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Two-Way Flat Slab (Concrete Floor with Drop Panels) System Analysis and Desi¢ACI 318-14)

Design theconcrete floorslab system showbelowfor an intermediate flooconsideringpartition weight = 2(psf,

and unfactored live load 60 psf. The lateral loadsireindependentlyesisted by shear wall$he use of flat plate

system will be checked. If the use of flat plate is not adequate, the use of flat slab system with drop panels will be
investigated. Rt slabconcrete floor systens similar to the flat plate system. The only exception is that the flat slab
usesdrop panelgthickened portions around the columns) to increase the nominal shear strength of the concrete at the
critical section around the columns. The Equivalent Frame Methad)Bffown in ACI 318 is used in this example.

The hand solution from EFM is also used for a detailed companigbrihe analysis and desigmrsultsfrom spSlab

engineering software program ByructurePoint
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Code
Building Code Requirements for Structural Concrete (ACI-B4Band Commentary (ACI 318R4)
References

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

1 Notes on ACI 318l1 Building CodeRequirements for Structural Concrete, Twelfth Edition, 2013 Portland

Cement Association.

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

1 Control of Deflection in Concrete Structures (ACI 4388

1 spSlabEngineeing Software Prgram Manualv10.00 STRUCTUREPOINT 224

1 ContactSupport@StructurePoint.otg obtain supplementarpaterials ¢§pSlabmodel:DE-Two-Way-Flat-Slab
with-Drop-PanelsACI-318-14.slbx)

Design Data

Story Height= 13ft (provided by architectural drawings)

Superimposed Dead Loa8DL =20 psffor framed partitions, wood studs, 2 x 2, plastered 2 sides
ASCE/SEI 710 (TableC3-1)

Live Load LL = 60psf ASCE/SEI 710 (Table 41)

50 psf is considered by inspection of Tablg for Office Buildingsi Offices (2/3 of the floor area)
80 psf is considered by inspection of Tabl& for Office Buildingsi Corridors (1/3 of the floor area)
LL =2/3 x50+ 1/3 x 80 = 6(sf

f:6=5,000psi (for slab

f:6= 6,000psi (for columns)

fy = 60,000psi



https://structurepoint.org/publication/manuals.asp
http://www.structurepoint.org/
mailto:Support@StructurePoint.org
http://www.spslab.com/
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1. Notations

This section (based on ACI 318l provisions) defines notation and terminology used in this design example:

A =

A’s,min:

g
1

bz =

C1 =

C2 =

db =

m
I

Ees =
Es =

& =

depth of equivalent rectangular stress block, in.
area of an individual bar or wire, .

gross area of concrete section? ifor a hollow sectiondy is the area of the concrete only and does not

include the area of the void(s)
area of nonprestressed longitudinal tension reinforcemett, in.

total area of nonprestressed longitudinal reinforcement including bars or steel shapes, and excluding

prestressing reinforcement,n.

minimum area of flexural reinforcement,3n.

width of compression face of member, in.

perimeter of critical section for twaay shear in slabs and footings, in.
web width ordiameter of circular section, in.

dimension of the critical sectioh, measured in the direction of the span for which moments are

determined, in.

dimension of the critical sectidm measured in the direction perpendiculabioin.
distance from extreme compression fiber to neutral axis, in.

clear cover of reinforcement, in.

dimension of rectangular or equivalent rectangular column, capital, or bracket meagheediiection

of the span for which moments are being determined, in.

dimension of rectangular or equivalent rectangular column, capital, or bracket measured in the direction

perpendicular t@, in.

crosssectional constant to define torsional properties of slab and beam

distance from extreme compression fiber to centroid of longitudinal tension reinforcement, in.
nominal diameter of bar, wire, or prestressing strand, in.

modulus of elasticity of concrete, psi

modulus ofelasticity of slab concrete, psi

modulus of elasticity of reinforcement and structural steel, excluding prestressing reinforcement, psi

specified compressive strength of concrete, psi
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f- = modulus of rupture of concrete, psi
fy = specified yield strength for nonprestressed reinforcement, psi
h = overall thickness, height, or depth of member, in.
l« = moment of inertia of cracked section transformed to concrete, in.
le = effective moment of inertia for calculation of deflection?in.
lg = moment of inertia of gross concrete section about centroidal axis, neglecting reinforcerthent, in.
Ki = torsional stiffness of member; moment per unit rotation
I = span length of beam or omeay slab; clear projection of cantilever, in.
In = length of clear span measured faodace of supports, in.
I+ = length of span in direction that moments are being determined, measured@eetger of supports, in.
I = length of span in direction perpendiculaid{omeasured centgéo-center of supports, in.
M. = maximum moment in member due to service loads at stage deflection is calculdted, in.
M¢ = cracking moment, inlb
My = factored moment at section,-l.
Mo, = total factored static moment, ith
n = number of items, such dsars, wires, monostrand anchorage devices, anchors, or shearhead arms
P, = nominal axial compressive strength of member, Ib
P, = nominal axial strength at zero eccentricity, Ib
P, = factored axial force; to be taken as positive for compressiomegetive for tension, Ib
Oou = factored dead load per unit area, fb/ft
g = factored live load per unit area, IB/ft
qu = factored load per unit area, I3/ft
Ve = stress corresponding to nominal tway shear strength provided by concrete, psi
Vo = maximum factored twavay shear stress calculated around the perimeter of a given critical section, psi
V. = nominal shear strength provided by concrete, Ib
Vn = nominal shear strength, Ib
Vs = nominal shear strength provided by shear reinforcement, Ib
V., = factored shear force at section, Ib
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&’:(

by

Lo

density, unit weight, of normalweight concrete or equilibrium density of lightweight concretg, Ib/ft
distance from centroidal axis of gross section, neglecting reinforcement, to tension face, in.
constant used to calcula#g in slabs and footings

ratio of long to short dimensions: clear spans for-way slabs, sides of column, concentrated load or

reaction area; or sides of a footing

factor relating depth of equivalergctangular compressive stress block to depth of neutral axis
factor used to determine the fraction\d; transferred by slab flexure at stablumn connections
factor used to determine the fractionvbftransferred by eccentricity of shear at statbumn connections

net tensile strain in extreme layer of longitudinal tension reinforcement at nominal strength, excluding

strains due to effective prestress, creep, shrinkage, and temperature

modification factor to reflect the reduced mechanical properties of lightweight concrete relative to normal

weight concrete of the same compressive strength
multiplier used for additional deflection due to letegm effects
time-dependent factor faustained load

ratio of As' to bd

strength reduction factor
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2. Preliminary Member Sizing
2.1.For Flat Plate (Without Drop Panels)

2.1.1. Slab Minimum Thicknessi Deflection
ACI 31814 (8.3.1.1)

In lieu of detailed calculation for deflections, ACI 318 Code gives minimum slab thickness favawo

construction without interior beams Trable 8.3.1.1

For this flat plate slab systems the minimum slab thicknessesGi€318-14 are:

Exterior Panelsh, = ;—”0 :33%) H.33in. ACI 31814 (Table 8.3.1.1)

But not less than 5 in. ACI 31814 (8.3.1.1(a))
. I, 340 .

Interior Panelsh, :3—”3 -—-g ¥0.30 in. ACI 31814 (Table 8.3.1.1)

But not less than 5 in. ACI 31814 (8.3.1.1(a))

Wherel, = length of clear span in the long direction =X3027 20 = 340 in.

Try 11 in. slab for all panels (salfeight = 150 pck 11 in. /12 = 137.9 psf)
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2.1.2. Slab Shear Strength i One Way Shear

At a preliminary check level, the use of averaffective depth would be sufficient. However, after determining
the final depth of the slab, the exact effective depth will be used in flexural, shear and deflection calculations.
Evaluate the average effective degdtin(re?2):

d=h -G.. € 92*1 11=0.75 0.750'775 - 9.13#

d =h -Cuea % 15 075 27 gsain
2 2

_d+d 9.13+9.88

d,, €50 in.
9 2 2
Where:
Cclear = 3/4 in. for # 6 steel bar ACI 31814 (Table 20.6.1.3.1)

dp = 0.75 in. for # Gsteel bar

T

Figure2i Average Effective Depth for Flat Plate

Factored dead load, g, =1.20 3(137.50 20.00) %89.00

Factored live load, g, =1.60 360.00 =96.00 ps ACI 31814 (5.3.1)

Total factored load, ¢, =189.00 +96.00 =285.00 p

Check the adequacy of slab thickness for beam actionvwageshear) ACI 31814 (22.5)
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At an interior column:

Consider a 12n. wide strip. The critical section for oiveay shear is located at a distamicérom the face of

support (se€igure3):
Tributary area for ongvay shear is

_e30 20 950g 12

. =z - = <3 1338 ff
Al'nbutary 82 23 12 12 H 12

V, =0, Ay 285 18.38 381k

V.=29 ffj I d ACI| 31814 (Eq. 22.5.5.1)
Wherea= 1 for normal weight concrete mor e i nf or mat iConoretecTape Classificdftianu nd i n
Basedon UnitDensity t echni cal article.

fV,=0.7532.0 1.0,/35,000 1219—'056% 1289 kipsv, >3.8Fk

Slab thickness of 11 in. is adequate for-arsy shear.

[ 15-0" | 150" ——=|

—~—— 1338 ——=

15!_0"
20" =
+ ]
2!
e by = 9.50"
15!_0" (=

Figure3i Critical Section for On&Vay Shear
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2.1.3. Slab Shear Strength T Two-Way Shear
Check the adequacy of slab thickness for punching sheaw(ayshear) at an interior columfiure4):

Tributary area fotwo-way shear is

o 2,.,
Al'ributary = (30 330) %20-;:72950 8 8@396&
C =

V, =0, *Aupey ©285 893.96 254.78 kil

V,=4 ¥ $fj b2 d (For square interior column) ACI 31814 (Table 22.6.5.2(a))

V,=43[5,000 (¢4 (20 98)) 1965§o 31707 ki

fV, =0.75 3317.07 =237.80 kipsV<  254.78 k

Slab thickness of 11 in. is not adequate for-tay shear. It is good to mention that the factored sh&ar (
used in the preliminary check does not include the effect of the unbalanced moment at supports. Including this

effect will lead to an increase ¥f, value as shown later fBection 5.2

-~ 150" | 150" ——~

15'-0"
2050" <= =
A
1 d- i (Djl
‘ DL 475" T =
2
1 v 29.50"
15'-0"
1

Figure4i Critical Section for TweWay Shear
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In this case, four options could be used: 1) to increase the slab thickness, 2) to increase columns cross sectional

dimensions or cut the spacing between colufreducing span lengths), however, this option is assumed to be

not permissible in this example due to architectural limitations, 3) to use headed shear reinforcement, or 4) to

use drop panels. In this example, the latter option will be used to achiexeunetérstanding for the design of

two-way slab with drop panels often called flat slab.

Check the drop panel dimensional limitations as follows:

1) The drop panel shall project below the slab at leasfamth of the adjacent slab thickness.
ACI 31814 (8.2.4(a))

Since the slab thicknesiss(is 10 in. on page 1P, the thickness of the drop panel should be at least:

hpmn=0.25 %, ©.25 10 250il

Drop panel dimensions are also controlled by formwork considerationgzigihe=5 shows the standard

lumber dimensions that are used when forming drop panels. Using other depths will unnecessarily increase

formwork costs.

For nominal lumber size (2x4, = 4.25 in. >hgp, min= 2.2 in.

The total thickness including the slab and the drop p#épel lfs+ hgp = 10 + 4.25 = 14.25 in.

#

by, Plyform/ )

—Slab

Vi
/

4

\ >
e Drop panel
f
Nominal Lumber Size (in.) | Actual Lumber Size (in.) | Plyform Thickness (in.) hap (in.)
2x 11/2 3/4 21/4
4x 31/2 3/4 41/4
6x 51/2 3/4 6 1/4
8x 71/4 3/4 8

Figure5i Drop Panel Formwork Details
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2) The drop panel shall extend in each direction from the centerline of support a distance not less than

sixth the span length measured from ceterenter of supports in that direction.
ACI 31814 (8.2.4(b))

hp=g ¥ 03 £802 30 TR

1, 1, 1. .1
Go=su, 5 L0330 mott
6 7 6 ° 6 6

Based on the previous discussibigure6 shows the dimensions of the selected drop panels around interior,

edge (exterior), and corner columns.

10
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Figure61 Drop Panels Dimensions

11
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2.2.For Flat Slab (with Drop Panels)

For slabs with changes in thickness and subjected to bending in two directions, it is necessary to check shear at
multiple sections as defined in tA€Il 318-14. The critical sections shall be located with respect to:

1) Edges or corners of columns. ACI 31814 (22.6.4.1(a))

2) Changes in slab thickness, such as edges of drop panels. ACI 31814 (22.6.4.1(b))
2.2.1. Slab Minimum Thicknessi Deflection

ACI 31814 (8.3.1.1)

In lieu of detailed calculation for deflections, ACI 318 Code gives minimum slab thickness favaiwo

construction without interior beams Trable 8.3.1.1

For this flat plate slab systems the minimum slab thicknessesdie€318-14 are:

340

Exterior Panelsh, :é—"a -—-5 ¥0.30 in. ACI| 31814 (Table 8.3.1.1)
But not less than 4 in. AC| 31814 (8.3.1.1(b))
. I, _340 .
Interior Panelsh, =~ =—— 44in. ACI| 31814 (Table 8.3.1.1)
36 36
But not less than 4 in. ACI 31814 (8.3.1.1(b))

Wherel, = length of clear span in the long direction =x30271 20 = 340 in.

Try 10 in. slab for all panels

Self-weight for slab section without drop panel = 150 %40 in. /12 = 1290 psf

Selftweight for slab section with drop panel = 150 pdf4.25 in. /12 = 1783 psf

12
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2.2.2. Slab Shear Strengthi One Way Shear

For critical section at distancEfrom the edge of the column (slab section with drop panel):

Evaluate the average effective depth:

d 0.75

d=h G & - 1425 075 075—- - 1238

o

d =h -G, — 1425 0.75047§ 13.83 i
2 2

_d+d 12.38+13.13

Aoy == > £2.75in
Where:
Celear = 3/4 in. for # 6 steel bar ACI 31814 (Table 20.6.1.3.1)
dy = 0.75 in. for # 6 steel bar
Mi/ﬁ T 7, @ a
=

d;=13.13 in. (fm.g=12.75 in. d,=12.38 in.

Figure7 i Average Effective Depth for Slab Section with Drop Panel

Factored dead load, g,, =1.20 3(178.13 +0.00) 237.75f

Factored live load, ¢, =1.60 360.00 96.00 p: ACI 31814 (5.3.1)

Total factored load, ¢, =237.75 +96.00 =333.75p:

13
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Check the adequacy of slab thickness for beam actionwageshear) from the edge of the interior column
ACI 31814 (22.5)

Consider a 12n. wide strip. The critical section for oiveay shear is located at a distadgérom the edge of

the column (se€igure8)

Tributary area for ongvay shear is

_e30 20 12.75g 12

v _ 22TV 3% 134012
g2 2312 12 H12

AI' ributary

V, =0, Ay, G334 1810 437kif

V.=2 9 ffj b2 d ACI 31814 (Eq. 22.5.5.1)

Wherea= 1 for normal weightoncrete

fV,=0.7532 1.0 /35,000 12%3—3 1623 kipsV, >4.3Fk

Slab thickness of 14.25 in. is adequate for-amag shear for the first critical section (from the edge of the

column).

15— 150

=~ 13:10" ——

15!_0"
E
W |
@ =
—- | [ ] |
| |
| 20" j |
I
e e d,, = 12.75"
lSl_Oll S

Figure8i Critical Sectiomat Distanced from the Edge of the Colunfor OneWay Shear

14
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For critical section at the edge of the drop panel (slab section without drop panel):

Evaluate the average effective depth:

d=h -G ¢ 92”— 10=0.75 0.750'—275 - 813

d, 0.75

d=h -c -2 186 0.75 —— 8.8&ir
t I’L Clear 2 2

_d+d 813+8.88

d
avg 2 2

&50 in.

Where:

Celear = 3/4 in. for # 6 steel bar ACI 31814 (Table 20.6.1.3.1)

dp = 0.75 in. for # 6 steel bar

d;=8.88 in. dm'g:8'50 in. d;:813 in.

i | a

Figure9i Average Effective Depth for Slab Section without Drop Panel

Factored dead load, g, =1.20 3(125.00 +0.00) %74.00

Factored live load, ¢, =1.60 360.00 =96.00 p: ACI| 31814 (5.3.1)

Total factored load, ¢, =174.00 +96.00 =270.00 p

15
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Check the adequacy of slab thickness for beam actionwageshear) from the edge of the interior drop panel
ACI 31814 (22.5)

Consider a 12n. wide strip. The critical section for oveay shear is located at the face of support sgere
10)
Tributary area for ne-way shear is

_&30 10 g2

62 2 Hiz 16.00 ft

AI' ributary

V, =0, *Auuey @270 10.00 270 kif

V.=29 {fj b2 d ACI 31814 (Eq. 22.5.5.1)

Wherea= 1 for normal weight concrete

fV,=0.7532.0 1.0 /35,000 12f—65c;% 1082 kipsv, >2.7Gk

Slab thickness of 10 in. is adequate for-arsy shear for the second critical section (from the edge of the

drop panel).

- 15!_0” - - 15!_0” -

———10"-0" ——=

1550 100" —=
.
|
|

—+ 100" ]
|
l |
]
15!_0"

Figurel07 Critical Sectiomat the Face of the Drop Paifiet OneWay Shear

16
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2.2.3. Slab Shear Strength i Two-Way Shear

For critical section at distanc#2 from the edge of the column (slab section with drop panel):

Check the adequacy of slab thickness for punching sheam{ayshear) at an interior columBigure11):
Tributary area for twavay shear is

o 2,
Al'ributary = (30 330) %?%5 8 892.55 ﬁ:

V, =0, Ay, ©:334 89255 287.89 kil

V,=4 73 §fj b d (For square interior column) ACI 31814 (Table 22.6.5.2(a))

12.75
1,000

V,=4 3.0 {5000 (% ( 20 12¢)% 47242 ki
fV, =0.75 3472.42 854.31kipsV>  297.89 k

Slab thickness of 14.25 in. is adequate for-timay shear for the first critical section (from the edge of the
column).

}__7 15!_0” 4»_\__7 15"0” 4._‘

15-0"
T 71
L —32.75"
wf
2275*'J R 35 =638"
15-0"

Figurelli Critical Sectiomatd/2 from theEdge of theColumn for TweWay Shear

17
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For critical section at the edge of the drop panel (slab section without drop panel):

Check the adequacy of slab thickness for punching sheamw(aychear) at an interior drop pan€igqure
12):

Tributary area for twavay shear is

3120+ 8.50 %

Al'ributary = (30 330) ET 0 7:8533ﬁ:
(o =

Ve = *Avipuary 8270 785.33  232.04 kif

V=473 §fj b d (For square interior column) ACI 31814 (Table22.6.5.2(a))

V,=4 3.0 §5000 (4 ( £20 8.30

8.5, 1235.74 ki
1,000

fV, =0.75 31235.74 =026.80 kipsV>  212.04 k

Slab thickness of 10 in. is adequate fortway shear for the second critical section (from the edge of the

drop panel).
- lSl_O" » - lSl_O" » ‘
15-0" - 128.50" =]
| — 8l
| |
28507 [
| |
| |
| | 425"
| |
(IR %
150" —ff= 4.25"

Figurel2i Critical Sectionatd/2 from theEdge of theDrop Panefor Two-Way Shear
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2.2.4. Column Dimensions- Axial Load
Check the adequacy of column dimensions for axial load:

For live load, superimposed dead load, andwelyht of the slalaround an interior column;
q, =270 psf (seeon page 1p
Aoy =30 230 €00 t

For selfweight of additional slab thickness due to the presence of the dropgpanetl an interior column;

g, =333.75-270 =63.75 ps(seeon page 1&and15)
AI'ributary =10 °10 200 f%

Assuming five story building

P =n%, A, 5=(0270 906 0.084 1003 1,246:88 k

Assume 20 in. square column with No. 14 vertical bars with design axial strengtR, max0f

fRmax=08037 f0.85 f3 & A ) f, A ACI 31814 (22.4.2)

fP, e =0.80 30.65 (50.85 6,0000 20 28 4 -2)25 60,600 4 P35 317B3 kip:
fP. . =1317.73kips>P, =,246.88 kil

n,max

Column dimensions of 20 ix. 20 in. are adequate for axial load.
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3. Flexural Analysis and Design

ACI 318 states that a slab system shall be designed by any procedure satisfying equilibrium and geometric
compatibility, provided that strength and serviceability criteria are satisfied. Distinction -afy/stems from one
way systems is given b&CI 31814 (R8.10.2.3 & R8.3.1.2)

ACI 318 permits the us of Direct Design Method (DDM)ral Equivdent Frame Method (EFM) for the gravity
load analysis of orthogonal frames and is applicable to flat plates, flat slabs, and slabs with beams. The following

sections outline the solution per EFM adblabsoftware. For the solution per DDM, check the flat plate example.
3.1. Equivalent Frame Method (EFM)

EFM is the most comprehensive ashetailed procedure provided by the ACI 318 for the analysis and design of
two-way slab systems where the structure is modeled by a series of equivalent frames (interior and exterior) on

column lines taken longitudinally and transversely through the bgildin

The equivalent frame consists of three parts (for a detailed discussion of this methodimefdat®late Design

Examplg:

1) Horizontal slabbeam strip
2) Columns or other vertical supporting members

3) Elements of the structur€lorsional membersphat provide moment transfer between the horizontal and

verticalmembers
3.1.1. Limitations for Use of Equivalent Frame Method

In EFM, live load shall be arranged in accordance with 6.4.3 which requires slab systems to be analyzed and
designed for the most demanding set of forces established by investigating the effects of live load placed in
various critical patterns. ACI 31814 (8.11.1.2 &6.4.3

Complete analysis must include representative interior and exterior equivalent frames in bwthithdinal
and transverse directions of the floor. ACI 31814 8.11.2.2

Panels shall be rectangular, with a ratio of longer to shorter panel dimensions, measured-center of
supports, not to exceed 2. ACI 31814 8.10.2.3
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3.1.2. Frame Members ofEquivalent Frame

Determine moment distribution factors and fixead moments for the equivalent frame members. The moment
distribution procedure will be used to analyze the equivalent frame. Stiffness fadans/ over factors COF,
and fixedend moment factors FEM for the stabams and column members are determined using the design

aids tables aAppendix 20A of PCA Notes on ACI 31BL These calculations are shown below.

a) Flexural stiffness of slabeams at both end&sy.

Cu__ 20 osg G o 20

¢, (30:12) ¢, (30212)
For cr1 = ¢y, stiffness factordne = ken = 5.587 PCA Notes on ACB1811 (Table &2 & A3)
E.® | E,. °l
Thus, Ky, =kye 3 = 5587 = = PCA Notes on ACB18-11 (Table 2 & A3)
,'/1 ,/1

4,287 10 330,000
360

Ky, =5.587 3 %,995,955,750 in.-

_(,3h* 360° (10§

Where, | = o B 30,000 in’

E.=w." 83 ffj 150° 33/5000 4,287 £0 § AC| 31814 (19.2.2.1.3)
Carry-over factorCOF=0.578 PCA Notes on ACB1811 (Table 2 & A3)
Fixed-end moment-EM = § in:lmqu 3w 67 PCA Notes on ACB1811 (Table 2 & A3)

Uniform load fixed end moment coefficiemtyr1 = 0.0915
Fixed end moment coefficient for-4) = 0.2 when a = Oy = 0.0163

Fixed end moment coefficient for-4) = 0.2 when a = 0.8Wez = 0.002
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b) Flexural stiffness of column members at both eids,

Referring toTable A7, Appendix 20A

For theBottom Column(Below):

ta= /2 + hgp = 102 + 4.25= 9.25in. t, = h/2 =10/2 = 500in.

H=13ft = 156in. He=H-ta-t,= 1567 9.25i 5= 141.75in.
H _ 156

2925 4 g5 =

t 5.0 H, 141.75

Thus,kag = 5.318andCag= 0.54% by interpolation.

BI8 E_ 3
= % PCA Notes on ACB1811 (Table A)

e

K

c,bottom —

4,696 16 313,333

Kc,bottom = 5318 3 156

2,134,472,479 in.-

4 4
Where, I, =& {(20)
12 12

13,333in’

E.=w." 83 ffj 150° 33,6000 4,696 0 § AC131814(19.2.2.1.3)

lc = 13ft = 156in.

For theTop Column(Above).

tb
ta

)]

.0
2

o

H _ 156
20.54 =

H  141.75

Cc

©
ol

Thus,kag = 4.879andCag= 0.5 by interpolation

4878 E_ 3
K. _A878 5, . 82 = PCA Notes on ACB1811 (Table A)
~c
3
Keop =4.879 4,696 10 213,333 %,958,272,137 in.-

156
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c) Torsional stiffness of torsional membeks,

ACI 31814 R.8.11.5

@D @ @
N
w
vO) EB_‘QJO
NO
oo’

K _934, 287316 30,632

4,352,594,724 in.-|
a 0
0 5 1 303 12 2

o ~ O 3
WhereC= 44 0.63 3 8‘;433—3' ACI 31814 (Eq. 8.10.5.2b
¢ Y =¢

Q

c=3 063 ¥ 81}4 25 209 16632 if
2 20 &3 2

c2=20in.,”, =30 ft =360 in.

20"

— =

V!

Figurel3i Torsional Member

d) Equivalent column stiffnedse.

_a}<c3 Kt
ec

aK, + X,

_ (213447 1958.27F (2°1352.50) & 4 o so0 conin |
" [(2134.47+ 1958.27)+ (2 21352.59)]

Wherex

1 I§ for two torsional members one on each side of the columns apé for the upper and lower
olumns at the slabeam joint of an intermediate floor
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Kc', top
]1 /,/'/}/
K ta \JF //’/
/l// + K fa
/,/
k’/

¢, bottom

Figurel4i Column and Edge of Slab

e) Slabbeam joint distribution factor§F.

At exterior joint At interior joint

_ 199595 .o OF = 1,995.95 03
(1,995.95¢ 1,628.67) (1,995.95¢ 1,995.95+ 1,628.67)

55

COF for slabbeam = 0.578

= E
- <
~ s =
© K,,=1.995.95 x 10° <
& , &
S Kg=1.995.95x 10° S K=1.99595x 10°
I, I,
EXTERIOR COLUMN INTERIOR COLUMN

Figurel57 Slab and Colum&tiffness
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3.1.3. Equivalent Frame Analysis

Determine negative and positive moments for the-skdims using the moment distribution method. Since the
unfactored live load does not exceed thgearters of the unfactored dead load, design momentsaoened

to occur at all critical sections with full factored live on all spans. ACI 31814 (6.4.3.2
Lo 90 g4 3
D (125+ 20) 4

a) Factored load and Fixdend Moments( F E M6 s )

For slab:

Factored dead loadg,, =1.20 3(125.00 +20.00) #74.00f

Factored live load, ¢, =1.60 360.00 96.00 ps ACI| 31814 (5.3.1)

Total factored load, g, = q,, g, 270.00 psi

Fordrop panels

Factored dead load,, =1.20 3(150.00 34.25/12) $63.75¢.

Factored live load, ¢, =1.60 30.00 #.00 ps ACI 31814 (5.3.1)

Total factored load, g, = q,, g, 63.75pst

Fixed-end moment-EM = § in:lmqu 3w @7 PCA Notes on ACB18-11 (Table &2 & A3)

FEM =0.0915230.270 330 30 00163 03064 1G°30% 0.082 0.084 30°

FEM =677.53 ft-Kips
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b) Moment distribution. Computations are showrthe Table belowCounterclockwiseotational moments

actingon the member ends are taken as positive.

Table 1 - Moment Distribution for Equivalent Frame

O . -
Tl

Joint 1 2 3 4
Member 1-2 2-1 2-3 3-2 34 4-3
DF 0.551 | 0.355 | 0.355 | 0.355 | 0.355 | 0.551
COF 0.578 | 0.578 | 0.578 | 0.578 | 0.578 | 0.578
FEM 677.53 | -677.53| 677.53| -677.53| 677.53| -677.53
Dist -373.09| 0.00 0.00 0.00 0.00 | 373.09
CO 0.00 | -215.68| 0.00 0.00 | 215.68| 0.00
Dist 0.00 76.59 | 76.59 | -76.59 | -76.59| 0.00
CO 44.28 0.00 | -44.28| 44.28 | 0.00 | -44.28
Dist -24.38 | 15.72 | 15.72 | -15.72 | -15.72| 24.38

CO 9.09 | -14.09 | -9.09 9.09 14.09 | -9.09
Dist -5.01 8.23 8.23 -8.23 | -8.23 5.01
CO 4.76 -2.89 | -4.76 4.76 2.89 -4.76
Dist -2.62 2.72 2.72 -2.72 | -2.72 2.62
CO 1.57 -1.52 | -1.57 157 1.52 -1.57
Dist -0.87 1.10 1.10 -1.10 | -1.10 0.87
CO 0.63 -0.50 | -0.63 0.63 0.50 -0.63
Dist -0.35 0.40 0.40 -0.40 | -0.40 0.35
CO 0.23 -0.20 | -0.23 0.23 0.20 -0.23
Dist -0.13 0.15 0.15 -0.15 | -0.15 0.13
CO 0.09 -0.07 | -0.09 0.09 0.07 -0.09
Dist -0.05 0.06 0.06 -0.06 | -0.06 0.05
CO 0.03 -0.03 | -0.03 0.03 0.03 -0.03
Dist -0.02 0.02 0.02 -0.02 | -0.02 0.02

M “max 331.71| -807.52| 721.85| -721.85| 807.52| -331.71
Vv 108.83 | -140.55| 124.69| -124.69| 140.55| -108.83
Xmax 13.04 15.00 16.96

M *max 365.13 197.37 365.13

Maximum positive span moments are determined froniath@ving equations
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[1
M =M, M, M, o= (2.0x2)
M; 1 v v 1% + [q"‘:'r:) i i o M
rr vy | B . rrvvy vy
R=R, R, R, Re=Ru R, R e - [~
R, _ R,
X L + M. - Mg //
T2 e % Z 7
oL
) M —~ (2, xL2) —M;
M_(qusgz)agi M, +M. (ML-MR') (#v#_##{#sl L T T )
! 8 2 23 (QU 3‘72) @i RLH‘ . ‘RRI
R _(a20,) ¥ M{- Mg R _(@20,) ¥ M- My /
1 K
2 0 2 0 777
M,
(.1
M2:R2,2 3(€1 Xnax) |\‘I-ur,-)"?'
[ . :
a (, @l a L0, 8 i i
ﬂu,dp : 0~ 3 3 ﬂu.dp > 04 o R, Ry,
_¢ 3 ¥6 A (4 ﬁi_ _ 3 ¥6 Al
Ra 23 ¢, 8@ 6 6 231, &6 IS ’
= M,
, e
M; =R 5 ‘.q"‘"’“’x?J
i RIS
a 3 KZ % a 3 '€2 % R + | R
é‘u,dp n 06 Y @u,dp E 06 2 3y ¢ L3 R3
N R LA SRR LY Y TN
: 23 1, c6 : 23 ¢ & 6 6 TR 7777777
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Maximum positive moment igpans 12 and 34:

M, =M, M, M, 357.16 450 3.46 36513 ftk
V,=R =R, R, R, 10564 292 0.2# 108.83 ki
V,=R, =R, R, R, 13%36 02F 292 14055ki

30 (331.7: 807.5p

== 13.04 ft
K= (0.27¢ 39 230

Where:
M. = 337.71 ftkip

Mg = 807.52 fikip

_(0.27¢° 30 2306 331.71+ 807.52 ( 331.71-807.52

a 8 2 55(0.270%3) 80 o 0P
ose 2§, 5
M, =5 530 =5 o(80 13.09 450 ftki
P 25% 3
M, =& 550 =5 gF3.04 346 ft-kif
And:
R - (0.270323() 330 ( 337.7310- 807.52 £05.64 kipe
‘2=(0-6;: 313 35%@ §3630 369 829:2 kips

_(0.64 10 35 530
im0 =g 0827 kips
* 2330 &6 e

_(0.27¢® 39 230 ( 337.71-807.52

= £37.36 kips
. 2 30 P
_(0.64 10 35 430 5
e & 627 kips
27 2330 Fe 2 P
0.64 10 35 5_ 53 5
_ 9 £, 330 30 82.%2 Kips
6 =

* 2330 & 6
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Maximum positive moment in span3®

M7, =M, ™M, M, 189.40 450 3.46 19737 ftk
V=R =R, R, R, 12850 2.92 0.27 124.69 ki
V,=R, =R, R, R, 12850 292 0.2# 124.69 ki

30 (721.85 721.8p

= £5.00 ft
2 (0.27¢ 30 330

Xmax =

Where:
M = 721.85 ftkip

Mg = 721.85 fikip

_(0.270° 30 230 721.85+ 721.85 ( 721.85-721.%5

Lo 8 2 23(0.27033) B 189.40 fi-dp
pose?9% 0
M, =5 530 =5 o(80 13.09 450 ftki
Doos > 3% 0
M, =& 23330‘ 85‘9’—2 g13304 346 fr-kif
and:

(0.27¢ 39 230 ( 721.85-721.35

= £21.50 kips
R 2 30 P
(0.64 10 353 5330 30 &
= —+ 5 2.92 Kips
2 23 30 %"2 6 6 2 bt

_(0.64 10 35 530
im0 =g 0827 kips
* 2330 &6 e

_(0.27¢ 39 230 ( 721.85-721.85

= F21.50 kips
. 2 30 P
_(0.64 10 35 430 5
e & 627 kips
27 2330 Fe 2 P
0.64 10 35 5_ 53 5
_ 9 £, 330 30 82.%2 Kips
6 =

* 2330 & 6
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3.1.4. Factored MomentsUsed for Design

Positive and negative factored moments for the slab system in the direction of analysis are [latted i6.
The negative moments used for design are taken at the faces of supports (rectangle section or equivalent

rectangle for circular or polygon sections) but not at distances greater than Oid#®m the centers of
ACI 31814(8.11.6.1)

supports.
20in. _ .
125 2 =1.67 ft <0.175 B0 5.251(use face of support location)
Ultimate Load (kips/ft)
.74 8.74 8.74 8.74
- _, v e e B 4 L I B «
. . . (s
Moment diagram (ft-kips)
807.52 807.52
721.85
- /é% Y N
365.13 19737 365.13
x. ft R )
Moment values @ columns centerlines
Shear diagram (kips)
108.83 124.69 140.55 133.27

101.55 117.41
a\ E\
A I
T 1
b—13.04 fi *\a \g——lé 96 ft ——|\g
133.27 117.41 101.55

140.55 124.69
x. ft

108.83

V @ Column Centerline
——~— V @ Column Face

Moment diagram (ft-kips)

693.43 693.43
620.98 620.98

24405 /% o o J%)\ 24405
/ ZA

B 772N 77777 S 777

365.13 197.37 365.13

* Moment values @ @ columns faces

Figurel6i Positive and Negative Design Moments for SBdam (All Spans Loaded with Full Factored Livead)
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3.1.5. Factored Moments inSlab-Beam Strip

a) Check whether the moments calculated above can take advantage of the reduction perdEic818y
14 (8.11.6.5)

If the slab system analyzed using EFM within the limitationA®©f 318-14 (8.10.2) it is permitted by the

ACI code to reduce the calculated moments obtained from EFM in such proportion that the absolute sum of
the positive and average negative design moments need not exceed the total staticNiaagivemt by
Equation 8.10.3.2n the ACI 318-14.

Check Applicability of Direct Design Method:

1. There is a minimum of three continuous spans in each direction. ACI 31814 (8.10.2.1)
2. Successive span lengths arpal. ACI 31814 (8.10.2.2)
3. Long-to-Short ratio is 30/30 = 100< 2.(0. ACI 31814 (8.10.2.3)
4. Column are not offset. ACI 31814 (8.10.2.4)

5. Loads are gravity and uniformly distributed with service-lie#aead ratio of 0.41 < 200

(Note: The selwneight of the drop panels is not uniformly distributed entirely along the span. However, the
variation in load magnitude is small). ACI 31814 (8.10.2.5 and 6)

6. Check relative stiffness for slab panel. ACI 31814 (8.10.2.7)

Slab system is without beams and this requirement is not applicable.

All limitation of ACI 31814 (8.10.2)are satisfied and the provisions €I 31814 (8.11.6.5)may be
applied:

3 3 2 3 -
M, =& % fn 0270 30 é?’o 20/12) 812.81 ft-kips ACI 31814 (Eq. 8.10.3.2)

End spans365.13+ %2807'52 =934.75 ft-kip:

Interior span:197.37+ ws =919.22 ft-kip
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b)

To illustrate proper procedure, the interior span factored moments may be reduced as follows:

Permissible reductionSﬁlz 0.88
919.22

Adjusted negative design moment = BBlx 0.88 = 638.29ft-kips

Adjusted positive design moment = 197:80.83 = 174.52ft-kips

M, =174.52 wg 812.81 ft-kip
ACI 318 allows the reduction of the moment values based on the previous procedure. Since the drop panels
may cause gravity loads not to be uniform (Check limitation #3-&nde16), the moment values obtained

from EFM will be used for comparison reasons.
Distribute factored moments to column and middle strips:

After the negative and positive moments have lkst@rmined for the slabeam strip, the ACI code permits
the distribution of the moments at critical sections to the column strips, beams (if any), and middle strips in

accordance with the DDM. ACI 31814 (8.11.6.6)

Distribution of factored moments at critical sections is summarizédlihe below

Table 2 - Distribution of factored moments
Slab-beam Strip Column Strip Middle Strip
Location Moment SR Moment S Moment
(ft-kips) (ft-kips) (ft-kips)
Exterior 244.05 100 244.05 0 0
Negative
End Positive 365.13 60 219.08 40 146.05
Span
Interior 693.43 75 520.07 25 173.36
Negative
e Negative 620.98 75 465.73 25 155.24
Spa Positive 197.37 60 118.42 40 78.95
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3.1.6. Flexural ReinforcementRequirements

a) Determine flexural reinforcement required for strip moments

The flexural reinforcement calculation for the column strip of end pasterior negative location is

provided below.
My = 244.05ft-kips
Used =13.13in.

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 facmequal to

0.90, andid will be taken equal t®.987xd. The assumptions will be verified once the area of steel in

finalized.

Assumed = 0.987xd =12.95 in.

480 in.

3
Column strip width,b = %12

3
Middle strip width, b = %12 480 in.

M, 244.05 12,000
& —

= _ £19in’
f3f,3d 0.90° 60,0003 12.95

Recalculatesd f or AdFrd.19dné&t u a |

_ A f, 419 60,000

a= 6:328in
0.8% fj ® 0.85 5,000 280

a 0.328

c=— =22 @386 in

b, 085

80.003 8003 _§ |
6= — &d 0003 = 1813 0.003 0.0989 0.0
TEC 0386 %

Therefore, the assumption that section is tenstmtrolled is valid.
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A= M, - 244.05 12,00(()) o5 5 F181
£o1, 58 2 5090 60,000%13.13-"% §
¢ 2= ¢ )

The slab has two thicknesses in the column strip (14.25 in. for the slab with the drop panel and 10 in. for

the slab without the drop panel).

The weighted slab thickness:

14 2553%0 810 332?9 0 g
h, = &2 = 42.83in
430 g 3@ 30 &
#3023 90
100" ]
\_“Y)"ﬁ 14.25" Iy = 12.83 L_[
| 15'-0 }
Figurel71 TheWeighted Slab Thickness
A, =0.00183180 32.83 #4.16fn. 418 ACI 31814 (24.4.3.2
Sex=2 %h, 2 12.83 2567in.>18i AC| 31814 (8.7.2.9
Siax =18 iN.

Provide 10 #6 bars withAs= 4.40 in?and s = %) 48in. &,

Based on the procedure outlined above, values for all span locations are digéieitelow
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Table 3 - Required Slab Reinforcement for Flexure [Equivalent Frame Method (EFM)]
. Mu b d As req As,min Reinforcement As provided
Span Location (ftkips) | (n) | Gn) | (.2 | (in.2 Provided (in.%)
End Span
Exterior 24405 | 180 | 13.13 | 4.18 | 4.16 107 #6 4.40
Negative
Cg't‘r‘ig"” Positive | 219.08 | 180 | 8.88 | 5.62 | 3.24 137 #6 5.72
Iz 520.07 | 180 | 13.13 | 9.05 | 4.16 217 #6 9.24
Negative
Exterior 0.00 180 | 8.88 | 0.00 | 3.24 107 #6™ 4.40
Negative
Ms"t’r?:)e Positive 146.05 | 180 | 888 | 3.72 | 3.24 107 #6™ 4.40
Interior 17336 | 180 | 888 | 4.43 | 3.24 117 #6 4.84
Negative
Interior Span
Cg't‘;‘ig‘” Positive 11842 | 180 | 8.88 | 3.01 | 3.24 107 #6" ™ 4.40
Ms'?r?:)e Positive 78.95 180 | 888 | 1.99 | 3.24 107 #6* ™ 4.40

Design governed by minimuneinforcement.
Number of bars governed by maximum allowable spacing.

*k
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b) Calculate additional slab reinforcement at columns for moment transfer between slab and column by flexure

The factored slab moment resisted by the colggy® M, ) shall be assumed to be transferred by flexure.

Concentration of reinforcement over the column by closer spacing or additional reinforcement shall be used

to resist this moment. The fraction of slab moment not calculated to be resisted by flexureatsalhied

to be resisted by eccentricity of shear. ACI 31814 8.4.2.3
Portion of the unbalanced moment transferred by flexugg M, ACI131814(8.4.23.)
Where
1
g =———— ACI 31814 (8.4.2.3.2)
1+g 3 g
3 \b,

1 ba

Dimension of the critical sectidm measured in the direction of the span for which moments are

determined in ACI 318, Chapter 8 (déigurel8).

1 b2, = Dimension of the critical sectiob, measured in the direction perpendiculabtdn ACI 318,

Chapter 8 (seEigurel8).

1 by = Effective slab width= ¢, + 3xh ACI 31814 (8.4.2.3.3)
w —Edge of slab
C D C Y D
2 2 — 1T ; :
~ | |
Ccp % % by cp | Ci | b
3 a | ! I
z } :[: } z z Ca i o i z
CAR } } AL 77777777777777777 JB
< | ~ |
T T
A, T B B
‘ by ‘ w
Critical shear perimeter for interior column Critical shear perimeter for exterior column
—Edge of slab
C w D ’,

o
o
|}
(]
=y

CaB Ca
Al ‘B
-
4o
Edge of slab—/

W

Critical shear perimeter for corner column

Figurel8i Critical Shear Perimeters for Columns
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For exterior support:

d=h ¢, & 1425 075°%7° 131
2 2
My = 331.71ft-kips As(prov)= 4.40 in?
bfq*% 20 1323’ 2656 in b=c, 4 20 1313 3313 ir
=1 g6
h=c, 8 A 26 34425 6275 G 142 5[2656
3 \33.13
_ fi a 23 M,
=085 fil o V/dz g M,
f, 2 £30.85 3f; B,
3 a 3 o]
p = 085" 5,000 62.753%3_13 1313 2°0.63 83L71 O , ...
60,000 2 0.99 0.85 5,000° 62.7%

However, the area ateel provided to resist the flexural moment within the effective slab width b

A 2 440 9128_2)5 1.53ir.

A&, provided within bb™ s provided b

Then, the required additional reinforcement at exterior column for moment transfer between slab and

column:

A%,additional = As -As provided within bb %63 153 240iA
Provide 5 #6 additional bars withs = 2.20in.2

Based on the procedure outlined above, values for all supports are gikandrbelow
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Table 4 - Additional Slab Reinforcement required for moment transfer between slab and column (EFM)

p Asr e g ¢ Asprov. For
. Mu a My bb d sh - Ad d
Span Location (ft-kips) o (ftkips) | (in) | (i) Wlthln bo flexure_wnhln b Reinf.
(in.?) (@in.2)
End Span
EXte”t‘?r 331.71 | 0.63| 207.71 | 62.75| 13.13| 3.63 1.53 57 #6
Column itz
Strip ;
Interior 85.68 | 0.60| 51.41 | 62.75|13.13| 0.88 3.37 -
Negative

* My is taken at the centerline of the support in Equivalent Frame Method solution.
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3.1.7. Factored Moments inColumns

The unbalanced moment from the slamms at the supports of the equivalent frame are distributed to the
support columns above and below the dd@lam in proportion to the relative stiffness of the support columns.

Referring toFigure 16 the unbalanced moment at the exterior and interior joints are:
Exterior Joint = +331.71t-kips
Joint 2=-807.52 + 721.85 =85.68ft-kips

The stiffness and cargver factors of the actual columns and the distribution of the unbalanced slab moments

(Ms) to the exterior and interior columns are shown infttlewing Figure

LLLLS =7
A0
| /" \osan ft-kip =
|/ =
Y, &
7 5
COF =0.595 7 -
K.=1958.27 x 10° 150.86 fikip— 7 | 5
DF = 0.473 158.71 ft-kip— Y, | g
AV |
V——— —— E
———— " g
COF =0.545 | /N \“172.99 ftkip =
Ko = 2134.47 x 10° |/ \“1s7asfdap . ©
DF =0.522 |/ 2
| 7 =
/}/ =
9421 ftkip- |
v
/7777 -
EXTERIOR COLUMN
. LLLLS
AR
= 24 39 ft-kip— \l
2 h
= I
_ [\ _ COF =0.595
g |\ 3896ftkip | K.=195827x10°
= | ;’/—40.99 ft-kip DF = 0.478
= | F
-
5 . +- Y
5 /A _
= 44.68 ftkap—/ /1y | COF =0.545
¢ 4059 fikip—/  \ | K.=213447 x 10°
g \ DF=0.522
3 \l
5 |
I\\ f34_33 fit-kip
- ST7T7
INTERIOR COLUMN

Figure19i Column Moments (Unbalanced Moments from SBeam)
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In summary:

For Top columr(Above). For Bottom columr{Below):
Mecotexterio= 150.86 ftkips Mcolexterio= 157.15 ftkips
Mecot,interior = 38.96 ftkips Mecot,interior = 40.59 ftkips

The momens determined above amdmbined with the factored axial laaffor each story)and factored
moments in the transverse directfondesign of column sections. The moment values at the face of interior,

exterior, and corner columns from the unbalanced moment values are showfollothieg Table

184.95

105.44

184.95 10544

Figure20i Moment Diagrams (kip#t)
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Table 5 - Factored Moments in Columns
Mu (Kips-ft) 1 2 3 4
M ux 40.59 157.15 22.09 97.19
Muy 40.59 22.09 157.15 97.19

4. Design of Columns by spColumn

This section includes the design of interior, edge, and corner columnsspsintumnsoftware. The preliminary
dimensions for these columns were calculated previously in section one. The reduction of live &G BH&k

10will be ignored in this example. However, the detailed procedure to calculate the reduced live loads is explained
in thefiOneWay Wide Modulg(Skip Jois) Concrete FlooBystemDesion (ACI 31814)0 Design Example.

4.1. Determination of Factored Loads

Assume 5 story building

Interior Column (Column #1):

Tributary area for interior column for live load, superimposed dead load, andeiglit of the slab is
Atributary = (30 X 30) =900ft?

Tributary area for interior column for selfeight of additional slab thickness due to the presence of the drop

panel is

Arributary = (10 % 10) = 100ft?

1 Py = 5%0uX Aributary=5 % (0.270x 900 + 0.064x 100)= 1246.88Kips
1 Mux = 40.59ft-kips (see the previous Table
1 Muy = 40.59ft-kips (see the previous Table

Edge (Exterior) Column (Column #2):

Tributary area for edge column for live load, superimposed dead load, aneeggit of the slab is

a30 20/2 &
L= +—= 530 4%5.00 ft
A’nbutary g? 12 9

Tributary area for edge column for seleight of additional slab thickness due to the presence of the drop panel

is
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alO 20/2

A’nbutary 2 O:E:O 58.33 ff
C -

=

Y]

=4
1

5 X Gy X Arribuary = 5 % (0.270x 475.00 + 0.064 58.33)= 659.85kips

=a

<
c
x
|

= 157.15ft-kips (see the previous Table

= 22.09ft-kips (see the previous Tal)le

=a

<
c
<
|

Edge (Exterior) Column (Column #3):

Tributary area for edge column for live load, superimposed dead load, aneeggit of the slab is

A’nbutary a30 20/ 2 030 415 00 ﬁ
c & 12

Tributary area for edge column for seteight of additional slab thickness due to the presence of the drop panel
is

alO 20

gfo 58.33 f?
&2 T

A’ ributary —

1T Mux = 22.09ft-kips (see the previous Table

1 Myy = 157.15ft-kips (see the previous Tal)le

Corner Column (Column #4):

Tributary area for corner column for live load, superimposed dead load, aivdeggift of the slab is

430 20/2 6,38 20/ 2
+—— 69 ft
A’nbutary %_ 12 O ? 2%6

Tributary area for corner column for seleight of additional slab thickness due to the presence of the drop panel

is

alO 20/2 0,18 2
Al'nbutary 9 8 38:03 ﬁ.2

729

1 Py = 5x%quX Amibutary =5 % (0.270% 250.69 + 0.064 34.03)= 349.28kips

1 Mux = 97.19ft-kips (see the previous Tabhle

1 Myy = 97.19ft-kips (see the previous Table

The factored loads are then input isf@gColumrto construct the axial loddmoment interaction diagram.
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4.2.Moment Interaction Diagram

Interior Column (Column #):

STRUCTUREPOINT - spColumn v10.10a (TM)
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
F:\StructurePoint\spColumn\interior Column (#1).colx

2000 T P [kip]
. . (Pmax) (Pmax)
20x20in 1500 +
P
General Information
Project Two-Way Sl...op Panels) 1000 +
Column Interior #1
Engineer SP
Code ACl 318-14 \
Bar Set ASTM A615
Units English 500 +
Run Option Design
Run Axis Biaxial |
Slenderness Not Considered
Column Type Structural \ M [k-ft]
Capacity Method Moment capacity t =5 t t t !
-600 -400 -200 200 " 400 600
Materials e -
fe 6 ksi
Ec 4415.21 ksi
PR SRRt E S §

f 60 ksi (Pmin) (Pmin)
Y PM at 45.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
Ay 400 in? No. P Mo M, $P, OM,, M, Capacity
i 13333.3 int kip k-ft ket Kip Kt keft Ratio
1 13333.3 in¢ 1 1246.9 40.6 40.6 1246.88 175.55 175.55 0.23
y ;
Reinforcement Max. Capacity Ratio: 0.23
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 4#14
Confinement type Tied
Total steel area, A, 9.00 in?
Rho 225 %
Min. clear spacing 13.61 in
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EdgeColumn (Column #):

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/7/2025
F:\StructurePoint\spColumn\Edge Column (#2).colx 3:49 PM

2000 1 P [kip]
. . (Pmax) (Pmax)
20x20in 1500 +
General Information
Project Two-Way Sl...op Panles) 1000 +
Column Edge #2
Engineer SP
Code ACI 318-14 / +1
Bar Set ASTM A615
Units English 500 +
Run Option Design
Run Axis Biaxial )
Slendemness Not Considered \ ¥
Column Type Structural i : M [k-ft]
Capacity Method Moment capacity k H— + + + |
-600 -400 .-200 200 400 600

Materials
s 6 ksi
Ec 4415.21 ksi
f T (Pmin) 500+ (Pmin)
v PM at 8.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A 400 in? No. Py My M.y P, oM, oM, Capacity
I 13333.3 in* kip ket kAt kip keft k-t Ratio
I, 13333.3 int 1 659.8 157.1 221 659.85 420.99 59.18 0.37
Reinforcement Max. Capacity Ratio: 0.37
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 4#14
Confinement type Tied
Total steel area, A, 9.00 in?
Rho 2.25 %
Min. clear spacing 13.61 in
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EdgeColumn (Column 8):

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/7/2025
F:\StructurePoint\spColumn\Edge Column (#3).colx 3:50 PM

2000 1 P [kip]
. . (Pmax) (Pmax)
20x20in 1500 +
General Information
Project Two-Way Sl...op Panles) 1000 +
Column Edge #3
Engineer SP
Code ACI 318-14 / +1
Bar Set ASTM A615
Units English 500 +
Run Option Design
Run Axis Biaxial )
Slendemness Not Considered \ ¥
Column Type Structural i : M [k-ft]
Capacity Method Moment capacity k H— + + + |
-600 -400 .-200 200 400 600

Materials
s 6 ksi
Ec 4415.21 ksi
f T (Pmin) 500+ (Pmin)
v PM at 82.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A, 400 in? No. Py Mx M,y P, M, oM, Capacity
I 13333.3 in* kip k-t kAt kip keft k-t Ratio
I, 13333.3 int 1 659.8 221 1571 659.85 59.18 420.99 0.37
Reinforcement Max. Capacity Ratio: 0.37
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 4#14
Confinement type Tied
Total steel area, A, 9.00 in?
Rho 2.25 %
Min. clear spacing 13.61 in
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CornerColumn (Column #):

STRUCTUREPOINT - spColumn v10.10a (TM) Page | 1
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 5/7/2025
F:\StructurePoint\spColumn\Corner Column (#4).colx 3:51 PM

2000 1 P [kip]
. . (Pmax) (Pmax)

20x20in - 1500
General Information
Project Two-Way Sl...op Panles) 1000 +
Column Corner #4
Engineer SP
Code ACI 318-14 | \
Bar Set ASTM A615 ‘ |
Units English 500 +
Run Option Design | +1 \
Run Axis Biaxial ‘
Slendemness Not Considered ‘
Column Type Structural | | M [k-ft]
Capacity Method Moment capacity k I + } + |

-600 -400 -200 200 " 400 600

Materials ~ =
s 6 ksi
Ec 4415.21 ksi
f T (Pmin) 00+ (Pmin)
v PM at 45.0 [deg]
E. 29000 ksi
Section
Type Rectangular
Width 20 in
Depth 20 in
A 400 in? No. Py Mux M,y P, OM,, oM, Capacity
I 13333.3 in* kip k-t kAt Kip keft k-t Ratio
I, 13333.3 int 1 349.3 97.2 97.2 349.28 271.20 271.20 0.36
Reinforcement Max. Capacity Ratio: 0.36
Pattern All sides equal
Bar layout Rectangular
Cover to Longitudal bars
Clear cover 1.5 in
Bars 4#14
Confinement type Tied
Total steel area, A, 9.00 in?
Rho 2.25 %
Min. clear spacing 13.61 in
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5. ShearStrength

Shear strength of the slab in the vicinity of columns/supports includes an evaluatiomayosieear (beam action)
and twoeway shear (punching) in accordance with ACI 318 Chapter 22.

5.1.One-Way (BeamAction) Shear Strength
ACI 31814 (22.5

Oneway shear is critical at a distandérom the face of the column as showrFigure3. Figure21 andFigure

22 show the factored shear forceg,)( at the critical sections around each column and each drop panel,
respectively. In members without sheginforcement, the design shear capacity of the section equals to the design
shear capacity of the concrete:

= X, M f(V, FO¥ ACI 31814 (Eq. 22.51.1)
Where:
N, = f2 2 /[%h, *d AC| 31814 (Eq. 22.5.5.1)

Note: Thecalculations below follow one of two possible approaches for checkingvapehear. Refer to the

conclusions section for a comparison with the other approach.
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5.1.1. At Distanced from the Supporting Column

14. 255:118 10 &30 :13(()) g
Nyeighted = 30 ¢ T41.42 in.
0.75

d, =11.42 - 0757 ¥0.291i

Wherea= 1for normal weight concrete

V., =0.7532.0 1.0 “§’OOOO (30 12§ 10.29 39297k

Because V>V, at all the critical sections, the slab has adequaterayeshear strength.

Shear diagram (kips)

108.83 124.69 140.55 125.77

94.05 109.91 :
] ~ S | ] — -
f=-13.04 ft = \“\.\\ a %» 16.96 ft —= “‘\\.\.\\ I
~L 109, 91 / 94 .05

140.55 124.69

-

108.83

V (@ Column Centerline
—~~~ V (@ Distance d from Column Face

Figure21i Oneway Shear aiCritical Sections (aDistanced from theFace of theSupportingColumn)
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5.1.2. At the Faceof the Drop Panel
h=10in.
d =10.00 -0.75 0775 &88ir
Wherea= 1for normal weight concrete
fV.=0.7532.0 1.0 3,000 (30 12} 8.88 33888 ki
1,000
Because V.> V, at all the criticakections, the slab has adequate-wag shear strength.
Shear diagram (kips)
108.83 124.69 140.55
6514 % 81.00 VT 9086
\\\\\ . l \\\\\“-\
~13.04 6t~ T 7 S~ 16.96 ft — %
96.86 < 81.00 65.14
140 55 ‘ 124.69 108.83
X, ft

V (@ Column Centerline
~~~~ V (@ Drop Panel Face

Figure22i OneWay Shear aiCritical Sections (at thé&ace of theDrop Panel)
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5.2. Two-Way (Punching) ShearStrength
ACI 31814 22.6

5.2.1. Around the Columns Faces

Two-way shear is critical on a rectangular section locateReaway from the face of the column as shown

in Figure18.

a) Exterior column:

The factored shear forc¥) in the critical section is computed as the reaction at the centroid of the critical
section minus the selfieight and any superimposed surface dead and live load acting within the critical
section ¢/2 away from column face)

V,=V -q (h b) 108.83 0.334%2%38 106.79 kif
¢

The factored unbalanced moment used for shear traMsfgris computed as the sum of the joint moments
to the left and right. Moment of the vertical reaction with respect to the centroid of the critical section is also

taken into account.

; 5 826.56- 8.18-2> O
Myp=M ¥, 3 Cu 2-833171 10679 > 2 § 257.12 ftki
(o =

For the exterior column iRigure18the location of theentroidal axis z is:

_ moment of area of the sides about AB b? _ 6.5 218 in
"e area of the sides b b, 23 26.56 +33.13 '
Where
bl:cl% 20 1—31-}3 2656 in b,=c, dd 20 1313 3F13ir

The polar momeni. of the shear perimeter is:

h

Qo

. Aped dstf 50 .
Jc-zaﬁi (b )853 CAB'ggt%JdQB
% 6
3, _zgw MG(%% 1331)33"" 2656 888 3343 13.23 &
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J, =98,243 irf

g=1-g E 063 03l

Where:
g = 1
o
1+g 3 g
3 \b,
g=— 1 __ 163
2 ,/26.56
3 V33.13

The length of the criticgberimeter for the exterior column:

b,=2 % b 2-26%56 3313 86.25i

The twoway shear stressy) can then be calculated as:

_ VY, 85 My, T

u unb

vV =
“"bed J

c

ACI 31814 (Eq.8.4.4.2.2)

ACI 31814 8.4.2.3.2

AC|1 31814 R.8.4.4.2.3

_106.79 1,000 0.37 (257.12% 1231,000) 3Slg434 96.04 180.38p

V
v~ 86.260 13.13 98,243
e s
| |
1404 3l 1
vC:minkf;g & 8/3 % 11
e o= 1
T2, . ~ i
1550 T
ic b + !
é a
I 13 ]
10 4“55000 i 628284 0
v, =minj &2 £ 82 /5,000 L min p24.28 1282.84 |
¢ - - I jaba2sy !
1830°1313 ) &) s |
(& g626 = 9 i,

fv,=0.753282.84 212.13p

ACI 31814 (Table22.6.5.2)

Because y> v, at the critical section, the slab has adequateviay shear strength at this joint.
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b) Interior column:

533.13 33.13

V,=V -q, (o b (14055 12469 0'334‘3@Tg 262.70 ki
(o -

(80%52 7218p 25635 )0 B5.67=ft-ki

<

I

<

X
O

£

@

N [0
o

For theinterior column inFigure 18, the location of theentroidal axis z is:

¢, =2 3313 15 56in
2 2
Where
b=c 4 20 1313 33131 b,=c, {d 20 1313 3Z13ir

The polar momenl. of the shear perimeter is:

ébl3d3 d 3p°

Qo
o

oo’

0

J. =2 + = d)3 3 5 a2 +d 3¢
J.=2 3333'19 13.13 +13'13 33.13 (38.13 133.1)3 ( )f38 2 33.18 13.13 16*

c 12 12 s
J. =330,518 irf.
g =1-g ¥ 060 0.4( ACl 31814 (Eq.8.4.4.2.2)
Where:

1
g == ACl 31814 8.4.2.3.2
1+g 3 E
3 \b,
1

g =———— $9.60
1+g 3 ,33.13
3 V33.13
The length of the critical perimeter for the interior column:

b,=2{h B) 2=(33.13 3343 13250i
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The twoway shear stressy) can then be calculated as:

v, =

u

- 93M

3C pg

u unb

b2 d J

Cc

ACI 31814 R.8.4.4.2.3

d‘

S

PTM
+ 1Ot
o teo
I%pz

-
a

—->—>—)—)—»—>—)—)—>m:
fe) go VO%QJO
O\ e

o T

(=)

1 35,000

5,000

2 1 5,00

NN

40° 13. 13
132.50

——) =) =) —/—) =) =) (D
SD° 'C'EBOQ” -b
Tl-

< —) i Y B e

O

fv,=0.753282.84 212.13p

) ) ) ) ) —

_262.7G 1,000 0.4CG (85.67° 12 31,000) 16. 5%51 06 20.61 1%1.66 p
13250 13. 13

330,518

ACI 31814 (Table22.6.5.2)

6262.84 0
il 724,26 u2%284[
(4P1.60 g

Sincet y> vy at the critical section, the slab has adequateviap shear strength at this joint.
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¢) Corner column:

In this example, interior equivalent frame strip was selected where it only has exterior and interior supports
(no corner supports are included in this strip). However, thewsay shear strength of corner supports
usually governs. Thus, the tweay sheasstrength for the corner column in this example will be checked

for educational purposes. Same procedure is used to find the reaction and factored unbalanced moment used

for shear transfer at the centroid of the critical section for the corner suppbse odterior equivalent frame

strip.
V,=V -q, (b b) 6193 0.334%—26.5554426.56% 60.29 ki
G =
a 20 5
MooM v & ¢ 6 a@6.536— 6.64%2 5 _
w =M V, 88 cz —-518751 6029, 2 = ¢ 137.68ft-kif
c 2 = P 12 o
(o +

For thecornercolumn inFigure 18, the location of theentroidal axis z is:

_ moment of area of the sides about AB b? _ 6.5 664 in
ne area of the sides 3h b, 28 26.56+26.56
Where
bl:cl% 205’2—13 2656 in bzzczi% 205253 2656 in

The polar momenl. of the shear perimeter is:

_8prd® d e ah, = b0 2
Jc—éﬁﬁ*ﬁ (B d EEE CAB-QQQ ¢ Ga

3 : % &
- 2656 1313 | 13.13 26.86 o0 5g 131y 29%6'566.6489 2656 13.23 62
¢ Tz

NA B 5
& 12 12
J, =56,251in
g=1-g E 060 0.4 ACI 31814 (Eq.8.4.4.2.2)
Where:
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1
g =——— ACI 31814 8.4.2.3.2
1+g 3 g
3 \b
g= 1 ___ 60
2 ,[3313
3 {33.13

The length of the critical perimeter for the corner column:

b,=h # 2656 26.56 53.13i

The twoway shear stressy) can then be calculated as:

= Yo G My T ACI 31814 R.8.4.4.2.3
b,° d J

c

60.2% 1,000 0.4C° (137.66° 12 31,000) %6.64. - o o

v, = 164.48 p
53.1F 13. 13 56,251

SN
w
~
w
—h

ACI 31814 (Table22.6.5.2)

Q@

w

— ) =) =) i) =) =) (]
fe) go vo%g)o
S
-0 O
>
P

1 3/5,000
+‘11 93 5,000

§282.84
min $#24.26 (;282.84 [
§490.82 !

?ﬁo“”

Do vO

208 13. 13 0
53.13 81

< —) i Y B e

—— =) =) —r—) —) - D:

Lol

fv,=0.753282.84 212.13p

Sincet y> vy at the critical section, the slab has adequateviay shear strength at this joint.
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5.2.2. Around Drop Panels

Two-way shear is critical on a rectangular section locatekReaway from the face of the drop panel.

Note: The twoway shear stress calculations around drop panels do not have the term for unbalanced moment

since drop panels arelsickened portion of the slab and are not considered as a support.

a) Exterior drop panel:

V,=V -q (g b 108.83 0.2-702874"31‘5#88 90.84 ki
(; -

The length of the critical perimeter for the exterior drop panel:

b, =2 374.44 128.88 277.75i

The twoway shear stress can then bealculated as:

v, =14 AC1 31814 (R.8.4.4.2.3)

_90.84 1,000

vV, = —— " =36.85psi
277.75 8.88

N
w
~
w
—h

[>] .

ACI 31814 (Table22.6.5.2)

1-O: O

go Ve %mo
S

— =) =) =) =) = = (D
@
o ©

O
O

; a
| |
P i 282840
v, =minj % < 82 /8,000 b min #24.26 (1269.20 |
76 i ohgog 1
: : §209.20
i i
I y

fv,=0.753209.20 #56.90 p

Sincet y> vy at the critical section, the slab has adequatevay shear strengtéround this drop panel
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b) Interior drop panel:
V,=V -q (4 b) 148.55 124:69 0.27023%887 234.%0 ki
g -

The length of the critical perimeter for the interior drop panel:

b, =2 {128.88 128.88 51550

The twoway shear stress/f) can then be calculated as:

v, = Vo AC| 31814 (R.8.4.4.2.3)

““g2id . AcusliRS442
v, = 234.13¢ 1,000 51.17 ps
515.5¢ 8.88

[ (
243 1 3 i

v, =min| & % 0% 4 | ACI 31814 (Tahle22.6.5.2)
% - i
T8, 5 = i
FOLIVS S
ic b + i
8 a
1 231 3 |
74° 155,000 T 5282840

—mintd 4 0 [I— d -

vV, =minj o2 -l-1 0% 5,000 u mn #124.26 (31190.12
}‘5403 es s I j1boaz |
a .
1 +2 5,0007
{ ®515.50 gL v

fv,=0.753190.12 442.59p

Sincet y> vy at the critical section, the slab has adequatevway shear strengtéiround this drop panel
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¢) Corner drop panel:
V,=V -q (g B)=61.93 0.270 2;%48 51.54 ki
¢
The length of the critical perimeter for the corner drop panel:
b, =74.44 +74.44 -148.88i
The twoway sheastress ) can then be calculated as:
V
v, =1 AC| 31814 (R.8.4.4.2.3)
b,2 d
v, = 51.54 1,000 -39.01 ps
148.88 8.88
€ [
Lo s off; !
v, = minglg % NER ! ACI 31814 (Table22.6.5.2)
¢ - i
T8, 5 i
1aa d,2 8!/ Ji
fc b {
¢ a
I 3 |
P4 5000 1 §262.84 0
_ .14, 40 L é
vc—m|n|£4i @E 5,000 U min 124.2 u22573[
¢ == T obs73y |
1&203 8. 88 831 1
{&14888 2 {,

fv, =0.75 225,73 469.30 p

Sincet y> vy at the critical section, the slab has adequatevway shear strengtéiround this drop panel
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6. Serviceability Requirements Deflection ChecK

Since the slab thickness was selected below the minimum slab thickness tables in A@| 83 deflection
calculations of immediate and tintkependent deflections are required and shown below including a comparison

with spSlabmodel results.
6.1. Immediate (Instantaneous)Deflections

The calculation of deflections for twweay slabs is challenging even if linear elastic behavior can be assumed.
Elastic analysis for three service load lev&ISD + Lsustained D+Lrun) is used to obtain immediate deflections of
the twoway slab in this example. However, other procedures may be used if they result in predictions of

deflection in reasonable agreement with the results of comprehensive tests. ACI 31814 24.2.3

The effective moment of inertide) is used to account for the cracking effect on the flexural stiffness of the slab.
lefor uncracked sectiorMc > Ma) is equal tolg. When the section is crackebld < Ma), then the following

equation should be used:

° 3. e o 3

|e:%'\\% 91, a M B s, ACI 31814 (Eq. 21.2.3.54)
M, 20 g M

Where:

Ma = Maximum moment in member due to service loads at stage deflection is calculated.

The values of the maximum moments for the three service load lreetslculated from structural analysis as

shown previously in this document. These momargsshown irFigure23.
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@ ® © ©),
M _v.r_\f_ _1,:\__ A
_}‘.‘_ & ,d : _— e .L._,.. B "'-q & 2 <
AL AL Al Ial
Moment diagram (ft-kips)
1. DL
2. DL + LLgystained
434 41 43441
o %&jg% 388'4% o
107.56
197.23 197.23
x, ft

* —_ -
Moment values @ columns centerlines

Moment diagram (ft-kips)
3. DL+ LLgy

611.14 611.14
546.48 546.48

. 2 7

278.14 152.03 27814

* — -
Moment values @ columns centerlines

Figure231 Maximum Moments for the Three Service Load Levdle live load is sustained in this example)

For positive moment (midspamgction:

Mer = cracking moment.

f3]
M=t le 53033 30,000, 1 04040 ACI 31814 (Eq. 2.2.3.5b)

“ A 5 122 1,000

fi = Modulus of rapture of concrete.

f=75% Jfi 75 105000 53633 AC1 31814 (Eq.19.2.3.1)
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I3 = Moment of inertia of the gross uncracked concrete section

_1,3h* (30312 310

30,000 ir?’
g 12 12

y: = Distance from centroidal axis of gross section, neglecting reinforcement, to tensian.face,

o« = moment of inertia of the crackegctiontransformedo concrete PCA Notes on ACB1811 (9.5.2.9

As calculated previously, the positive reinforcement for the end span frame strip is 23 #6 bars located at 1.125 in.

along the section from the bottom of the s[@wo of these bars are not continuous and wilcbeservatively

excluded from the calculation &f since they might not be adequately developed or tied (21 bars areTused)

Figure belowshows all the parameters needed to calculate the moment of inertia of the cracked section

transformed to concrete at midspan.

I b=1, } #
T ” T
h ﬁ T n=Es/Ee¢ N.A.
i e 000 60900 6 e ¢ 9 - |
Tension nAs

Figure24i Cracked Transformed SectioRasitive MomentSection)

Ecs = Modulus of elasticity of slab concrete.

E.=w.":333[fj #0° 38,/5000 4,287 103 ACI 318-14(19.2.2.1.3)

= E. 29,000,000
E. 4,287,000

CS

PCA Notes on ACI 3181 (Table 182)

b 30012

= 576in:t PCA Notes on ACI 3181 (Table 182)
n3A 67621 9.4%

kd=\/23d 3B # 1- y2 888 5% 1 %

E59 in. PCA Notes on ACI 3181 (Table 162)
B 5.76

_ b3 (kd)®

Icr
3

A A (¢ kd? PCA Notes on ACB1811 (Table 182)

cr

:w £.76 (21 04) (888 199 37209591

61



Structure Point

CONCRETE SOFTWARE SOLUTIONS

slab

For negative momergection(near the interior support of the end span)

The negative reinforcement for the end span frame strip near the interior support is 32 #6 bars locateithat 1.125

along the section from the top of the slab.

foel; 53033 53,445 , 1

M, = 461.42 ft-kip ACI 31814 (Eq. 2.2.3.5b)
Y, 5 123 1,000
f,=75% i 75 1.8/5000 53633y ACI 31814 (Eq.19.2.3.1
|, =53,445 irt
y, =5.88in.
I 30'-0" |
n f
5.88" I
1 10"
* 14.25" NA
8.37" ’—

i 10-0" |

Figure25i |4 Calculations for Slab Section Near Support

E.=w’2333[fj #0° 38,5000 4,287 0% ACI 31814 (19.2.2.1.a)

E, _29,000,000
E 4,287,000

CS

n= PCA Notes on ACI 3181 (Table 182)

b, _ 1012

B= E26in:? PCA Notes on ACI 3181 (Table 162)
n3A 676932 0.4

kd=\/23d 3B ¥ 1- y2 1313 1.7 1 %

384 in. PCA Notes on ACI 3181 (Table 162)
B 1.26

cr

b2 (kd)’ 2
I :T f A (¢ kd PCA Notes on ACI 3181 (Table10-2)

_10° 12 3(3.84)

cr

6.76 (332 4% ( 8.13 3.92 10476
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| b |
] As
co0eee oTo oo e ole Tension S ——
h T —E./E
'I'Pp _L (; 17 5/ c
| ‘ | N.A.
| 1 | N 1 |
I b | im'J

Figure26i Cracked Transformed SectioNdgativeMomentSection)

The effective moment of inertia procedure described in the Code is considered sufficiently accurate to estimate
deflections. The effective moment of inertla, was developed to provide a transition between the upper and
lower bounds oflg and I as a function of the ratid./Ma. For conventionally reinforced (nonprestressed)
members, the effective moment of inertig,shall be calculated by Eq. (24.2.3.5a) unless obtained by a more
comprehensive analysis.

le shall be permitted to be taken as the value obtained from Eq. (24.2.3.5a) at midspan for simple and continuous
spans, and at the support for cantilevers ACI 31814 24.2.3.7

For continuous onway slabs and beanigshall be permitted to be taken as the average of values obtained from
Eq. (24.2.3.5a) for the critical positive and negative moment sections. ACI| 31814 (24.2.3.6)

For the middle span (span with two ends continuous) with service load emdl §):

SinceM¢, = 401.42 ftkips <M, = 546.48 ftkips

é O
01, a & . ACI 31814 (24.2.352
2 g M

Wherele is the effective moment of inertia for the critical negative moment section (near the support).

| _3401.42% e @142 %
I, = 853,445 61 - BLB476 27506 fr
546.48 ¢ § 8648 |p

2 =1, =80,000in’ ,sinc®l , =265.17 ft-kipdv>, =152fbkips

9
Wherel¢" is the effective moment of inertia for the critical positive moment section (midspan).

Since midspan stiffness (including the effect of cracking) has a dominant effect on deflections, midspan section
is heavily represented in calculationl@and this is considered satisfactory in approximate deflection calculations.
Both the midspan stiffness:{) and averaged span stiffne$sa(g can be used in the calculation of immediate

(instantaneous) deflection.
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The averaged effective moment of inertiga{g is given by:
loag=0.7037 ©.15 (1, | 3 for interior spa PCA Notes on ACI 3181 (9.5.2.4(2))
loag=0.8537 @.151 3 for end spe PCA Notes on ACI 3141 (9.5.2.4(1))

However, these expressions lead to improved results only for continuous prismatic members. The drop panels in
this example result in neprismatic members and the following expressions should be used according to ACI
31889:

=050, ©.25 (1%, | 3 forinterior spa ACI 435R 95 (2.14)

I e avg

For the middle span (span with two ends continuous) with service loadDemdl (y):

I =0.50 330,000 ©.25( 327,506 27,5906 28,753

e avg

=050, ©.501 3 forend spe ACI 435R95 (2.14)

I e avg

For the end span (span with one eodtinuous) with service load levéd{LLu):

=0.50 326,502 9©.50 22,649 24,577

Ie,avg
Where:

1 ley = The effective moment of inertia for the critical negative moment section near the left support.
1 le;”= The effective moment of inertia for the criticedgative moment section near the right support.

1 l¢" = The effective moment of inertia for the critical positive moment section (midspan).

Thefollowing Tableprovides a summary of the required parameters and calculated values needed for deflections

for exterior and interior spans.
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Table 6 - Averaged Effective Moment of Inertia Calculations
For Frame Strip
Ma (ft-kip) le(in.%) leavg(in.?)
Span zone (irlﬁ“) (iln°.r4) 5 D+ D+ (::/! fctr) 5 D+ D+ b D+ D+
LL sus L fun LL sus L fun LL sus L fun
Left 53,445 | 10,476 | 179.72 179.72 | 252.80 | 401.42 | 53,445 | 53,445 | 53,445
Ext Midspan 30,000 | 3,800 197.23 197.23 | 278.14 | 265.17 | 30,000 | 30,000 | 26,502 | 37,190 | 37,190 | 24,577
Right 53,445 | 10,476 | 434.41 | 434.41 | 611.14 | 401.42 | 44,379 | 44,379 | 22,653
Left 53,445 | 10,476 | 388.46 | 388.46 | 546.48 | 401.42 | 53,445 | 53,445 | 27,506
Int Mid 30,000 | 3,800 | 107.56 | 107.56 | 152.03 | 265.17 | 30,000 | 30,000 | 30,000 | 41,723 | 41,723 | 28,753
Right 53,445 | 10,476 | 388.46 | 388.46 | 546.48 | 401.42 | 53,445 | 53,445 | 27,506
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Deflections in tweway slab systems shall be calculated taking into acaizmtind shape of the panel, conditions

of support, and nature of restraints at the panel edges. For immediate deflectiomsvay slab systemshe
midpaneldeflection is computed as the sum of deflection at midspan of the column strip or column line in one
direction(gax or qry) and deflection at midspan of the middle strip in the orthogonal direchisof gany). Figure

27 shows the deflectiomomputationfor a rectangular panelThe averagep for panels that have different

properties in the two direction is calculated as follows:

D+ + D
D —( = @) 2( Y mQ) PCA Notes on ACB1811 (9.5.3.4 Eq. 8
Assumed Direction Assumed
Support Line ™ ~~ Support Line

\ of Analysis
Acx
\

v ~x v /\ X
v Assumed Assumed ¥
/ Support Line Support Line L
Direction
of Analysis
a) X Direction Bending b) Y Direction Bending

B (Acx + Anw) + (Acy + Amx)
B 2

c) Combined Bending

Figure27i1 Deflection Computation for a Rectangular Panel
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To calculate each term of the previous equation, the following procedure should béiaisex8 shows the
procedure of calculating the temy. Same procedure can be used to find the other terms.

Acx = Ac‘x.ﬁ‘ced + Agf:‘c.R + Agf‘l’l
A - LDF A Iﬁnme=mvi‘(7ge ’ I ‘I I
— L% ﬁﬂmﬁm,><7Ar A@CR:GCRX[ }x _£ AB_, =6, x| - |x £
By SRS VAR EERC ATy
ame 1 € S fiame
LDF + LDF,
LDF* +¥ 0. - ( net R )ﬁ'ame 0. - ( net, L )ﬁ-amg
— LDFC = 3 ¢ R T K@( c.L Ke(
A B wxl?
_— frame. fived
38AXE X1 e

Figure2871 g3y CalculationProcedure

For end spanservice dead load case:

: ws |
Dframe fixed 3843 E 3|
C

PCA Notes on ACB1811 (9.5.3.4 Eqg. 1D

frame averaged

Where:
Oprame_fixea= Deflection of column strip assuming fix@hd condition.

w=220 450 X 83p 450"
12 2 ft
(; -

E.=w." 83 ffj 150° 33/5000 4,287 £0 § AC|31814(19.2.2.1.a)

Irame,averaged The averaged effective moment of inerliga(g for the frame strip for service dead load case from
Table 6= 37,190in.*

4,35 30 12
384° (4,287310 ) 337,190

Dframe fixed

6.0995 in

|
fr averaged
:| 3 ame, g
Dc, fixed DFC er\e fixed

I PCA Notes on ACB1811 (9.5.3.4 Eq. 11

c.g
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For this example and like in tie@Slabprogram, the effective moment of inertia at midspan will be used.

LDF. is the load distribution factor for the column strip. The load distribution factor for the column strip can

be found from the following equation:

LDE* + LDF” +LDF;

LDF =
c 2

And the load distribution factor for the middle strip can be found from the following equation:
LDF, =1 -LDF,

For the end spar,DF for exterior negative regiorLDF.9), interior negative regionLDFr$), andpositive
region (DF_ ) are 1.00, 0.75, and 0.60, respectively (Froable 2of this document). Thus, the load

distribution factor for the column strip for the end span is given by:

0.6+ 1:0+0.75
LDF =f2 2.738

lc.g= The gross moment of inerti&) for the column strip for service dead load = 15,000

D, fxea 0.738 ©.0995 30,000 0=1467 i
' 15,000
— (M net, L) frame
q. = Kk PCA Notes on ACB1811 9.5.3.4 Eq. 1?
Where:

d:,L = Rotation of the left support
(MnetDrrame = 179.72 ftkips = Net frame strip negative moment of the left support

Kec = Effective column stiffness = 1,628.6710° in.-Ib (calculated previous)y

_179.728 12 31,000

- -0.0013 &d
%=1 62867310
2 sal. 6
Dy, =g %% 83%»& 5 PCA Notes on ACB1811 ©.5.3.4 Eq. 1%
Q TQ e frame
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Where:
aalc,. = Midspan deflection due to rotation of left support.

(Ig/ le)trame= Gross to effective moment of inertia ratio for frame strip.

3
Dg,, =0.0013 3912 30,000 4 q401 5
: 8 37,190

M _ 3 3
g .= ( net, R) frame _(434'41 388'46) 612 1,000 6.0003 rac
: K 1,628.43 10

ec

Where:
d:r = rotation of the span right support.

(Mretp)irame = Net frame strip negative moment of the right support.

303,12 30,Q00
8 37,190

[e]]

ch,R :gR é%

al,

Cle

0.6003 0.0123ir

0
e

e}

g

me

Where:

g g = Midspan deflection due to rotation of right support.

PCA Notes on ACB1811 9.5.3.4 EqQ. 9

Dcx = (:Q fixed ﬂcx!?? @Z L
D, .1467 ©.0123 6.003 ©:2070

Following the same procedurgy.y can be calculated for the middle strip. This procedure is repeated for the
equivalent frame in the orthogonal direction to obtgiy and gy for the end and middle spans for the other

load levels D+LLsusand D+LLsyn).

Since in this example the panel is squatpds qay= 0.2170in. andnx= gamy= 0.1126in.

The averagepfor the corner panel is calculated as follows:

b (D + J;;)z(+cyD o} Dé «D #)D( .= R) ©.ZL70 =0.1126 +0.3196 i

cy
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‘ Table 7 - Immediate (Instantaneous) Deflections in the xlirection |
| Column Strip || Middle Strip |
D D
Span LDF cp.rame— qlfixed dcl ch Cp dl Cp G-Z Cnx' LDF q?rame— Cpn—fixed d-ml dmZ Cp Gﬁl Cp Gﬁz Cpnx
(fi’;fd) (in.) (rad) (rad) (in.) (in.) (in.) (fixned) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.0995 | 0.1467 | 0.0013 0.0003 0.0481 0.0123 | 0.2070 0.263 | 0.0995 | 0.0522 | 0.0013 0.0003 0.0481 0.0123 | 0.1126
Int 0.675 | 0.0886 | 0.1197 | -0.0003 | -0.0003 | -0.0110 | -0.0110 | 0.0978 0.325 | 0.0886 | 0.0576 | -0.0003 | -0.0003 | -0.0110 | -0.0110 | 0.0357
D+LL gus D+LL sus
Span LDF q).rame- ql-fixed dcl dcz CP dl CP dz qlx LDF (p.(ame- q)n-fixed dml dmz Cp G;l q) Gﬁz Cth
(fiﬁd) (in.) (rad) (rad) (in.) (in.) (in.) (fixne”) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.0995 | 0.1467 | 0.0013 0.0003 0.0481 0.0123 | 0.2070 0.263 | 0.0995 | 0.0522 | 0.0013 0.0003 0.0481 0.0123 | 0.1126
Int 0.675 | 0.0886 | 0.1197 | -0.0003 | -0.0003 | -0.0110 | -0.0110 | 0.0978 0.325 | 0.0886 | 0.0576 | -0.0003 | -0.0003 | -0.0110 | -0.0110 | 0.0357
D+LL full D+LL full
Span LDF Cﬂ.rame- ql-fixed dcl dcz Cp dl Cp dz qlx LDF q].'ame- q)n-fixed dml dmz q) @1 q) q:lz q)nx
(fixne") (in.) (rad) (rad) (in.) (in.) (in.) (fixned) (in.) (rad) (rad) (in.) (in.) (in.)
Ext 0.738 | 0.2128 | 0.2772 | 0.0019 0.0005 0.1023 0.0262 | 0.4057 0.263 | 0.2128 | 0.0987 | 0.0019 0.0005 0.1023 0.0262 | 0.2272
Int 0.675 | 0.1819 | 0.2455 | -0.0005 | -0.0005 | -0.0224 | -0.0224 | 0.2008 0.325 | 0.1819 | 0.1182 | -0.0005 | -0.0005 | -0.0224 | -0.0224 | 0.0735
LL LL
Span | LDF el LDF e
(in.) (in.)
Ext 0.738 | 0.1987 0.263 | 0.1146
Int 0.675 | 0.1030 0.325 | 0.0378
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6.2. Time-Dependent Long-Term)De f | ect)i ons ( o

The additional timedependent (longerm) deflection resulting from creep and shrinkdge) may be

estimated as follows:

D. Fp € o s PCA Notes on ACI 3181 (9.5.2.5 Eq. %

The total timedependent (longerm) deflection icalculated as:

(Dtotal)|[ :( J%[)Ins'[ (:E /D-)- g -'{Ota|)lnst ( SUS)InstE CSA A23.304 (N9825)

Where:

(pus)inst = Immediate (instantaneous) deflection due to sustained load, in.

. :ﬁ- ACI 31814 24.2.4.1.]

(qRota)t = Time-dependent (longerm) totaldeflection, in.
(qaota)inst = Total immediate (instantaneous) deflection, in.
For the exterior span

3= 2, consider the sustained load duration to be 60 months or more.  ACI 31814 (Table 24.2.4.1.8

$N§ 0, conservatively.

2
/Dzi
1+50 30

D, = 0.2070 G:4140ir

(Dgw), 0-2070 (1 2+ ( 0w4057 0.20y0 0.8197
TheTable 8shows longterm deflections for the exterior and interior spans for the analysis irdfrection,

for column and middle strips.
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Table 8 - Long-Term Deflections
Column Strip
Span ( &)inst (in.) p Qs (in.) ( @a)inst (in.) ( @) (in.)
Exterior 0.2070 2 0.4140 0.4057 0.8197
Interior 0.0978 2 0.1955 0.2008 0.3963
Middle Strip
Exterior 0.1126 2 0.2251 0.2272 0.4523
Interior 0.0357 2 0.0714 0.0735 0.1449
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7. spSlabSoftware Program Model Solution

spSlabprogram utilizes the Equivalent Frame Method described and illustrated in details here for modeling,
analysis and design of twway concrete floor slabystemswith drop panelsspSlabuses the exact geometry and
boundary conditions provided as input to perform an elastic stiffness (matrix) analysis of the equivalent frame
taking into account the torsional stiffness of the slabs framing into the column. It also takes into account the
complications introduced by a large number of parameters such as vertical and torsional stiffness of transverse
beamsthe stiffening effect ofiroppanels, column capitals, and effective contributiboolumns above and below

the floor slab using the equivalent column cond@@l 31814 (R8.11.4).

spSlabProgrammodelsthe equivalent frame as a design strip. The design strip is, then, separategidiynto
column and middle strips. The program calculates the internal forces (Shear Force & Bending Moment), moment
and shear capacity vs. demand diagrams for column and middle Bis@s)taneous and losigrm deflection

results, and required flexural reinforcement for column and middle strips.
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slab.

spSlab v10.00 (TM)

A Computer Program for Analysis, Design, and Investigation of
Reinforced Concrete Beams, One-way and Two-way Slab Systems
Copyright © 1992-2024, STRUCTUREPOINT, LLC.

Al rights reserved

Structure Point

Licensee stated above acknowledges that STRUCTUREPOINT (SP) is not and cannot be responsible for either the accuracy or adequacy of the material supplied
as input for processing by the spSlab computer program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to the
correctness of the output prepared by the spSlab program. Although STRUCTUREPOINT has endeavored to produce spSlab error free the program is not and
cannot be certified infallible. The final and only responsibility for analysis, design and engineering documents is the licensee's. Accordingly, STRUCTUREPOINT
disclaims all responsibility in contract, negligence or other tort for any analysis, design or engineering documents prepared in connection with the use of the spSlab
program.Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4
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STRUCTUREPOINT - spSlab v10.00 (TM) Page | 2
Licensed to: StructurePoint, LLC. License ID: 00000-0000000-4-2B1B4-2B1B4 51712025
F:\StructurePoint\spSlab\DE-Two-Way-Flat-Slab-with-Drop-Panels-ACI|-318-14.slbx 5:19 PM
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1. Input Echo
1.1. General Information

File Name ...\DE-Two-Way-Flat-Slab-with-Drop-Panels-ACI-
Project Two-Way Flat Slab with Drop Panels ACI 318-14
Frame Interior Frame

Engineer SP

Code ACI 318-14

Units English

Reinforcement ASTM A615

Database

Mode Design

Number of supports = 4 + Left Cantilever + Right Cantilever
Floor System Two-Way

1.2. Solve Options

Live load pattern ratio = 0%

Minimum free edge distance for punching shear = 4 times slab thickness.

Circular critical section around circular supports used (if possible).

Deflections are based on cracked section properties.

In negative moment regions, Ig and Mcr DO NOT include flange/slab contribution (if available)
Long-term deflections are calculated for load duration of 60 months.

0% of live load is sustained.

Compression reinforcement calculations NOT selected.

Default incremental rebar design selected.

User-defined slab strip widths NOT selected.

User-defined distribution factors NOT selected.

One-way shear in drop panel selected.

Distribution of shear to strips NOT selected.

Beam T-section design NOT selected.

Longitudinal beam contribution in negative reinforcement design over support NOT selected.
Transverse beam contribution in negative reinforcement design over support NOT selected.

1.3. Material Properties
1.3.1. Concrete: Slabs / Beams

We 150 pcf
s 5 ksi
= 4286.83 ksi
fr 0.53033 ksi

1.3.2. Concrete: Columns

We 150 pcf
f 6 ksi
Ec 4695.98 ksi
fe 0.580948 ksi

1.3.3. Reinforcing Steel
f, 60 ksi
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fu 60 ksi
E, 29000 ksi
Epoxy coated bars No

1.4. Reinforcement Database

Size Db
in

#3 0.38
#5 0.63
#7 0.88
#9 1.13
#11 1.41
#18 2.26

1.5. Span Data
1.5.1. Slabs
Notes:

Ab

0.11
0.31
0.60
1.00
1.56
4.00

Wb
Ib/ft
0.38

2.04
3.40
5.31
13.60

Size

~o 83 E

Db

0.50
0.75
1.00
1.27
1.69

*a - Deflection check required for panels where slab thickness (t) is less than minimum (Hmin).
Deflection check required for panels where code-specified Hmin for two-way construction doesn't apply due to:
*i - cantilever end span (LC, RC) support condition

Span Loc L1 t wL
ft in ft
1 Int 0.833 10.00 15.000
2 Int 30.000 10.00 15.000
3 Int 30.000 10.00 15.000
4 Int 30.000 10.00 15.000
5 Int 0.833 10.00 15.000
1.6. Support Data
1.6.1. Columns
Support cla c2a Ha
in in ft
1 20.00 20.00 13.000
2 20.00 20.00 13.000
3 20.00 20.00 13.000
4 20.00 20.00 13.000
1.6.2. Drop Panels
Notes:
*b - Standard drop.
Support h LI Lr wi Wr
in ft ft ft ft
1 4.25 0.833 5.000 5.000 5.000 *b
2 4.25 5.000 5.000 5.000 5.000 *b
3 4.25 5.000 5.000 5.000 5.000 *b
4 425 5.000 0.833 5.000 5.000 *b
1.6.3. Boundary Conditions
Support Spring Far End
K, Ky Above Below
kips/in kip-in/rad
1 0.00 0.00 Fixed Fixed

wR

ft
15.000
15.000
15.000
15.000
15.000

cib

20.00
20.00
20.00
20.00

L2L

ft
30.000
30.000
30.000
30.000
30.000

c2b

20.00
20.00
20.00
20.00

L2R

30.000
30.000
30.000
30.000
30.000

Page | 5
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Ab Wb
in? Ib/ft
0.20 0.67
0.44 1.50
0.79 2.67
1.27 4.30
2.25 7.65
Humin
in
- LC*i
10.30 *a
9.44 -
10.30 *a
- RC™i
Hb Red %
ft
13.000 100
13.000 100
13.000 100
13.000 100
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Support Spring Far End
K, Ky Above Below
kips/in Kip-in/rad
2 0.00 0.00 Fixed Fixed
3 0.00 0.00 Fixed Fixed
4 0.00 0.00 Fixed Fixed
1.7. Load Data
1.7.1. Load Cases and Combinations
Case SELF Dead Live
Type DEAD DEAD LIVE
U1 1.200 1.200 1.600
1.7.2. Area Loads
Case/Patt Span Wa
psf
SELF 1 125.00
2 125.00
3 125.00
4 125.00
5 125.00
Dead 1 20.00
2 20.00
3 20.00
4 20.00
5 20.00
Live 1 60.00
2 60.00
3 60.00
4 60.00
5 60.00
1.7.3. Line Loads
Case/Patt Span Wa La Wb
plf ft plf
SELF 1 531.25 0.000 531.25
2 531.25 0.000 531.25
2 531.25 25.000 531.25
3 531.25 0.000 531.25
3 531.25 25.000 531.25
4 531.25 0.000 531.25
4 531.25 25.000 531.25
5 531.25 0.000 531.25
1.8. Reinforcement Criteria
1.8.1. Slabs and Ribs
Units Top Bars Bottom Bars
Min. Max. Min. Max.
Bar Size #6 #6 #6 #6
Bar spacing in 1.00 18.00 1.00 18.00
Reinf ratio % 0.18 2.00 0.18 2.00
Clear Cover in 0.75 0.75

There is NOT more than 12 in of concrete below top bars.

Lb

0.833
5.000
30.000
5.000
30.000
5.000
30.000
0.833
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1.8.2. Beams

Bar Size
Bar spacing
Reinf ratio
Clear Cover
Layer dist.
No. of legs
Side cover
1st Stirrup

Units

in

Top
Min.

#5
1.00
0.14
1.50
1.00

Bars Bottom Bars
Max. Min. Max.
#8 #5 #8
18.00 1.00 18.00
5.00 0.14 5.00
1.50
1.00

There is NOT more than 12 in of concrete below top bars.

2. Design Results*

*Unless otherwise noted, all results are in the direction of analysis only. Another analysis in the perpendicular direction has to be carried out

for two-way slab systems.

2.1. Strip Widths and Distribution Factors

Notes:

*Used for bottom reinforcement.

Width

Span Strip Left ** Right **

-

Column
Middle

N

Column
Middle

[X)

Column
Middle

IS

Column
Middle

v

Column
Middle

ft
15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

ft
15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

2.2. Top Reinforcement

Notes:

ft
15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

15.00
15.00

**Used for top reinforcement.

Moment Factor
Bottom * Left** Right ** Bottom *

1.000
0.000

1.000
0.000

0.750
0.250

0.750
0.250

1.000
0.000

*3 - Design governed by minimum reinforcement.
*5 - Number of bars governed by maximum allowable spacing.

Span Strip

1 Column

Middle

2 Column

Zone

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan

Width

ft
15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00

1.000
0.000

0.750
0.250

0.750
0.250

1.000
0.000

1.000
0.000

MMIX
kip-ft
0.28
0.90
2.10

0.00
0.00
0.00

24481
0.00

0.600
0.400

0.600
0.400

0.600
0.400

0.600
0.400

0.600
0.400

Ximax

0.241
0.447
0.688

0.000
0.344
0.688

0.833
15.000

Stirrups
Min.

#3
6.00

1.50
3.00

An,mln

in?
3.240
3.240
4.158

3.240
3.240
3.240

4.158
0.000

Max.
#5
18.00

Al.mlx
in?
31.950
47.250
31.500

31.950
31.950
31.950

31.500
31.950

An,nq

in?
0.007
0.015
0.036

0.000
0.000
0.000

4.225
0.000

smev

18.000
18.000
18.000

18.000
18.000
18.000

18.000
0.000

10-#6
10-#6
10-#6

10-#6
10-#6
10-#6

10-#6
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*3'5
*3*5

*3*5
*3*5
*3*5
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Span Strip

3 Column

4 Column

5 Column

Middle

Middle

Middle

Middle

Zone

Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

Left
Midspan
Right

2.3. Top Bar Details

Span

-

N

w

IS

3]

Strip

Column
Middle

Column
Middle

Column
Middle

Column
Middle

Column
Middle

10-#6
10-#6

11-#6
11-#6

11-#6
11-#6

Width
ft
15.00

15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00
15.00

15.00
15.00
15.00

10.18
7.07

10.18
9.77

10.18
9.27

Mpnax
kip-ft
517.57

1.37
0.00
172.52

463.58
0.00
463.59

154.53
0.00
154.53

517.56
0.00
24481

172.52
0.00
1.37

2.1
0.90
0.28

0.00
0.00
0.00

Bars Length

xnux A&min A:.mux
ft in? in?
29.167 4.158 31.500
2.059 3.240 31.950
15.000 0.000 31.950
29.167 3.240 31.950
0.833 4.158 31.500
15.000 0.000 31.950
29.167 4.158 31.500
0.833 3.240 31.950
15.000 0.000 31.950
29.167 3.240 31.950
0.833 4.158 31.500
15.000 0.000 31.950
29.167 4.158 31.500
0.833 3.240 31.950
15.000 0.000 31.950
27.941 3.240 31.950
0.146 4.158 31.500
0.386 3.240 47.250
0.593 3.240 31.950
0.146 3.240 31.950
0.490 3.240 31.950
0.833 3.240 31.950
Continuous

Bars Length

ft ft

10-#6 0.83

10-#6 0.83

6.50 -
6.50 ---
10-#6 0.83
10-#6 0.83

As.nq
in?
9.137

0.034
0.000
4.406

8.146
0.000
8.147

3.938
0.000
3.938

9.137
0.000
4.225

4.406
0.000
0.034

0.036
0.015
0.007

0.000
0.000
0.000

11-#6
11-#6

11-#6
11-#6

10-#6
10-#6

SPerov
8.571

18.000
0.000
16.364

8.571
0.000
8.571

16.364
0.000
16.364

8.571
0.000
18.000

16.364
0.000
18.000

18.000
18.000
18.000

18.000
18.000
18.000

Right
Length

10.18
9.27

10.18
9.77

10.18
7.07

21-#6

10-#6

11-#6

21-#6

21-#6

11-#6

11-#6

21-#6

10-#6

11-#6

10-#6

10-#6

10-#6

10-#6

10-#6

10-#6
10-#6

Bars
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*3*6

3%
*3*6
*3*6

*3*'5
*3*'5
*3*5

Length

6.50

6.50
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2.4. Top Bar Development Lengths

Left Continuous Right

Span Strip Bars DevLen Bars DevlLen Bars DevLen Bars DevLen Bars
in in in in

1 Column - 10-#6 12.00
Middle - - 10-#6 12.00
2 Column 10-#6 24.44 - -— 11-#6 2517  10-#6
Middle 10-#6 12.00 - - 11-#6 23.17 -
3 Column 11-#6 2244 10-#6 22.44 -— 11-#6 2244  10-#6
Middle 11-#6 20.71 - -— 11-#6 20.711 -
4 Column 11-#6 2517  10-#6 2517 - 10-#6 24.44
Middle 11-#6 23.17 - - 10-#6 12.00 -
5 Column - - 10-#6 12.00 - -
Middle - - 10-#6 12.00 -

2.5. Bottom Reinforcement

Notes:

*3 - Design governed by minimum reinforcement.

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

Span Strip Width Mmax Kinax As min A max A s SPerov Bars
ft kip-ft ft in? in? in? in

1 Column 15.00 0.00 0.344 0.000 31.950 0.000 0.000 -
Middle 15.00 0.00 0.344 0.000 31.950 0.000 0.000 -

2 Column 15.00 219.68 13.000 3.240 31.950 5.641 13.846 13-#6
Middle 15.00 146.45 13.000 3.240 31.950 3.728 18.000 10-#6

3 Column 15.00 120.14 15.000 3.240 31.950 3.049 18.000 10-#6
Middle 15.00 80.09 15.000 3.240 31.950 2.024 18.000 10-#6

4 Column 15.00 219.68 17.000 3.240 31.950 5.641 13.846 13-#6
Middle 15.00 146.45 17.000 3.240 31.950 3.728 18.000 10-#6

5 Column 15.00 0.00 0.490 0.000 31.950 0.000 0.000 -
Middle 15.00 0.00 0.490 0.000 31.950 0.000 0.000 -

2.6. Bottom Bar Details

Long Bars Short Bars
Span Strip Bars Start Length Bars Start Length
ft ft ft ft
1 Column - -
Middle - -

N

Column 13-#6  0.00 30.00 -
Middle = 8#6 0.00 30.00 2-#6 0.00 25.50

w

Column 10-#6  0.00  30.00 -
Middle = 8-#6 0.00 30.00 2-#6 450 21.00

N

Column 13-#6  0.00 30.00 -
Middle = 8#6 0.00 30.00 2-#6 450 2550

*3
*3

*5
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DevLen
in

25.17

22.44

*5
*5
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Span Strip

5 Column
Middle

Bars Start Length Bars

Long Bars

ft

Short Bars
Start Length
ft ft ft

2.7. Bottom Bar Development Lengths

Span Strip

1 Column
Middle

2 Column
Middle

3 Column
Middle

4 Column
Middle

5 Column
Middle

2.8. Flexural Capacity

Span Strip

1 Column

Middle

2 Column

Long Bars Short Bars
Bars DevlLen Bars DevlLen
in in
13-#6 2510 -
8-#6 21.57 2-#6 21.57
10-#6 1764 -
8-#6 12.00 | 2-#6 12.00
13-#6 2510 -
8-#6 21.57 2-#6 21.57
Top
X Astop OM,- M-
ft in? kip-ft kip-ft
0.000 440 -172.31 0.00
0.241 440 -256.46 -0.28
0417 440 -256.46 -0.76
0447 440 -254.75 -0.90
0.688 440 -254.75 -2.10
0.833 440 -254.75 -3.03
0.000 440 -172.31 0.00
0.241 440 -172.31 0.00
0417 440 -172.31 0.00
0.447 440 -172.31 0.00
0.688 440 -172.31 0.00
0.833 440 -172.31 0.00
0.000 440 -254.75 -335.03
0.625 440 -254.75 -266.67
0.833 440 -254.75 -244.81
5.000 4.40 -254.75 0.00
5000 440 -172.31 0.00
8.146 440 -172.31 0.00
10.183  0.00 0.00 0.00
10.750  0.00 0.00 0.00
13.000 0.00 0.00 0.00
15.000 0.00 0.00 0.00
19.250  0.00 0.00 0.00
19.817 0.00 0.00 0.00

Comb Pat

U1 All
Ut All
U1 All
Ut All
U1 All
Ut All
Ut All
Ut All
U1 All
U1 All
ut Al
U1 All

Ut All
Ut All
U1 All
Ut All
Ut All
Ut All
Ut All
U1 All
Ut All
Ut All
Ut All
Ut All

Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

As‘bol

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72

OM,+
kip-ft
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67

Bottom
M.+
kip-ft
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
61.82
61.84
160.99
199.55
206.72
219.68
210.54
126.57
108.71

U1
U1
U1
U1
U1
U1
U1
U1
U1
U1
U1
U1

U1
u1
u1
u1
u1
u1
u1
U1
U1
u1
u1
u1

Comb Pat

All
All
All
All
All
All
All
All
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
All
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Status

OK
OK
OK
OK
OK
OK
OK
OK
OK
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Span Strip

Middle

3 Column

Middle

21.914
23.500
25.000
25.000
25.598
29.167
29.375
30.000

0.000

0.833

2.059

6.067

7.067
10.750
13.000
15.000
19.250
20.729
22.660
23.702
25.500
29.167
29.583
30.000

0.000
0.833
4.630
5.000
5.000
6.500
8.313
10.183
10.750
15.000
19.250
19.817
21.687
23.500
25.000
25.000
25.370
29.167
30.000
0.000
0.833
4.500
5.500
8.045
9.771
10.750
15.000
19.250
20.229

Astop
in?
4.84
4.84
7.99
7.99
9.24
9.24
9.24
9.24
4.40
4.40
4.40
4.40
0.00
0.00
0.00
0.00
0.00
0.00
4.84
4.84
4.84
4.84
4.84
4.84

9.24
9.24
9.24
8.37
8.37
4.84
4.84
0.00
0.00
0.00
0.00
0.00
4.84
4.84
8.37
8.37
9.24
9.24
9.24
4.84
4.84
4.84
4.84
4.84
0.00
0.00
0.00
0.00
0.00

OM,-
kip-ft
-189.16
-189.16
-307.67
-454.84
-523.14
-523.14
-523.14
-523.14
-172.31
-172.31
-172.31
-172.31
0.00
0.00
0.00
0.00
0.00
0.00
-189.16
-189.16
-189.16
-189.16
-189.16
-189.16

-523.14
-523.14
-523.14
-475.79
-321.85
-189.16
-189.16
0.00
0.00
0.00
0.00
0.00
-189.16
-189.16
-321.84
-475.78
-523.14
-523.14
-523.14
-189.16
-189.16
-189.16
-189.16
-189.16
0.00
0.00
0.00
0.00
0.00

Top
M,-
kip-ft
0.00
-60.24
-166.19
-166.23
-211.55
-517.57
-537.19
-597.13
2.45
0.00
-1.37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-1.38
-18.69
-56.75
-172.52
-189.32
-206.93

-539.24
-463.58
-176.57
-153.60
-153.56
-69.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-69.29
-153.56
-153.60
-176.57
-463.59
-539.24
-179.75
-154.53
-61.59
-41.32
0.00
0.00
0.00
0.00
0.00
0.00

Comb Pat

Ut All
Ut All
Ut All
Ut All
Ut All
U1 All
U1 All
Ut All
Ut All
U1 All
U1t All
Ut All
Ut All
Ut All
U1 All
U1t All
Ut All
U1 All
U1 All
Ut All
Ut All
Ut All
U1 All
U1 All

Ut All
Ut Al
Ut Al
Ut All
U1 All
U1 All
U1 Al
U1 All
U1 All
U1 All
Ut All
U1 All
Ut All
U1t All
U1t All
U1 All
U1 All
U1t All
U1 All
U1t All
Ut All
U1t All
U1 All
U1t All
U1 All
U1 All
U1 All
U1 All
U1 All

Status

OK
OK
OK
OK
OK

As pot

in?
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
3.52
3.52
3.52
3.52

4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
3.52
3.52
3.52
4.40
4.40
4.40
4.40
4.40
4.40
4.40

oM, +
kip-ft
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
138.39
138.39
138.39
138.39

172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
138.39
138.39
138.39
172.31
172.31
172.31
172.31
172.31
172.31
172.31

Bottom
M+
kip-ft
29.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
67.21
88.25
137.81
146.45
140.36
84.38
51.16
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
11.45
63.73
76.24
120.14
76.24
63.73
11.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.71
35.79
50.83
80.09
50.83
35.79

Comb Pat

u1
U1
u1
u1
u1
U1
U1
u1
u1
U1
U1
U1
U1
U1
U1
U1
u1
u1
u1
u1
u1
u1
U1
U1

U1
U1
U1
U1
U1
U1
U1
U1
U1
U1
u1
U1
U1
U1
u1
U1
U1
U1
U1
U1
u1
U1
U1
U1
U1
U1
U1
U1
U1

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
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Status

OK
OK
OK
OK
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Span Strip

4 Column

Middle

5 Column

Middle

21.955
24.500
25.500
29.167
30.000

0.000
0.625
0.833
4.402
5.000
5.000
6.500
8.086
10.183
10.750
15.000
17.000
19.250
19.817
21.854
25.000
25.000
29.167
29.375
30.000
0.000
0.417
0.833
4.500
6.298
7.340
9.271
10.750
15.000
17.000
19.250
22.933
23.933
27.941
29.167
30.000

0.000
0.146
0.386
0.417
0.593
0.833
0.000
0.146
0.386
0.417
0.593

Astop

in?
4.84
4.84
4.84
4.84
4.84

9.24
9.24
9.24
9.24
7.99
7.99
4.84
4.84
0.00
0.00
0.00
0.00
0.00
0.00
4.40
4.40
4.40
4.40
4.40
4.40
484
484
4.84
4.84
4.84
4.84
0.00
0.00
0.00
0.00
0.00
0.00
4.40
4.40
4.40
4.40

4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40

OM,-

kip-ft
-189.16
-189.16
-189.16
-189.16
-189.16

-523.14
-523.14
-523.14
-523.14
-454.84
-307.67
-189.16
-189.16
0.00
0.00
0.00
0.00
0.00
0.00
-172.31
-172.31
-254.75
-254.75
-254.75
-254.75
-189.16
-189.16
-189.16
-189.16
-189.16
-189.16
0.00
0.00
0.00
0.00
0.00
0.00
-172.31
-172.31
-172.31
-172.31

-254.75
-254.75
-256.46
-256.46
-172.31
-172.31
-172.31
-172.31
-172.31
-172.31
-172.31

Top
M,-
kip-ft
0.00
-41.32
-61.59
-154.53
-179.75

-597.13
-537.18
-517.56
-211.54
-166.24
-166.19
-60.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-244.81
-266.68
-335.03
-206.93
-189.32
-172.52
-56.74
-18.69
-1.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-1.37
0.00
2.45

-3.03
2.1
-0.90
-0.76
-0.28
0.00
0.00
0.00
0.00
0.00
0.00

Comb Pat

Ut All
Ut All
Ut All
Ut All
Ut All

U1 All
Ut All
Ut All
U1 All
U1t All
Ut All
Ut All
Ut All
U1 All
U1t All
Ut All
U1 All
U1 All
Ut All
Ut All
Ut All
U1 All
U1 All
U1 All
Ut All
Ut All
Ut Al
Ut All
U1 All
U1 All
U1 Al
U1 All
U1 All
Ut All
Ut All
U1 All
Ut All
U1t All
U1t All
U1 All
U1 All

U1 All
U1t All
Ut All
U1t All
U1 All
U1t All
U1 All
U1 All
U1 All
U1 All
U1 All

Status

OK
OK
OK
OK

As pot

in?
4.40
4.40
3.52
3.52
8:52

5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
5.72
572
572
5.72
572
5.72
5.72
5.72
3.52
3.52
3.52
3.52
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40
4.40

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

oM, +
kip-ft
172.31
172.31
138.39
138.39
138.39

222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
222.67
138.39
138.39
138.39
138.39
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31
172.31

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Bottom
M+
kip-ft
1.71
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
29.13
108.71
126.57
210.54
219.68
206.72
199.55
160.99
61.84
61.82
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
51.16
84.38
140.36
146.45
137.81
88.25
67.21
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

u1
U1
u1
u1
u1

U1
u1
u1
U1
U1
U1
U1
U1
U1
U1
u1
u1
u1
u1
u1
u1
U1
U1
U1
u1
u1
U1
U1
U1
U1
U1
U1
U1
u1
u1
U1
u1
U1
u1
U1
U1

U1
U1
u1
U1
U1
U1
u1
U1
U1
U1
U1

Comb Pat

All
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
Al
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

All
All
All
All
All
All
All
All
All
All
All
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Span Strip

2.9. Slab Shear Capacity

Span b
in

1 360.00
360.00

2 360.00
360.00
360.00

3 360.00
360.00
360.00

4 360.00
360.00
360.00

5 360.00
360.00

Top

X Agiop OM,-

ft in? kip-ft

0.833 440 -172.31
d Viatio oV,
in kips
8.88 1.000 338.88
10.29 1.000 392.97
10.29 1.000 392.97
8.88 1.000 338.88
10.29 1.000 392.97
10.29 1.000 392.97
8.88 1.000 338.88
10.29 1.000 392.97
10.29 1.000 392.97
8.88 1.000 338.88
10.29 1.000 392.97
10.29 1.000 392.97
8.88 1.000 338.88

M,- Comb Pat Status

kip-ft
0.00

Vy
kips
7.28
7.28
95.23
96.72
126.66
110.94
81.00
110.94
126.66
96.72
95.23
0.00
0.00

Ut Al OK

Xy

ft
0.00
0.00
1.57
25.00
28.43
1.57
25.00
28.43
1.57
5.00
28.43
0.00
0.00

2.10. Flexural Transfer of Negative Unbalanced Moment at Supports
Width-c

Support

BWN -

Wi

idth
in

62.75
62.75
62.75
62.75

in

62.75
62.75
62.75
62.75

d
in
13.13
13.13
13.13
13.13

2.11. Punching Shear Around Columns
2.11.1. Critical Section Properties

Support Type
1 Rect
2 Rect
3 Rect
4 Rect

b,
in
26.56
33.13
33.13
26.56

b,
in

33.13
33.13
33.13
33.13

2.11.2. Punching Shear Results

Support

BWOWN -

Vy
kips
114.58
262.99
262.99
114.58

Vu

psi
101.2
161.2
151.2
101.2

2.12. Punching Shear Around Drops
2.12.1. Critical Section Properties

Support

Ty

pe

Rect
Rect

b, b,

in in
74.44 128.88
128.88 128.88

Page | 13
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Bottom
A ot OM, + M+
in? kip-ft kip-ft
0.00 0.00 0.00

Comb Pat Status

Ut Al OK

M., Comb Patt 7 A req Aspov  Add Bars
kip-ft in? in?
329.55 U1 All 0.626 3.605 1.534 5-#6
85.07 U1 All 0.600 0.871 3.221 -
85.07 U1 All 0.600 0.871 3.221 -
329.55 U1 All 0.626 3.605 1.534 5-#6
b, G CG Cieft) C(right) A Je
in in in in in in? in*
86.25 13.13 8.38 18.38 8.18 1132.03  98242.82
132.50 13.13 0.00 16.56 16.56 1739.06 330518.11
132.50 13.13 0.00 16.56 16.56 1739.06 330518.11
86.25 13.13 -8.38 8.18 18.38 1132.03  98242.82
My Comb  Patt Yv Vu V.
kip-ft psi psi
249.52 U1 All 0.374 194.4 2121
-85.07 u1 All 0.400 1717 2121
85.07 u1 All 0.400 171.7 2121
-249.52 u1 All 0.374 194.4 2121
b, davg CcG Clett) Ciright) A Je
in in in in in in? in*
277.75 8.88 44.49 54.49 19.95 2465.03 1467996.31
51550 8.88 0.00 64.44 64.44 4575.06 12679371.70
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Support

Type

Rect
Rect

b,
in

128.88

74.44

2.12.2. Punching Shear Results
Support V, Comb Pat

kips
1 9824
2 233.90
3 23391
4 9824

U1
U1
U1
U1

All
All
All
All

2.13. Material TakeOff
2.13.1. Reinforcement in the Direction of Analysis

Top Bars 2261.0 Ib
Bottom Bars 2919.9 Ib

Stirrups

0.0 Ib

Total Steel 5180.9 Ib
Concrete 2403.8 ft*

<=> 24.67 Ib/ft
<=> 31.85 Ib/ft
<=> 0.00 Ib/ft

b, by davg CG Cleft)
in in in in in
128.88 515.50 8.88 0.00 64.44

128.88 277.75 8.88 -44.49 19.95

Ve OV,
psi psi
39.9 156.9
51.1 1426
51.1 1426
39.9 156.9

<=> 56.52 Ib/ft <

<=> 26.22 ft*/ft

<=> 0.822 Ib/ft?
<=> 1.062 Ib/ft?
<=> 0.000 Ib/ft?

=> 1.884 Ib/ft*

<=> 0.874 ft¥/ft*

3. Deflection Results: Summary
3.1. Section Properties
3.1.1. Frame Section Properties

Notes:

M+ve values are for positive moments (tension at bottom face).

M-ve values are for negative moments (tension at top face).

Span Zone

1 Left
Midspan
Right

2 Left
Midspan
Right

3 Left
Midspan
Right

4 Left
Midspan
Right

5 Left
Midspan
Right

lg

in*
30000
30000
53445
53445
30000
53445
53445
30000
53445
53445
30000
53445
53445
30000
30000

Mive

3.1.2. Frame Effective Section Properties

Span Zone

1 Right

Weight

1.000

Dead
Mmax
kip-ft
-1.69

ler M.,
in* kip-ft
0 265.17
0 265.17
0 282.33
3164 282.33
3800 265.17
3164 282.33
2799 282.33
3319 265.17
2799 282.33
3164 282.33
3800 265.17
3164 282.33
0 282.33
0 265.17
0 265.17
Load Level
Sustained

Il Mmax

in* kip-ft

53445 -1.69

Ciright)

in
64.44
54.49

ly

in*
30000
30000
53445
53445
30000
53445
53445
30000
53445
53445
30000
53445
53445
30000
30000

in*
53445

Page | 14
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A Je

in? in*

4575.06 12679371.70

2465.03 1467996.31

MM

ler Mc.

in* kip-ft

3641 -265.17

3641 -265.17

7174 -401.42

7174 -401.42

0 -265.17

10477 -401.42

10477 -401.42

0 -265.17

10477 -401.42

10477 -401.42

0 -265.17

7174 -401.42

7174 -401.42

3641 -265.17

3641 -265.17
Dead+Live

Mmax Il

kip-ft in?

-2.32 53445
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Span

N

Zone

Span Avg
Middle
Right
Span Avg
Left
Middle
Right
Span Avg
Left
Middle
Span Avg
Left

Span Avg

Weight

0.500
0.500
0.250
0.500
0.250
0.500
0.500

1.000

Minax
kip-ft

197.23
-434.41
-388.46

107.56
-388.46

-434.41
197.23

-1.70

Dead

3.1.3. Strip Section Properties at Midspan

Notes:

le

in*
53445
30000
44379
37189
53445
30000
53445
41723
44379
30000
37189
53445
53445

Load Level

Sustained

Mpax
kip-ft
197.23
-434.41
-388.46
107.56
-388.46
-434.41
197.23

-1.70

Load distribution factor, LDL, averages moment distribution factors listed in Design Resuilts.
Ratio refers to proportion of strip to frame deflections under fix-end condtions.

Span

s WN =

I!

in*
15000
15000
15000
15000
15000

Column Strip

LDF

0.800
0.738
0.675
0.738
0.800

3.2. Instantaneous Deflections
3.2.1. Extreme Instantaneous Frame Deflections and Corresponding Locations
Live

Span
1

Direction Value Units

Down
Up
Down
Up
Down
Up
Down
Up
Down

Up

Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc
Def
Loc

Dead

Ratio

1.600
1.475
1.350
1.475
1.600

Sustained

in*
15000
15000
15000
15000
15000

Middle Strip

Unsustained

LDF

0.200
0.262
0.325
0.262
0.200

Total

Page | 15
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Dead+Live
le Mmax le
in* kip-ft in*
53445 - 53445
30000 278.14 26502
44379 -611.14 22653
37189 24578
53445 -546.48 27506
30000 152.03 30000
53445 -546.48 27506
41723 - 28753
44379 -611.14 22653
30000 278.14 26502
37189 - 24578
53445 -2.32 53445
53445 53445
Ratio
0.400
0.525
0.650
0.525
0.400
Total
Sustained Dead+Live
-0.012 -0.021
0.000 0.000
0.163 0.306
13.750 13.750
0.060 0.128
15.000 15.000
-0.002 -0.003
1.324 1.078
0.163 0.306
16.250 16.250
-0.012 -0.021
0.833 0.833
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