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8. The roof pressure coefficient GC,. when negative in Zone 2 or 2E, shall be applied in Zone 2/2E

for a distance from the edge of roof equal to 0.5 times the horizontal dimension of the building
parallel to the direction of the MWEFRS being designed or 2.5 times the eave height, /., at the
windward wall, whichever is less; the remainder of Zone 2/2E extending to the ridge line shall use
the pressure coefficient GG,y for Zone 3/3E.
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NOTE 1 In configuration b two cases should be considered depending on the sign of pressure coefficient
cpe 0N the first roof.

wall

NOTE 2 In configuration ¢ the first cue is the cge of the manopitch roof, the second and all following ¢;. are
the ¢, of the troughed duopitch roof.
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“There shall be no drift limit for single-story structures with interior walls, partitions, ceilings, and exterior wall systems
that have been designed to accommodate the story drifts. The structure separation requirement of Section 12.12.3 is
 not waived.
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Deflection check (lateral deflection limits)

Type of Building Limits
INDUSTRIAL BUILDINGS
(a) Steel sheeted walls, /150

no cetlings, no internal
partitions against external
walls or columns, no gantry
cranes

(c) As in 1{a) but with external | A/250
masonry walls supported
by steelwork
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Table 4.1.7.1.
Importance Factor for Wind Load, Iy
Forming Part of Sentences 4.1.7.1.(1) and (3)

Importance Factor, Iy j
Importance Category
uLs SLS
Low 08 0.75
Normal 1 0.75
High 1.15 0.75
| Post-disaster 1.25 0.75

LVO sde s l5l e Sl cMT@J@éL@J&AM(@‘&S&JJﬁoJ@cﬁw}bﬁaﬁmﬂ oo bl g @

23,5 oo
s Al o Al 00 5L Co s Olas o3l >l b (glie (AL andls as 5 axlles

To convert o year service wind force to 10 year service wind force it is multiplied by 0.7, as the equation says, and
other gravity loads; D and o gL are also added.

Sazin a nutshell we create following load combinations in ETABS to check our drift:-

DRIFTWx1 = D+o.5l +o 7Wx
DRIFTWx2 = D+o.sl-0.7Wx
DRIFTWYy1 = D+o.gl+o0.7Wy
DRIFTWyz2 = D+o.sl-o0 7 Wy

For seismic drift, as discussed earlier, we do not need any combination, drift will be checked just on EQx and ECy
load cases only.

J}‘:’°>L°:'““#ﬂw}‘&)‘wb@&l’”udﬁjbwb—&;‘&ﬁ%}-’d‘j

Deflection check (Rafter deflection limits)



Type of Building Deflection Comments
and Load Limit
INDUSTRIAL BUILDINGS
(a) Dead Load L/360 | For roof pitches > 3°
(b) Live Load L1240
(c) Wind Load LI150
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Bl 53 (8131 850 J5b i1 J 558

The report also includes temperature

=L, * (R -R,-R;-R)L

max ‘allow data for numerous cities. (This data is

where: reprinted in Appendix B of the complete

L .=maximum length of a building paper. For the complete paper, please see

max X . C e www.modernsteel.com or the 2005
with no expan&:lon ]Olntf‘s or

NASCC Proceedings at www.aisc.org.)

between expanslon joints T, is the temperature exceeded only 1%

R, =0.15, if the building is heated and of the time during summer months; T,
air-conditioned the Ht;ear;.temperature dgl}rletghthtE' normal
_ . . . - construction season; an ’ e E'mpera-
JR2 =033, if the bu11dmg is unheated ture exceeded 99% of thé time during
Rg, = (.25, if columns are fixed base winter months. The design temperature
R4 = (],25’ if the building has substan- change} is the largfer of the two tempera-
tially greater stiffness at one end tures differences either (T,-T ) or (T,-T).
i R Rather than consulting the above val-

L., =allowablelength from Fig. 1

ues, many engineers use a temperature
As a general rule, expansion joints change of 50 °F to 70 °F for enclosed

heated /air-conditioned buildings.
600

—

E Rectangular

w  500}— Multi-framed

w Configuration with

E Symmetrical Stiffness’

(]

o 400~ Nonrectangular

=l Configuration

o (L, T..U Type)

o 300

=

@ Any
%\ 200— Materia|
5

=

&l 100

I I N I I I
10 20 30 40 50 60 70 80 80

DESIGN TEMPERATURE CHANGE (F*)

Fig. 1: Maximum allowable building length without expan-
sion joints for various design temperature changes.
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L —017><31><2'05X106—437
p = U. . 2400 = cm

(}//7 Gusset plate

AES oo oy adal ) 51 dsb ) ila L e (Al i Y (55 danlae i
8.8.8.3 Bracing Along the Beam

0.02M,C
bt (8.89)

(o]

Cq=1.0.
h, = distance between flange centroids, in. (mm)
M, =RFZ

M, = 1.15 x 2400 x 4735 = 13068600 Kg.cm

_0.02 x 13068600
br =100 + 1.2

4 4a 58 b i€ oaliinl [ 50X50X5 <SG (ot S S o b s))se oo b sla gt 4 iald (liaS Jb Jles Cign 48 a0
A e padidia ) O (s LS8 Cud Hla Ajsc Construction Manual SeS b 5 (5w 3131 Jsh

= 2583 Kg

L =+/1002 + 1002 ~ 141 cm ~ 4.7 ft =5 ft
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Table 4-11 (continued)
Available Strength in
Axial Compression, kips
Concentrically Loaded Single Angles

Fy = 36 ksi

Shape

R J——

L2x2x

—

L St Y4 Y K

- .

b/t

4.0 3.92 319 244 1.65

. ASD: | LRFD ﬂﬁﬂ LRFD | CASD: | LWFD | ASD :| LRFO | -ASD ' LRFD

]

P/ | doPs | Fulldg | GcPe | Pl | don | POy | 0cB”] Bl | acPy

q

f gyration, r;.
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Froperties

Crosg-gection [axial] area | 5 Section modulus abaut 3 axis | 4246
Tarzgional congtant 7.4408 Section modulus about 2 axis IW
Marent of [nertia about 3 axis Iw Plaztic modulus about 3 asis IW
Marnent of Inertia about 2 axis Iw Plaztic moduluz about 2 axiz IT
Shear area in 2 direction IT Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction IT Radiuz of Gyration about 2 axiz IW

M, =0 XF, XZ,

M, = 0.9 X 2400 X 613 = 1324080 Kg.cm

1 "
s :E\/bpg (ifpp >s. use py =)

Pfi=Pf0=de=6cm

b, =20 cm
byr =15cm
_bp_20_10
gy == am
V20 x 10
S=T=10.6cm
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2
M=%Mpi=ijtpy
b
Case 2 y=22n L +h3(1]+h0 1.1 +E[h,(pf,,-+1,5pb)+ hy(s+0.5py)+ hy(d, + pyo)|+ &
s>d, 2 Pri 5 Pro 25)| & 2
1 )
s=5 b,g #%=090 Note: Usepy=s,ifpr>s
Y, —20{306(1)+166( ! >+426<1+ ! )}+ 230606+ 1.5 x 14) + 16.6(6 + 5 x 14) + 42.6(6 + 6)} + — = 534
R S 106 8T 2x106/) TT06 : ' ' 7 ovrem

Step 5. Determine the required end-plate thickness, fp req'd-

t AR 6.8-5)

preq = (6.8-
0q FypYp

where

FYy, = specified minimum yield stress of end-plate material, ksi (MPa)

Y, =end-plate yield line mechanism parameter from Tables 6.2, 6.3 or 6.4,
in. (mm)

dg =1.00

1.11 x 1324080

= = 1.12 2
& j0.9 X 2400 X 534 ik

For eight-bolt connections (8ES):

J B ZMf
bired = TC(]);:E:I (hl + hil + h3 + hﬁl)
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2 %X 1324080
~ 1.48 cm — use M20

QU
S
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30.62  16.62
42.6 ' 42.6

0.9 x 3.14 x 0.75 x 8000 X {42.6 + -+
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09 X% A, XF, =0.9Xx8x2400 = 17280 Kg
Preliminary Size of the (4) Group A Bolts

P, = 17280 Kg ~ 38 ksi



ha = —

n
Ty = — = 9.5Kips
Table7-2
Available Tensile
Strength of Bolts, kips
Nominal Bolt Diameter, &, In. S 3, s 1
Nominat Bolt Area, in 2 0.307 0.442 0.601 0.785
Forl : -
Desiq. ;l:sil | Lf"i; Q| bre | Q| brn | IR | 0 | Q] i
' ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD“| LRFD
- Group A 450 | 675 | 138 {207 | 1997|298 | 271 | 406 | 383 | 53.0
GraupB  |-565 | 848 [.17.3 1 260 |-250 | 374 | 340 | 510 | 444 | 666
A307 '225° ] 338 | 6.00f 104 |- 084 | 149 |435 | 203 | 17.7 | 265
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Bolt 5/8" =16 mm — @.r, = 20.7 Kips > {r,; = 9.5 Kips} OK
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End-Plate Thickness with Consideration of Pryving Action (AISC Manual Part 9)

a :[a +%Js [1.25!) +d7bJ (Manual Eq. 9-23)

e
Vs o

fdls el o S B s el Yo bl 1 oLl Bos S 5 Jsb 4SS 0o

1.6
a = (5 +7) =58cmvV

1.6
A max = (1.25 X5+ 7) = 7.05cm

b'=b- d?b (Manual Eq. 9-18)

1.6

b' = <5——) =4.2cm

2

p= b—: (Manual Eq. 9-22)
o
_ 4.2 — 072
P=5g™ "

The tributary length per bolt (Packer et al., 2010),

. full plate width
P number of bolts per side




20 20
=—=20cm
P=7
d!
d=1-— (Manual Eq. 9-20)
p

¢’ = width of the hole along the length of the fitting, in.

s, (6+02)
- 20 o
L ¢n
B=— ~1 (from Manual Eq. 9-21)
P I}:r
1 ,20.7
=073\~ 1) =06

Because p < 1, from AISC Manual Part 9:

a':l(ijﬂl.[]
S{1-B

r1 ( 0.66
T 0.91\1—0.66

a >=2.13—>usea’=1

Use Equation 9-19 for #, in Chapter 9 of the AISC Manual, except that F, is replaced by F, per the
recommendation of Willibald, Packer and Puthli (2003) and Packer et al. (2010).

bmin = Ariab (from Manual Eq. 9-19a)
opF, (1+3a)

4 x (9.5 X 455) x 4.2
tomin = =0.76 cm - 12 mm

0.9 X 20 X 2400 X (1 + 0.91 x 1)



Required Weld Size
R, =F,.A,, (Spec. Eq. J2-4)

Fone = 0.60Fgxxy (1.0+0.50sin"* 6) (Spec. Eq. ]2-5)
¢ ooals v.:.aljﬁ- E60 55 S 5l eslizal &)y s

K
E,, = 0.6 x 4200 x (1 + 0.5sin>90°) = 3780—g

:(g](%}

where D is the weld size in sixteenths of an inch (i.e., D is an integer).

[=4%x10=40cm

Note: This weld length is approximate. A more accurate length could be determined by taking into account the
curved corners of the HSS.

From AISC Specification Table J2.5:

$=0.75
¢'Rn = ¢anAwe
Setting ¢R, = B, and solving for D,

el Cus o dlall Cgr Dl pul S cid b a5 LY o Gl Bl S et 3L 25 L
CLAs Al ol

b 17280
~0.75 x (0.75 % 3780 x 40)

=02cm

Minimum Weld Size Requirements

s
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TABLE J2.4
Minimum Size of Fillet Welds

Material Thickness of Minimum Size of
Thinner Part Joined, in. (mm) Fillet Weld,! in. (mm)
To '/ (6) inclusive ¥ s (3)
Over /4 (6) to /2 (13) 316 (5)
Over 1/2 (13) to %4 (19) /4 (6)
Over 3/4 (19) 5/16 (8)

[al eg dimension of fillet welds. Single pass welds must be used.
Note: See Section J2.2b for maximum size of fillet welds.
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Chapter 3 discusses some of the design requirements for isolated footings, such as
those related to their minimum depth. A few additional provisions are contained in
Section 1809 of the 2009 International Building Code® (IBC-09), as follows:

-]

The top surface of a footing must be level, but the bottom may slope; the
maxitnum slope is 10 percent. Where a larger slope is required, the footing
should be stepped. -

The footings adjacent to slopes greater than 33.3 percent require special
consideration regarding their setbacks, elevations, and clearances (see IBC-09
Section 1808.7).

The minimum width of footings is 12 in.
Concrete used in foundations of structures assigned to Seismic Design
Categories (SDCs) A, B, or Cmust have a minimum specified 28-day compressive

strength (') of 2500 psi. For nonresidential structures assigned to SDCs D, E, or
F the minimum {7 is 3000 psi.

Certain spread footings in zones of high seismicity must be interconnected by
ties (see discussion in Sec. 4.1.3).

4.1.2 Construction Reguirements

In addition to the construction-related publications of the American Concrete Institute,
much information on the topic of foundation construction can be found in IBC-09. We
will mention just three of the relevant IBC provisions:

» Placing of concrete through water is prohibited, unless special approved

constraction methods such as a tremie are used, and steps are taken to minimize
concrete segregation and turbulence of water. Water should not be allowed to
flow through fresh concrete. '

Concrete footings require protection from freezing during placement and for at
least five days afterward.

When approved by the building official, concrete footings can be placed directly
against the soil, without formwork. When required, concrete forming should
conform o Chapter 6 of ACI 318.
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4.1.3 Seismic Ties /

Spread footings in buildings assigned Seismic Design Categories D, E, or F and founded
on soils with Site Classes E or F must be interconnected by ties. The ties must be capable
of resisting a tension or compression force equal to the lesser of:

- L. Vertical load carried by the larger of the f{ootings multiplied by the seismic
coefficient S, and divided by 10. (5, is the design spectral response acceleraﬁon
at short penods and 5-percent dampmg, as described in IBC.)

2. Twenty-five percent of the design gravity load of the smaller footing,

SITE CLASSES
A Hard rock v, > 5000 ft/sec

B Rock: 2500 < v, < 5000 ft/sec

C Very dense soil or soft rock: 1200 < v, < 2500 ft/sec g
D stiff soil : 600 < v, < 1200 ft'sec {11

E V,<600ft’'sec .y

F sSite-specific requirements

r.c.lie beam portal leg

Y
/ A
. —

A
P

pad base

secticn A-A

:C‘P \s



4.1.4 Reinforced-Concrete Footings

Chapter 15, Footings, of ACI 318-08 contains specific design requirements for isolated
column footings. Many popular reference books, such as CRSI Design Handbook, contain
tables of reinforced square footings far various allowable soil-bearing capacities. The
general design procedures are described in Sec. 4.2.

According to the long-running provisions of ACI 318, the minimum thickness of a
reinforced footing on soil is 6 in. above the bottom reinforcement. Since Section 7.7 of
ACI 318 specifies a minimum concrete cover of 3 in. for bottom reinforcing bars in con-
crete cast against and permanently exposed to earth, the minimum footing thickness
becomes 9 in. plus the diameter of the bottom reinforcement, or about 10 in. total.

4.1.5 Plain-Concrete and Other Footings

Chapter 22, Structural Plain Concrete, of ACI 318-08 describes three specific conditions
in which plain concrete may be used. They are:

1. Members continuously supported by soil or other structural members

2. Members in compression resulting from arching action under all loading
- conditions

3. Walls and pedestals (but not columns)

Accordingly, footings and pedestals used in metal building systems and meeting these
requirements may be made of plain concrete. The minimum thickness of plain-concrete
footings is 10 in. ACI 318 requires that the design thickness of these footings be taken
2 in. less than the actual thickness when they are cast against the soil (the typical case,
of course). This sometimes overlooked provision means that a 12-in.~thick footing made
of plain concrete must be analyzed as if it were only 10 in. thick.

For plain-concrete pedestals the maximum height-to-thickness ratio is three
(ACI 318-08 Paragraph 22.8.2). Foundations made of plain concrete are not permitted in
Seismic Design Categories D, E, and F with an exception granted to the residential
foundations meeting certain conditions and to wall footings.

Section 1809 of IBC-09 describes design and construction requirements for some
other types of column footings. These include footings of masonry units, steel grillages,
and wood. A present time, none of these column footings is commonly used in the
United States for the support of metal building systems.
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4.2.1 General Design Procedure
The basic procedure for the design of isolated colummn footings is as follows:

1. Compute the design load on the footing, in terms of both nominal (unfactored)
and factored loading.

2. Determine the required footing area by dividing the unfactored load by the
allowable bearing pressure of the soil,

3. Decide on presence and size of the column pedestal (pier), following the
discussion in Chap. 3.

4. Determine the critical sections for moment and shear (see the discussion in
Secs. 4.2.5 and 4.2.6) and the design length of the cantilevered footing
ledges.

5. Bstablish a preliminary thickness of the footing from previous experience,
design tables found in the engineering reference sources, or trial and error.

6. Check the trial section for punching shear and beam-type shear, refine the
footing thickness if needed, then design the footing for flexure.

4.2.2 Using ASD Load Combinations

The required footing area for downward loading is found by dividing the maximum
unfactored load by the allowable bearing pressure of the soil. The maximum load is

the largest effect of all applicable combinations using the allowable stress design
method.

The load combinations of IBC Section 1605.3 are listed as follows, separately for
basic and alternative basic combinations. These are used for stability calculations and
for finding the soil pressure. The basic ASD load combinations are:

The alternative basic ASD load combinations are:

D+L+(L orSorR)
D+ L+ oW
D+L+oW+5/2
D+L+S+aW/2
D4+ L4+S+E/14
08D +E/14
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where ) = dead load
F =load caused by fluids with well-defined pressures and heights
H = load from horizontal soil pressure, or pressure from ground water or bulk
materials
L =live load (except roof live load), including any allowed reductions
L =roof live load, including any allowed reductions
S =snow load
R =rain load
T = self-straining force from expansion or coniraction due to temperature or
moisture changes, shrinkage, creep, differential settlement, or a combination
of these
W = wind load
E = earthquake load effects (horizontal and vertical)
@ =wind load coefficient taken as 1.3 or 1.0, depending on the procedure used
to compute the load

4.2.3  Using Load Combinations for Strength Design
Strength design load combinations are contained in Section 1605.2 of IBC-09, as listed
here. These are used for concrete design. The notations are the same as those in Sec. 4.2.2,

14D+ F)

12D+ F+T)+1L6(L+H) +05(L or Sor R)
12D + 1.6 {L_or S or R) + (f,L or 0.8W)
12D+ 1L.6W+ £ L+05(L or Sor R)

12D+ LOE+fL +£,5

0.9D + 1.6W + 1.6H

0.90 + 1.OE + L.6H

The coefficients f, and f, are explained in the code. Note that ACT 318-08 has similar load
combinations, but they are written in a slightly different format.

4.2.4 What Is Included in the Dead Load?

As just stated, the total nominal (unfactored) load on the footing consists of various
service loads (dead, live, and so on}, combined in various code-prescribed load combi-
nations. When appropriate, live-load reductions may be taken.
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But what about the weight of the footing itself: Should it be included in the dead
load? What of the soil on top of the footing ledges? Surprisingly, the angwers are some-
what subjective.

Since the footing displaces the same volume of soil, some engineers feel that the
weight of concrete need not be included. Or perhaps only the difference between the
unit weights of concrete and the soil should be counted toward the increased pressure
on the bottom of the footing. However, this logic applies only to the situations where a
footing is placed in virgin soil.

When structural fill is used, the soil at the bottom of the footing has not experienced
any precompression from the weight of the soil above, and the weight of the footing
should now be included. At the time the foundation is designed, it may not be clear
whether or not fill will be used at the site. Thus it might be wise to conservatively

assume it will be used and to inchude the weight of the footing and the soil above in the
dead load.

Perhaps reflecting the uncertainty, the related provisions of the International Build-
ing Code have undergone slight changes in recent years. Paragraph 1805.4.1.1 of IBC-03
directs the designer to include the weight of foundations, footings, and the overlying
fill in the design loading. Paragraph 1805.4.1.1 of IBC-06 and Section 1808.3 of IBC-09
both simply permit the inclusion of these weights as part of the dead load.

Some designers expand the argument and ask whether the live load acting on the
slab on grade should also be included in the foundation loading. The code is silent on
the matter. Since the live load on the slab does not cause flexure in the footing, this load
{as well as the weight of the footing and of the overlying fill) certainly need not be
included in the column load wsed in concrete design, Instead, if considered at all, these
loads will be directly subtracted from the allowable soil pressure under the footing,
reducing the allowable pressure accordingly.
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4.2.5 Designing for Moment

Isolated footings are assumed to be rigid for the purpose of their analysis, and for
concentrically loaded isolated footings the soil pressure is uniform (PCA Notes).
According to ACT 318-08 Section 15.4, the maximum bending moment at the column
footing is found by passing a vertical plane through the footing at the critical section
for moment. The location of the critical section for moment depends on whether a
concrete pedestal is used under the column or the column is bearing directly on the
footing (Fig. 4.1):

1. If the steel column bears on top of a concrete pedestal, the critical section for
moment is located at the face of the pedestal (Fig. 4.1a).

- 2. If the steel column with a base plate bears directly on top of the footing, the
critical section for moment is located halfway between the face of the column
and the edge of the base plate (Fig. 4.1b).

These provisions assume that the steel column and base plate are square or rectangular
in plan. According to ACI 318-08 Sections 15.3, for the purpose of locating critical sec-
tions for moment and shear, circular or polygon-shaped concrete pedestals can be
treated as square members of the same area. No explicit guidance is given about the
treatment of round steel columns with square base plates bearing directly on footings,
but presumably a similar approach should work.

N e

L VU U —- |

ar2

L

L Critical section for moment “J

(= (b)

Fiaure 4.1 Criticel sections for flexure in isolated footings: (2} Steef column bearing on a
concrete pedestal supported by a footing; (b) steel column bearing directly on the footing.,
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Once the critical section for moment is located, the length L of the footing cantilever
subjected to bending can be determined (Fig. 4.2). The maximum bending moment M,
per foot of footing width is then computed as:

M, =q,J2/2

Here, g, is the faciored soil pressure under the footing, found from the strength design load
combinations. In the basic equation, the nominal flexural strength of concrete M, mult-
plied by the strength reduction factor ¢ must be equal or exceed the factored moment:

QM:: 2 M«

The strength reduction factor ¢ is 0.9 for flexure in reinforced concrete and 0.6 for flex-
ure in plain concrete. The design of concrete for flexure can become quite involved. In
the absence of appropriate computer software the reader is referred to ACI Design Hand-
book, PCA Notes, and CRSI Design Handbook for helpful charts and tables that can sig-
nificantly reduce the design time.

4.2.6 Designing for Shear

Design provisions for shear in footings are addressed in ACI 318-08 Section 11.11. Two
types of shear strength are considered in the design of isolated footings: wide-beam
action and two-way action. Wide-beam action shear strength is computed assuming
the footing behaves as a wide beam with cantilevered ledges. It is similar to shear in a
reinforced-concrete cantilevered beam, except that the shear stress in the footing is
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Fioure 4.2 The length L of the footing cantilever subjected to bending.




typically resisted by concrete alone. In two-way action shear, the column or pedestal
attempts to “punch” through the footing, hence another name for this limit state,
punching shear.

The critical section for beam-action shear is located the distance d (the distance
from the extreme compression fiber to the centroid of the tension reinforcement)
from the critical section for moment. It can be found by drawing a line that extends
at 45° from the top of the footing at the critical section for moment until it intersects
the bottom reinforcement (Fig. 4.34). The critical section for wide-beam action shear
extends through the whole width of the footing. The equation for beam-type shear
strength is:

W,=V,

:c'p \Al
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When the footing is subjected to flexure and shear only, the factored shear loading is
carried solely by concrete (V, = V). Assuming that concrete is of normal weight, the
beam-type shear strength V, {which is equal to V) can be computed as:

V, =2Afb,d

where f =28-day compressive strength of concrete
b, = the width of the footing
d = the distance from the extreme compression fiber to the centroid of the tension
reinforcement
A =a coefficient accounting for reduced strength of lightweight concrete

A is equal to 0.85 for sand-lightweight concrete and 0.75 for all-lightweight concrete. Fc:r
normal weight concrete typically used in footings A= 1.

useful.

The maximum two-way action shear stresses occur in the vicinity of the column or
pedestal. The critical section for two-way action shear is located at a distance d/2 from
the critical section for moment on all four sides (Fig. 4.3b). The concrete area that resists
two-way action shear is the product of the perimeter of the critical section b, and the
depth d. According to ACI 318-08, the two-way action concrete shear strength for foot-
ings V_is the smallest of the following three values:

( x\[ fbd
v, k B, + 2)1 fbd
V, =40 [flb,d
where [} =the ratio of long side to short side of the column or rectangular pedestal

o, = 40 for interior columns, 30 for edge columns and 20 for corner columns

Other symbols are explained earlier. It can be seen that using rectangular columns
might decrease punching shear capacity of concrete. The strength reduction factor ¢ is
0.75 for shear in reinforced concrete and 0.6 for shear in plain concrete.
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4.2,7 Minimum Footing Reinforcement

According to ACI 318-08 Section 15.10.4, reinforcement in each principal direction
needs to be sufficient to meet the same minimum reinforcement ratio as required for
slabs on grade (0.0018 of gross concrete area). This reinforcement may be placed near
the top or bottom of the footing, or at both locations (see Commentary to ACT 318-08
Section 15.10.4). The maximum bar spacing is 18 in.

For square footings, it is typical to provide the same reinforcement in both direc-
tions at the bottom. A question commonly asked is: Where exactly is the effective
depth to reinforcement d measured to? Is it from the top of the footing to the center-
line of the bars in the lowest layer? Upper layer? Midway between the two?

The practices vary, but measuring midway between the two layers seems like a
reasonable compromise. This “average effective depth” approach is used in CRSI
Design Handbook. Under this method the effective depth is equal to the footing thick-
ness minus one bar diameter. Measuring to the centerline of the bars in the upper
layer is of course always conservative.

4.2.8 Distribution of Reinforcement in Rectangular Footings

In reinforced-concrete footings, the distribution of reinforcement is prescribed by ACI318-08

Section 15 4. For square footings reinforcement is distributed uniformly in both directions.
For rectangular footings reinforcement is distributed uniformly in the long direction

across the width of the footing, but nonuniformly in the short direction. In short direc-

tion, a certain fraction of the total reinforcement A, is placed in the band located at the

center of the footing. The fraction that must be placed in the center band is equal to
?SA-E’ Whﬁ'e
2

LT B

Here, J is the ratio of the lengths of the long to short side of the rectangular footing,
The remaining reinforcement placed in the short divection is distributed uniformly over
the two areas on each side of the center band.

In an attempt to simplify reinforcement placement in the field, some engineers
determine the size and spacing of reinforcement in the central band as required by
code, and then continue that spacing throughout the footing. This uses more reinforc-
ing steel but simplifies rebar placement and helps avoid any associated field problems.
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4.2.9 Designing for Uplift

Some load combinations involving lateral forces may result in the net uplift loading on
the footing. Performing a stability check for uplift is discussed in Chap. 3, and Fig. 3.2
shows the components of the “bailast” provided by the weights of the footing, the col-
umn pedestal (if any is present), and the soil on the footing ledges. We recommend
neglecting all other contributing factors such as the soil “wedges” shown on Fig. 3.2
and any flexural restraint that might be provided by the slab on grade. Indeed, we sug-
gest reducing the dead load by the amount of the probable buoyancy force in the areas
with high water levels or subject to flooding.

Design of column footings for this condition is not well covered in the building
codes. Conceptually, the design approach is the same as for downward loading.
Figure 4.4 illustrates an isolated footing with pedestal under uplift loading. The critical

IU
._.}_!-

. 111 ,

e =

Crilical section
for moment

Fieurs 4.4  Isolated footing resisting uplift ioading.
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section for wide-beam action shear at that location as well. The critical section for two-
way action {punching) shear can be taken at the same location as for downward load-
ing. A punching-shear failure caused by uplift loading might occur in some thin and
large footings, where the upward design load exceeds the downward one.

What about the columns bearing directly on spread footings? When the design
wind uplift force is acting, the isolated footing is literally hanging from the column by
the anchor bolts. For this situation it is prudent to take the critical sections for moment
and shear at the center of the footing.

At the bottom of the pedestal, the load path for uplift continues through the vertical
pier reinforcement, which should be extended into the footing and developed there with
properly embedded hooks, The uplift loading is generally low enough to allow the min-
imum pier reinforcement to accomplish this tagk, but this check should stili be made.

Concrete is not commonly designed for tension, but the building codes cover some
conditions where tension is considered, such as in brackets and corbels. According to
ACT 318-08 Section 11.8, the design strength of tension reinforcement must exceed the
applied factored tensie force IV :

$4,f, 2N,

where ¢ =0.75
A = area of steel reinforcement

The factored tensile force N__ is computed from the appropriate load combination,
such as 0.9D + 1.6W,

4.2.10 Reinforcement at Top of Footings

Can an isolated footmg reinforced only at the bottom resist the bending moment caused
by wind uplift? For moderate uplift loads it is often possible to make the plain-concrete
section thick enough to resist the bending. But is the plain-concrete behavior acceptable
in this situation? In other words, must the top surface of the footing be reinforced even
if plain-concrete flexural capacity is adequate?

The isolated footing is among the structures where ACI 318-08 Section 22.2 specifi-
cally allows using structural plain concrete for members “continuousty supported by
soil.” The main function of the isolated footing is to transmit the downward-acting
loads to the soil during almost the entire useful life of the building. An argument can be
made that a rare occasion when a net uplift loading exists could be considered an inci-
dental use of the foundation that ordinarily is continuously supported by soil. Accord-
ing to this argument, assuming that the plain-concrete section is strong enough to resist
the bending caused by uplift forces, no top reinforcement is needed.
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Of course, the opposite argument can also be made that during the uplitt the footing
is not continuously supported by soil. Therefore, the footing must be reinforced at the top.

In the absence of clear code provisions both arguments have merit, and it is cer-
tainly conservative to reinforce the top of any isolated column footing subjected to net
uplift. Some designers specify top reinforcement as standard practice.

We should note that placing reinforcing bars at the top of the footing requires spe-
cial high chairs or similar bar support elements that are not needed for bottom rein-
forcement, where inexpensive short chairs of even concrete bricks can be used. Large
and relatively thin column footings subjected to high net uplift forces would benefit the
most from reinforcing their top surfaces.

Bl S o b

4.1.3 Seismic Ties /

Spread footings in buildings assigned Seismic Design Categories D, E, or F and founded
on soils with Site Classes E or F must be interconnected by ties. The ties must be capable
of resisting a tension or compression force equal to the lesser of:

- L. Vertical load carried by the larger of the footings multiplied by the seismic
coefficient S, and divided by 10. (5 is the design spectral response acceleraﬁcm
at short penods and 5-percent dampmg, as described in 1BC.}

2. Twenty-five percent of the design gravity load of the smaller footing,

L g 5531 5lao ol 5132 pamii g Cuolird J s

For development into the footing, the No. 8 dowels must extend a full
development length.

.,5 0021, )
dc = % b

| 0.02x3000
4™ 0,25 x ¥210

X25=41cm
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