J-2EQUIPMENT PLATFORM BRACING

a. Introduction.

(1) Purpose The purpose of this example problem is to illustrate the design of a braced stedl
platform supporting heavy equipment.

(2) Scope. The problem generaly follows the steps in Table 4-5 and the procedures in
Chapter 10 of this document and Chapter 6 of FEMA 302.

b.  Component description.
The equipment in this example problem is an elevated stedl water tank on a braced stedl platform located

on the roof of a two story building. An eevation of the tank and platform is shown in Figure J2-1 and a
framing plan of the platform is shown in Figure J2-2.

10—ft. Diameter
L— steel water tank

10'-0"

Braced
“"] | steel platform

10'-0"

Note: For metric equivalents; 1-ft = 0.30m
Figure J2-1. Elevation of tank and platform support structure
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Figure J2-2. Platform framing plan

c.  Component design.

A.1 Determine appropriate Seismic Use Group

1-in = 25.4mm
1-ft = 0.30m
1plf = 14.58KN/m

It is decided that the building supporting the tank be functional after an earthquake, therefore the tank is
given a performance level of immediate occupancy (10). The Seismic Use Group and other performance

parameters are determined from Table 4-4, asfollows;

Performance Leve: 10

Seismic Use Group: IE
Ground Maotion: 3/4 MCE (B)
Performance Objective: 3B

A.2 Determine site seismicity.

The following values are assumed for this example:
Ss=1.20g

A.3 Determine site characteristics.

Soil type D isassumed for this problem
Soil type: D

A.4 Determine site coefficients.
F,=1.02 (interpolated)

A.5 Determine adjusted MCE spectral response accelerations.
Sws = F-Ss = 1.02(1.20)g = 1.22g

A.6 Determine design spectral response accelerations.

Sos = 3/4 Sus = 3/4(1.22) = 0.92g

(per problem statement)

(Table 4-4)
(Table 4-4)
(Table 4-4)

(MCE Maps)

(Table 3-1)

(Table 3.2a)

(EQ. 3-1)

(EQ. 3-3)



A.7 Lateral load reisiting system.

Steel tank to be welded to platform and platform to be laterally supported by cross bracing in both
directions.

A.8 Sect Ry, a, and I, factors.

a=25 (Table 10-1)
R,=25 (Table 10-1)
lb=15 (per Paragraph 10-1d)

A.10 Determine member sizesfor gravity load effects.

Determine structural weights;
Weight above platform;

Weight of water;

Note: Assumetank isnormally full

V =pR?h=p(5)%10'= 785- ft3 (22.23m% density of water = 62.4-1b/ft® (9800KN/m?)
W, = 785- t3(624'™™) (1% /1000- Ib) = 49.0% (218.0KN)
Weight of tank shdll (1/4-in. (6.4mm) plate);
Area=pDh =p(10)10'=3142- ft? (29.19m?)
W e = 025'(1/12")490- Ib/in® =102psf (0.49KN/m?)
Wy = 314.2- ft2(102psf)(1¢ /1000- Ib) =32% (14.2KN)
Weight of tank top and bottom (3/8-in. (9.53mm) plate);
Area=2pr? =2p(5)? =157- ft* (14.59m?)
W e = 0375 (1/12")490- Ib/in® = 153psf (0.73KN/n’)
Wigpg hot =157~ ft?(15:3psf)(1“ /1000- Ib) =24% (10.7KN)
Therefore, the weight above the platform is;
W1 = Wyger +Wang) + Wigpg hor = 49.0¢ +32% +2.4% =546 (242.9KN)
Weight of platform;
Weight of platform beams (conservatively assume beam weight at 30psf over platform plan area);
Wigans = 30psf (10')10' (1 /1000- Ib) = 30% (13.3KN)
Weight of legs and braces (assume legs and braces at 10psf projected horizontally);
Note: Tributary height of 5-ft. (1.53m) istaken in lumping load at platform level
Wiegeg braces = 45ides(10psf )5 (10)(1 /1000~ Ib) = 2 (8.9KN)
Therefore, the weight to lump at the platform leve is;
Wp2 = Wbeams + \Nlegs& braces — 3k + 2k = 5k (22-2KN)
Design transverse platform beams (see Figure J2-2, and J2-3);

Note: It is conservatively assumed that the middle transverse beam supports half of Wy with the
distribution as shown in Figure J2-3. One design will be made for this beam and used throughout for all

transverse beams. W
Using load combination U = 1.4D; mmﬂm
W, = 1.4(0.5(54.6")) = 38.2 (169.9KN) 5 i
k . " ) 2 2
M, = W6UL _382 (106)(12 1) _ cegink (86.3KN) - bo

Figure J2-3. Loading on middle transverse beam
Note: Beam islaterally supported throughout its span



=y o A 36 in3<260in°=2 386.7X10° mm® < 426.1X10° mm®
"4 T FE,  09(36ks) wiozz ( )
Use W10x22 (254mmX1.05K N/m) for transver se beams
Design longitudinal LOI atform beams (see Figures J2-2, and J2-4); P.
Py, = (1/2)38.2 = 19.1 (89.96KN) P-. Pa.

Pay = (U2)Py, = 9.6° (42.70KN)

Therefore, reactionsare;, R, = 19.1¢ (89.96KN) 5 yo)
The maximum moment occurs at mid span as, Y, Y,
M, = [19.145) — 9.6(2.5)](12"/1’) = 858™ (96.95KN-m) R R

Figure J2-4. Loading on longitudinal beams
Note: Beam islaterally supported throughout its span
Z —ﬂ—ﬂ—zes- in®>260=2 (434.3X10° mm® > 426.1X10° mm°)
9T fF,  09(36ks) T Twiee B '

(okay because of conservative assumptions)

Use W10x22 (254mmX1.05K N/m) for longitudinal beams
Design columns;
Using load combination U = 1.4D;

P, / column = 14(W,,, +W,,)/#columns = 14(54.6 +5°) / 4 = 209/°"“™ (93.0KN/column)

Try W10x22,
Relevant properties of a W10x22 are as follows;
A = 6.49-in’ (4.19X10°* mm?) ry=1.33in (33.8mm) r,=4.27-in (108.5mm)
Check capacity of W10x22;
Note: Elementsarein abraced framewith K = 1.0
Since KLy = KL,;
KLy, 10(10)(12'/1)

r, 133'

From AISC LRFD Table3-36;  f F, =1994ks (137.5MPa) (interpolated)
f P, =f (FyA, =1994ksi(649- in?) =1204% (575.6KN)

f.P= 129.4% > 209 = P, (575.6KN > 93.0KN)

Use W10x22 (W254mmX1.05K N/m) for columns
Design transverse beam to longitudinal beam connection (see Figures J2-2, and J2-5);
Use; F, = 36ksi (248.2MPa), and F, = 58ksi (399.9MPa)
Note: It was previously determined that the middle transverse beam supports half of Wy, with the
distribution as shown in Figure J2-3. Therefore, the reaction can be taken as R, = (1/2)38.2¢ = 19.1¢
(89.96KN). One design will be made for this beam and used throughout for all transverse beam
connections. Formulas are taken from Part 9 of AISC LRFD volume 1, 2™ edition.

=90.2

Relevant properties of a W10x22 are as follows;
ty = 0.240-in (6.1mm) by = 5.750-in (146.1mm)
tr = 0.360-in (9.1mm) d=10.17-in (258.3mm)
Determine coping dimensions ¢ and d_;

c= 5750%-0240" _ 276-in (70.1mm) Say ¢=3.0-in (76.2mm)
d. = 0.360" + 0.500" = 0.86" (21.8mm) Say d.=21.0-in (25.4mm)
Check flexural yielding of coped section assuming two 7/8-in. (22.2mm) f bolts;
R, £M where; f =0.9
€

Mn = FSwe
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Note: For metric equivalents; 1-in = 25.4mm
Figure J2-5. Transverse beam connection, elevation view

Spet = L 0240"y1017"201.0M)° 2 )-267-in’ (43.8X10° mm))
12 (1017"-2(1.0"))

- M, = 36ksi(2.67 —in®) = 961" (10.86KN-m)
e=c+0.57=3.5" (88.9mm)
PuM,  09(961"7%)

e 35"
Check local web buckling of coped section;

=247¥ >191% =R, (109.9KN > 85.0KN) OK.

M
R, < &—1 where; ¢$=0.9
e

Mn = Fbcsnct
t2
F,, = 0.627E —-f,
ch,
fg =35-7 d—c) =35-75 —l(—)—) =2.76
d 10.17"
hy=10.17"-2(1") =8.17" (207.5mm)
_ 0627(29,000ksi)(0.240")’

30"(817")
- M, =366ksi(2.67—in?) = 977" (110.4KN-m)

(2.76") = 366ksi (2.52X10° MPa)

- Foe

M,  09(977"7%)
e s

Design bolts, single plate, and welds;
Note: The tank being welded along the top of the beam prevents the beam from rotating thereby making
the support for the connection relatively rigid.
From Table 9-10 of volume 2 of AISC LRFD 2™ edition, assuming the girder provides a rigid support, for
7/8-in. (22.2mm) diameter A325-N bolts and single plate material with F, = 36ksi (248.2MPa) and F, =
58ksi (400MPa), select two rows of bolts, 1/4-in. (6.4mm) single plate thickness, and 3/16-in. (4.8mm)
fillet weld size.

=251% >191%* =R, (1.12MN >0.085MN) OK.

#R_=255%>191 =R, (113.4KN>85KN) OK.

J2-5



Check supported beam web;

From table 9-2 of volume 2 of AISC LRFD 2™ edition, for two rows of 7/8-in. (22.2mm) diameter bolts,
beam material with F, = 36ksi (248.2MPa) and F, = 58ksi (400MPa), and L., = 1-1/2-in. (38.1mm)
minimum and L, = 1-1/2-in. (38.1mm) minimum;

AR, =104%1(0240") = 25* >19.1% =R, (11.2KN > 85.0KN)

O.K.
Use two 7/8-in. (22.2mm) ¢ bolts with 1/4-in. (6.4mm) single plate and 3/16-in. (4.8mm) welds as
shown in Figure J2-5

Design longitudinal beam to column connection (see Figure J2-2);
By inspection, since the end reactions are the same, and the connection to a column is also a rigid
connection, the same single plate connection design connecting the transverse beams to the longitudinal
beams can be used for this connection.
Use two 7/8-in. (22.2mm) ¢ bolts with 1/4-in. (6.4mm)single plate and 3/16-in. (4.8mm) welds as
shown in Figure J2-5

Note: The following steps do not have a one to one correspondence to steps listed in table 4-6.
F.1 Determine seismic force effects.

Seismic forces (F,) shall be determined in accordance with chapter 10 as follows:

04a_SHcW,
F, =—LS"(1+25) (EQ. 10-1)
R, /1, h
where; zh=1.0 (Equipment attached at roof of building)

F, is not required to be taken greater than:

F, =16Spsl, W, (EQ. 10-2)
nor less than:

F, = 03SpsI, W, (EQ. 10-3)
Seismic load at the tank;

4(2.5)092(54.6
., = 04(2.5)092(54.6 )(1+2(1))= 1.66(54.6%) = 904% (402.1KN)
25/15

(Fy)max = L6(092)15(54.6*) =121 > 904% = F, (538.2KN > 402.1KN) OK.

(F)min = 03(092)15(54.6") = 22.6* < 904% =F, (100.5KN <402.1KN) OK.
Seismic load at the platform level;

4(2.5)0.92(5.0%
o Fpy = 042)092007) (11 5(1)) = 166(50*) =83 (36.9KN)
25/15
(F, ) max = 16(092)15(50%) = 11* >83% = F, (48.9KN >36.9KN) OK.
(F,)min = 03(092)15(50%) = 2.1* <83" = F, (9.3KN <36.9KN) OK.

F.2 Design members.
Design tank connections to support frame (see Figure J2-6);

Connections, to resist overturning and shear, will consist of welds at four opposite faces of the tank and
located at the mid center of the perimeter beams. Loading is eccentric to the plane of the welds.

J2-6



Try 3/16-in. (4.8mm) welds;
Capacity for a 3/16-in. (4.8mm) weld;
R, =0.75t.(0.6F.,)
where; t, = 13—(—1-) =0.133-in (3.38mm)

6(v2

F,. = 70ksi (482.7MPa) (E70XX electrodes)
- ¢R, = 0.75(0133")(0.6(70ksi)) = 419%™ (0.73KN/mm)

By inspection, load combination ‘U = 0.9D + E’ governs, and the overturning moment is calculated as;
M, = [90.4“(5') —0.9(54.6")5'](12"/1') =2,476"% (433.6KN/mm)

The section modulus for the weld group is calculated as follows;
Syeigs = (I, +Ad?)/(d/2)

" d ’ 1 " d b3
Swelds = ZX[(I )b(E) +'i—2_(1 )bs]-‘—(—z—) = bd+—3—d-

Try b = 8-in. (203.2mm) (note that d = 120-in. (3.05m))

Weld to top of —
beam at beam
centerline

Note: For metric equivalents; 1-ft = 0.30m
Figure J2-6. Force diagram for tank to platform welds

ny3
5 Syes = 8"(120") B g61-in’ (620.0X10* mm?)

3(120")
P 4% ;
f=—t= 204~ _ 5 gaksin (0.50KN/mm)
A 4(8")
M in/k .
g =Mu 24767 _ 5 sgwin (0.45KN/mm)

Syeits  961—in

127



R, =f, =/f2+12 = /(283M)2 + (258K/M)2 = 383K/ < 419%/"
(0.67KN/mm < 0.73KN/mm) OK.
Usefour 3/16-in. (4.8mm) welds to secur e tank to perimeter beams
Check transverse perimeter beams;
The transverse perimeter beams support relatively little of the tanks dead weight, but resist the overturning
reaction. This reaction was previously calculated to be P, = 20.7¢ (92.1KN). These beams were sized in
the gravity load design as W10x22's and will be checked here. It is conservatively assumed that the beams
support only the overturning seismic reaction.
The maximum moment occurs at mid span as,
_RL _ 20.7%(10)(12"/12)
Y4 4
Note: Beam islaterally supported throughout its span
M, 621MK

Zow=—4=—" _ =192-in®<266=Z
"I fR,  09(36ks) Wioxzz

M =621 % (70.17KN-m)

(314.6X10° mm® < 435.9X10° mm®) OK.
Keep W10x22 (W254mmX1.05K N/m) for transver se beams

Check longitudinal beams;
The longitudina beams support all of the tanks dead weight (transferred to it from the interior perimeter
beams), and also resist the overturning reaction of P, = 20.7% (92.1KN). These beams were sized in the
gravity load design as W10x22's and will be checked here.
Per load combination ‘U = 0.9D + E’ the center load Py, in figure J2-4 is reduced to an uplift load of;
20.7—-19.1= 1.6 (7.12KN) (uplift)
By inspection, this reduces the end reactions and the maximum moment acting within the beam. Therefore,
the W10x22 is still adequate.
Keep W10x22 for longitudinal beams
Design transverse beam to column connection;
The worst case beam reaction is R/2 = 20.7¢/2 = 10.4 (46.3KN). By inspection, the same single plate
connection used for the other beam to beam or beam to column connections is adequate.
Usetwo 7/8-in. (22.2mm) f A325-N boltswith 1/4-in. (6.4mm) single plate and 3/16-in. (4.8mm)
welds similar to Figure J2-5

Check column for combined loading (see Figure J2-7);
Determine design loads;
Calculate reactions,
From symmetry;,
Ruy = Ropy =(1/2)(45.2¢ + 4.15°) = 24.7¢ (109.9KN)

[¢]
a M, =0
(Ryy)10- 452 (15) - 415%(10)) =0
Ry = 72 (320.3KN) (tension)
é R =0
Roy = 72¢  (compression)
Calculate compressive force in column;

Summation of loads at point 2;
Due to the 45 degree inclination of the brace;

(Forace) horz = (Forace) vert = 24.7¢ (109.9KN)
é K =0
(Fo )vert = Roy = (Fiyace) vart = 725 - 24.7% = 47.3 (210.4KN)

Superimposing the dead |oad;
From load combination ‘U = 1.2D + E’;
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Note: For metric equivalents; 1-ft = 0.30
Figure J2-7. Seismic force diagram for supporting legs and braces

Dead load = (Wi + W,p)/4 = (54.6° + 5)/4 = 14.9° (66.3KN)
P, = 1.2(14.9") + 47.3= 65.2" (290.0KN)
Check column capacity;

f P, =f (FyAq =1294° (575.6KN) (calculated previously)
f P, =120.4% >652" =P, (575.6KN > 290.0KN)

Design brace;
Determine deign loads (see Figure J2-7);
Note: Brace does not support gravity loads. Therefore, all 1oad combinations reduce to P, = E.

Furace =+ (Firace) Zorz * (Forace) Zert = +1/2(24.7%)% = £349% (155.2KN)
Compression;

50

1




A doubly symmetric section will be choosen. Therefore, per Figure 7-21, the out-of-plane buckling will
govern capacity. Assume K = 0.67;
KL, =067(10')/2 = 95 (2.90m)
Try a 3-in. (76.2mm) ¢ standard weight pipe;
From the columns tables in Part 3 of the AISC LRFD manual,

¢.P, = 41* >349% =P, (182.4KN>155.2KN) OK.
Tension;
Okay by inspection.

Use 3-in. (76.2mm) std wt pipe for braces
Design brace connection to column and beam (see Figure J2-8);
One design for the worst case situation will be used throughout the structure. Worst case occurs where the
gusset plate attaches to the column web (this condition has the smallest buckling capacity due to the
increased length of plate). Per the AISC Seismic provisions (dated April 15, 1997) section 13.2b, the
required compressive strength is & P,, and per section 13.3.a, the required tensile strength is R,FyA,.

Therefore;
Compressive design load = ¢.P, = 41% (182.4KN)
Tensile design load = R, F, A, =1 .5(46ksi)2.23-in” = 154* (685.0KN)

Try a 3/8-in. (9.5mm) thick gusset plate (F, = 36ksi (248.2MPa));

Design welds to gusset plate using E70XX electrodes

Minimum weld size = 3/16-in. (4.8mm) (per AISC LRFD 2™ edition Table J2.4, based on gusset plate
thickness)

Maximum weld size = 0.216-in. (5.49mm) (per AISC LRFD 2™ edition section J2.2b.(b), based on brace
thickness)

Required length of four 3/16-in. fillet welds;

_ R, _ 154% /4 -sides
YR, 4.19%/in
Check base metal;

R, = (0.6F,)A, = 09(0.6(36*))0216"(9.25")4 = 155% (689.4KN)
R, = 155% > 154% = P, (689.4KN > 685.0KN) OK.
Check shear tension rupture (refer to Figure J2-9 for nomenclature);
R, = Hprace [0.6FY(C::;"00 ) + Fuw,]
where; W, = @ e +21,, (tan30%) = 35"+2(9.25")0577 = 142" (360.7mm)
2(9.25")
0866

L =919" Say 9.25” (235.0mm)

LR, = 0.75(0.375")[O.6(36ksi)( )+ 58ksi(l4.2")] =361% >154* =p,

(1.61MN > 0.68MN) OK.
or, R, =#(06F,(2l,)+F,wy)

R, =0.750.375")(0.6(58ks1)(2(9.25") + 36ksi(35")) = 217% >154% = P,

(0.97MN > 0.68MN) O.K.
Check tensile capacity;
@R, = ¢gw,F, t = 0.75(14.2")58ksi(0.375") = 232% >154% =P,
(1.03KN > 0.68KN) OK.
Check compressive capacity;
k
Note: The critical buckling strength for the brace is A F; = —g% = % =482% (214.4KN)

J2-10
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Note: For metric equivalents; 1-in = 25.4mm
Figure J2-8. Brace connection details and nomenclature

#R, = gF, w)t = 0.9(36ksi)14.2"(0375") = 173 > 482% = A F,

gler

(769.5KN > 214.4KN) O.K.
Check buckling of gusset plate;

4,000t [F
? y
ﬂ{n = ¢[_—.—_—l—li—_—_] > Achr

d
where; |, = % +a(tan30°) +—2—b—(sin 45°) (for this bracing configuration only)

a=2t=2(0.375")=0.75" (19.1mm)
142" 1017"

1 = +0.75"(0577) + (0.707) = 111" (281.9mm)
wy3 :
R, = 0.90[4’000(0'3171513 v36ksi ] =103* > 482X = A F,,

(458.1KN > 214.4KN) O.K.
Design weld of gusset plate to beam and column;
Note: Length of weld to be along the entire length of contact between gusset plate and beam or column;
(ForaceJhorz = (Forace Jvert = 24.7° (109.9KN)

L provided = (W +2a(tan30%)) cos45° (for this bracing configuration only)
L rovidea 2 (14.2"42(0.75")0577)0.707 = 10.7" (271.8mm)
Required length of two 3/16-in. (4.8mm) fillet welds;

J2-11



R, _247%/2- sides
fR, 429%™

(Lw)rega = =295'<<10.7"E L yoviged  (74.9Mmm << 271.8mm) OK.

Design brace to brace connection (see Figure J2-9);
Use similar design as used at the brace connection to the column and beam. By inspection, the connection

meets the requirements of shear/tension rupture, tensile capacity, and compressive capacity. Also, buckling
of the gusset plate does not govern because |, is so much less.

3/8" Thick gusset plate (typ)

3/16 TYP_BOTH
SIDES

W

he

Note: For metric equivalents; 1-in = 25.4mm
Figure J2-9. Brace to brace connection

Design gusset plate to column and column base plate (see Figure J2-10);
Use smilar design as used at the column to beam connection. All parameters are the same except the
gusset plate attaches to the column base plate instead of the beam.

1" Thick base plate

-

.—‘8"
— |+ | +
12"
. 22.5” e —
I +— |+ f + +
1
rf ‘ l/ / 6" 127
} I I'/ I { T +

o"

+ f +
P R RIS
5.1” 7'.\ v — |4"] 135

WP

Note: For metric equivalents; 1-in = 25.4mm
Figure J2-10. Braceto column and column base plate connection




Design column base plate;
For compressive loading, the base plate is approximated as a rectangular plate enclosing only the column
cross section and having dimensions bs + 17 (25.4mm) by d + 1” (25.4mm). Part 11 of AISC LRFD 2
edition outlines procedures for designing base plates that will be used here.
Determine design loads;

R, =72¢ (compression or tension)
Area of base plate = BN = (5.75” + 1”)(10.17” + 17) = 75.4-in> (46.6X10° mm®)

R
(ADreqa =——omv
Y 6.(085f,)
where; ¢, =0.6
.’ =3,500psi (24.13MPa) (assumed)
k
(A reqa = ——-72— =403-in? <754 -in? = BN (26.2X10° mm’ < 46.6X10°> mm’) O.K.
0.6(0.85)3.5ksi

Determine required plate thickness for compressive loading;

Y LY
=" Y 09F, BN

where; 1=An’ (small base plate)

B

n=

4
,1 = _g_Ji_ S 1

1+41-X

X o [_‘W_ P,

(d+by )’ ) 4P, P
d.=0.6 (LRFD Specification section J9)
P, =0.85f’A, (load acts on full area of concrete support)

P, = 0.85(3.5ksi)94.3-in> = 281% (1.28MN)

" i k

< _[4a017 )5.752 72 0304
(10.17"+5.75")? ] 0.6(281)

A= _2__ v0.394 =0.706
1+v1-0394
J1017"(5.75")

We—— = 191" (48.5mm)

1=0.706(1.91”) = 1.35” (34.3mm)

k
e = 2(72 ) — = 022" (5.6mm)
0.9(36ksi)94.3 —in

Determine required base plate thickness for tensile load;
Closest spacing of bolts is 4-in. (see Figure J2-10) and plate is assumed to span between these bolts;

k/an R
M, = %L - Z%‘.‘_l = 72""% (8.14KN-m)
¢an 2 Mu
where; ¢, =0.9
M, =ZF,
2
, N
4

J2-13



y u

’ in-k
=>t= 444 ‘/ 4440727 ) _ 0.85 (governs)

M,
| NF (1017"+2")36ksi
Use 1.0-in. (25.4mm) thick base plate

2
P M, = 0.9[NTt)F =M

Design anchor bolts;
Note: The four bolts surrounding the column will be conservatively designed for the entire tension load,
but all eight bolts will be assumed active in resisting shear.
Determine design loads;
_247¢
“  8-bolts

From load combination ‘U =0.9D + E’;

Dead load = (W, + W,,)/4 = (54.6" + 5%)/4 = 14.9* (66.3KN)

P, = 0.9(-14.9%) + 72¥= 58.6* (260.7KN) (tension)

=309%*" (13 7KN/bolt)

Try 1.0-in. (25.4mm) ¢ A307 bolts;
Check capacity in shear;
Steel;
V, =(0.75A,F,)n (EQ.9.2.4.2-1 FEMA 302)
For 1.0” ¢ bolt (A 307)
where; A, =0.785-in’ (506.5mm’)
F, = 60ksi (413.7MPa)

n = 8-bolt
V, = 0.75(0.785 - in? )60ksi(8 - bolts) = 283% > 24.7¥ =V, (1.26MN > 0.11MN) OK.
Concrete; '
4V, = (4800A , A1, )n (EQ.9.2.4.2-2 FEMA 302)
where; ¢ =0.65 '
A=10 (normal weight concrete)
f.” = 3,500psi
n = 8-bolts
. ¢V, = 0.65(800)0.785 - in*(8)/3,500psi = 0.65(297%) = 193* (0.86MN)
¢V, =193% >247% =V, (0.86MN >0.11MN) OK.
Check capacity in tension;
Steel;
P, = (09A,F,)n (EQ. 9.2.4.1-1 FEMA 302)
where; A, =0.785-in’> (506.5mm’)
F, = 60ksi (413.7MPa)
n = 4-bolts
. P, = 09(0.785 - in? )60ksi(4 - bolts) = 170* > 586 =P, (0.76MN > 0.26MN) OK.
Concrete;
#P, = ¢AJE (28A, +4A1) (EQ. 9.2.4.1-3 FEMA 302)
where; ¢ =0.65
A=1.0 (normal weight concrete)

£’ =3,500psi (24.13MPa)
Ar=(4")6" =24.0-in’ (15.5X10°> mm®)

2
A, =2(8")W2'[4"+6"] +4[8" 2 ] =738—in? (476X10° mm®)
(for a 8-in. (203.2mm) embedment)
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. ¢P, = 0.65(1.0),/3,500psi[2.8(738 - in?) + 4(24 — in’ )] =065(128%) = 83X > 586% =P,
(369.2KN > 260.7KN) OK.

Check combined tension and shear;
Per section 9.2.4.3 of FEMA 302 , all of the following conditions shall be met;

\Y%
condition (a) %[V“Jsm (EQ. 9.2.4.3-1a FEMA 302)
C
1 (247%
— —[=013<10 O.K.
065\ 297
. 1{P,
condition (b) by <10 (EQ. 9.2.4.3-1b FEMA 302)
C
1 (586
—| —|=020<10 O.K.
065\ 128
y 1|(p, Y (V.Y
condition (c) —[1=1 +|—1] (=10 (EQ. 9.2.4.3-1c FEMA 302)
P\ P Ve
({5714 (247%) 1
— |+ =] |= (0199 +0.007) =032 <10 O.K.
0.65(| 128 297 0.65
PY (v.Y
condition (d) [P—) +[7J <10 (EQ. 9.2.4.3-1d FEMA 302)
S S
x\? K \?
> 8'6k + 24'7k = (0.030+0.008) = 0.038 < 1.0 OK.
339 283

Use 1.0-in. (25.4mm) ¢ A307 anchor bolts
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