J-3 PIPE BRACING

a. Introduction.
(1) Purpose The purpose of this example problem is to illustrate the design of pipe bracing
using Chapter 10 and Chapter 6 of FEMA 302 (Components).

(2) Scope. The problem generally follows the steps in Table 4-5 to analyze the pipe bracing
and anchorage. Typical bracing details may be found in Figure 10-8

Component description.

The stedl water pipe used in this example problem is a 6-inch (152.4mm) diameter standard wall pipe,
extending from the basement to the second floor of a three story concrete building (see Figure J3-1). The
piping is used to distribute chilled water for HYAC. The building and equipment performance objective is
life safety (LS). Additionally, the equipment is not required to function after an earthquake.
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Note: For metric equivalent; 1-ft = 0.30m
Figure J3-1. Water pipe and bracing eevation



b.  Component design.

A.1 Determine appropriate Seismic Use Group

Because the equipment is not required to be functional after an earthquake, the water pipe bracing is given
a performance level of life safety (LS). The Seismic Use Group and other performance parameters are

determined from Table 4-4, as follows;

Performance Leve: LS

Seismic Use Group: I

Ground Mation: 2[3MCE (A)
Performance Objective: 1A

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.

Sus = FaSs = 1.02(1.20)g = 1.22g

A.6 Determine design spectral response accelerations.

Sos = 2/3 Sus = 2/3(1.22) = 0.81g

A.7 Bracing system.

(per problem statement)
(Table 4-4)
(Table 4-4)
(Table 4-4)

(MCE Maps)

(Table 3-1)

(Table 3.2a)

(EQ. 3-1)

(EQ. 3-23)

The bracing system will consist of structural steel bracing assumed to be installed using low deformability
anchor bolts in concrete. To ensure rigidity, the pipe spans are limited to values shown if Figures 10-6 of

this document.
A.8 Sect Ry, a, and I, factors.
8=10

R,=1.25
l,=1.0

(Table 10-1)
(Table 10-1)

(per paragraph 10-1d)



A.10 Determine member sizesfor gravity load effects.
Note: Only supports S; and S; support gravity loads. Additionally, connection design will be postponed
until the seismic analysisis complete.
Dead load acting at supports is determined as follows;
a.  Determine unit weight of pipe;
6" f pipe 19plf

Flanges, 4plf
Supports, 2plf
Water; 20plf
Totd = 45plf (0.66KN/m)

b. Determinerequired support spacing;
Use 13'-9” (4.19m) for a pinned-pinned rigid pipe per Figure 10-5.

c. Determine dead loads;
Wegs1 = 13.75 (45plf) = 619-Ibs (2.75KN) (typical for horizontal spans)
Weasz = (13.75 + 28')(1/2)45plf = 939-1bs (4.18KN) (governsfor gravity load design)

Therefore, one design, based on the worst case loading at location S;, will be used throughout for gravity
loads.

Member design (see Figure J3-2);

L2x2x3/16
Brace (typ)

3/8"¢
Anchor bolt
with 37 embedment

into concrete (typ) /‘ \ 66 Std P
ipe

3/8”¢ Bolt (typ) Pipe clamp

Note: For metric equivalent; 1-in = 25.4mm
Figure J3-2. Transverse piperestraint

Factored dead |oad acting at support; P, = 1.4Ws, =1.4(939-1bs) = 1,315-Ibs, or 1.32° (5.85KN)
For two braces inclined at 45 degrees (one on either side of pipe), the ultimate load per brace is determined
as;

k
P, = 292 =093"/Pa® (414K N/brace)
Try L2x2x3/16 (L50.8mmX50.8mmX4.8mm) (Area = 0.715-in? (461.2mm2)) attached using one 3/8”
(9.53mm) f bolt per connection;
Check yielding on the gross area;
f P =f KA, where; f, =090 (EQ. D1-1 AISCLRFD)



$.P, = 090F, A, = 09(36ksi)0.715~in’ =232% > 093" = P, (103.2KN >4.14KN) OK.

Check fracture on the effective net area;

#.P, = FA, where; ¢, =075 (EQ. D1-2 AISC LRFD)
A, =2"(3/16™) — (1/8” + 3/8”)(3/16”) = 0.281-in? (181.2mm’)
P =075F,A, = 075(58ksi)0281-in? = 122% > 093" =P, (54.3KN >4.14KN) 0K

Use 2-1.2x2x3/16 (L.50.8mmX50.8mmX4.8mm) braces
Note: The following steps do not have a one to one correspondence to steps as listed in table 4-6.
F.1 Determine seismic force effects.

Seismic forces (F,) shall be determined at each pipe location (i.e., S;, S,, and S;) in accordance with
chapter 10 as follows:

04a_SpcW
F, =—&1(1+2E) (EQ. 10-1)
R, /I, h
where; z/h=21/36=0.58 (Figure J3-1)
We: Wp@s1 = 619-1bs or 0.619* (2.75KN) (as previously calculated)
Wpas2 = 939-1bs or 0.939* (4.18KN) (as previously calculated)

Weass = (217 + 7°)(1/2)45plf = 6301b or 0.630k (2.80KN)
F, is not required to be taken greater than:

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

F, = 03SpgI, W, (EQ. 10-3)
Seismic load at location S,;

4(1.0)0.81(0.619*
o1 = 0 (101)25/1(100619 )(1+2(058)) =056(0.619%) = 0347% (1.54KN)

Note: The seismic coefficient is 0.56 and is applicable at all locations along the pipe.

(Fp)max = 16(081)10(0.619%) = 0.802" > 0347% =F,, (3.57KN > 1.54KN) OK.

(Fy)min = 03(081)1.0(0.619%) = 0.150* < 0.347* =F,, (0.67KN < 1.54KN) OK.

Seismic load at location S,;
E,, = 056(0939%) =0526" (2.34KN)

(Fy2)max = L6(081)10(0939%) = 122% > 0526" =F,, (5.43>2.34KN) oK.
(Fy2)min = 03(081)1.0(0939%) = 0228* < 0526* =F,, (1.01KN <2.34KN) O.K.

Seismic load at location S;;
F,; = 056(0636*) = 0356 (1.58KN)

(Fp3) max = 16(081)10(0630% ) = 0817% > 0.356* = F,; (3.63KN > 1.58KN) OK.
(Fy3)min = 03(081)10(0630%) = 0153 < 0.356" = F,; (0.68KN < 1.58KN) O.K.
F.2 Design members.
Design for loads transverse to pipe axis (see Figure J3-2);
Note: Supports for loads transverse to pipe axis are located at locations S;, S, and S;.

At location S;;
Seismic load per brace;
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b - (0.347%)4/2

u

Dead load per brace;
(0619%)4/2
p,=—— <

Load combinations;
U=1.4D;
U=1.2D + E;
U=09D -E;

At location S;;
Seismic load per brace;

b= (0.522")«/5

u

Dead load per brace;
b - (0.939)+/2
2

u
Load combinations;
U=1.4D;
U=1.2D + E;
U=09D -E;

At location S;;

=0.245"/>%® (1 09K N/brace)

= 0438/ (1 99K N/brace)

P, = 1.4(0.438*) = 061> (2 71K N/brace)
P, = 1.2(0.4382%®) 4 0,245/ =  774%%= (3 42K N/brace)
P, = 0.9(0.438%3®) _ 0,245 = 0, 15"*= (0 67K N/brace)

=0372K/Prae (1 65K N/brace)

= 06645/ (2,95K N/brace)

P, = 1.4(0.664*9 = 0,93 (4. 14K N/brace)
P, = 1.2(0.66423®) 4 037217 = 1 177%® (5 20K N/brace) (governs)
P, = 0.9(0.66423®) _ 0,372¥"a= = 0, 234"*= (1 02K N/brace)

Note: No dead load acts at location Ss.

Seismic load per brace;
(0.356%)+/2
P, =—

Load combinations;
U=E;

=0.25%/P%® (111K N/brace)

P, = 0.25"* (1.11KN/brace)

Note: Braces always act in tension.

Check capacity of angle braces;
Check yielding on the gross area;

f (P, = 090K A4 = 0.9(36ksi)0.715- in? =232% >117X =P, (103.2KN > 5.20KN) OK.
Check fracture on the effective net ares;

f P, =075F,A, = 0.75(58ksi)0.281- in* =122 >117* =P, (54.3KN > 5.20KN) OK.

Use 2-L 2x2x3/16 (2-L 50.8mmX50.8mmxX4.8mm) br aces
Design connections to pipe;
Determine design loads;

ll?k/brace .
T, =V, = =———— = 0gaK/cmetion 3 69K N/connection)
V2
Try asingle 3/8" f A307 balt in a bearing type connection;
Check shear;
fR, =TF,A, where; f, =075 (per AISC LRFD section J3.6)
Fn = 24ks (per AISC LRFD Table J3.2)
2
A, = @ =011- in? (71.0mm?)

fR, =fF,A, =07524ks)011- in®> =198% > 083" =V, (8.81KN > 3.69KN)
Check bearing;
By inspection, L > 1.5d;

O.K.



R, =24dtF, with; f =075 (EQ. J3-1a AISC LRFD)

fR, =07524(3/8")3/16" (58ksi)) = 7.35 > 083 =V, (32.7KN > 3.69KN) OK.

Check combined tension and shear;
Thetension limit stress s,
59- 19f, £ 45ks (310.3MPa) (per AISC LRFD Table J3.5)

Therefore,

k
R, __083 - =755s (52.1MPa)

Y7A, o0ll-in
50ksi - 19(755ks) = 44.7ks < 45ks  Therefore, F, = 44.7ks (308.2MPa)

fR, =fRA, = 0.75(44.7ks)011- in? =369 >083" =T, (16.4KN > 3.69KN) OK.

Useasingle 3/8" f balt for connectionsto pipe

Design connections to concrete;
Note: For anchors in concrete without special inspection, Section 9.2.1 in FEMA 302 requires an
additional load factor of 2.0. Therefore;

P, =V, = 2(0.83) = 1.66" (7.38KN)
Try asingle 3/8” (9.53mm) f A307 bolt in a bearing type connection;
Check capacity in shear;
Sted!;

V., =(0.75A,F,)n (EQ. 9.2.4.2-1 FEMA 302)
For 3/8” (9.53mm) f bolt (A 307)

where, A, =0.11-in? (71.0mm?)
F, =60ks (413.7MPa)

n = 1-bolt
V, = 0.75(011- in?)60ksi(10- bolt) =495 >166* =V, (22.0KN > 7.38KN) oK.
Concrete;
£V, = (f800A | 4/f.)n (EQ. 9.2.4.2-2 FEMA 302)
where, f =0.65
| =1.0 (normal weight concrete)
f¢ =4,000ps (27.6MPa)
n = 1-bolt
\ fV, =065800)011- in?(10),/4,000ps = 0.65557%) = 362% (16.1KN)
fV, =362% >166* =V, (16.1KN > 7.38KN) OK.
Check capacity in tension;
Stedl;
P, = (09A F,)n (EQ. 9.2.4.1-1 FEMA 302)
where, A, =0.11-in? (71.0mm?)
F,=60ks (413.7MPa)
n = 1-bolt
\ P, =09(011- in?)60ksi(1- bolt) =594 >166% =P, (26.4KN > 7.38KN) OK.
Concrete;
£P, =f1 |Jf_ (28A9n (EQ. 9.2.4.1-2 FEMA 302)
where, f =0.65
| =1.0 (normal weight concrete)

f, =4,000ps (27.6MPa)
As = p(3")3" = 283-in*> (18.25X10° mm?) (for a 3-in. (76.2mm)
embedment)



. #P_ = 0.65(1.0)/4,000psi(2.8(28.3 - in?))(1 - bolt) = 0.65(5.01*) = 326* > 1.66* =P,

(14.5KN > 7.38KN) 0O.K.
Check combined tension and shear;

Per section 9.2.4.3 of FEMA 302, all of the following conditions shall be met;

condition (a) %(%)sm (EQ. 9.2.4.3-1a FEMA 302)
k
L 1'66k =046<10 O.K.
0.65\ 557
» 1(P
condition (b) Z(P_U)Sm (EQ. 9.2.4.3-1b FEMA 302)
k
L 1‘66k =051<10 O.K.
0651 501
il(e. Y (v.Y
condition (c) —||=2] +|—=] |<10 (EQ. 9.2.4.3-1c FEMA 302)
o\ P Ve
1 {166 (166*Y 1
. + = = (0.089+011)=031<10 0.K.
0.65|\ 557% 501% 0.65
pY (v.Y
condition (d) [P—) +(7) <10 (EQ. 9.2.4.3-1d FEMA 302)
s S
1668\’ (166 )
—— | +|-——| =(0078+0112)=019<10 0.K.
594 495

Use a single 3/8” (9.53mm) ¢ A307 bolt to concrete

Design for loads longitudinal to pipe axis (see Figure J3-3);

6”9 Std Pipe b 4
l<
L2x2x3/16 |
Brace (typ) \
3/8"¢
Anchor bolt
45° with 3”7 embedment

into concrete (typ)

Pipe clamp
3/8"¢ Bolt (typ)

Note: For metric equivalents; 1-in = 25.4mm
Figure J3-3. Longitudinal pipe restraint and force diagram

Note: Supports for loads longitudinal to pipe axis are located at location S, only. Assume that the
horizontal section of pipe at the 3" floor has longitudinal braces spaced at 60-ft (18.3m). on center.

137



Therefore; (Wp@s2)ing = (607 + 117)(1/2)45plf = 1,598-Ibs or 1.60* (7.11KN)
F, = 0.56(1.60") = 0.896" (3.99KN)
Seismic load per brace;

_, (0896" )2
T2

P = $0.633/%™* (2 82K N/brace)

u

Note: Brace acts in both tension and compression.
Try a single L2x2x3/16 (L50.8mmX50.8mmX4.8mm) brace.
Check capacity of brace;
Note: By inspection, the brace is adequate in tension. Also, the brace is a singly symmetric shape that is
susceptible to flexural-torsional buckling. Therefore, equations from Appendix E3 of AISC LRFD are
invoked.
Compare slenderness ratios;
The length of brace is established from Figure J3-1. Assume floor slab is 6-in. (152.4mm) thick, and that
attachment to the pipe is made one pipe diameter below the horizontal pipe centerline.
L =+2(24'-21'-05+05') = 424" (1.29m)
KL, KL, 10(4.24')12"/1)
I, I, 0.617"
KL, 1.0(4.24")(12"/1")
I, 0.394"
Check flexural buckling;
PPy = g A F with; @, =085 (EQ. E2-1 AISC LRFD)
From Table 3-36 of AISC LRFD;
¢ .F, =1272ksi (87.7MPa) (interpolated)

=825

=1291 (governs)

and
¢P, =9 .AF, = (12.72ksi)0.715—in? = 9.1¥ (40.5KN)
Check flexural-torsional buckling;
PPy =P A F, with; ¢, =085 (EQ. A-E3-1 AISC LRFD)

. _Fy+E, [1+ | AE,FH )

2 H - F+F )2 (EQ. A-E3-6 AISC LRFD)
ey €z

7’E

= —— EQ. A-E3-11 AISC LRFD)
YK /1) (FQ

2
E, = [” EC; +GJ] L (EQ. A-E3-12 AISC LRFD)
(KD Ar;
where; A =0.715-in’ (461.2mm?)

1=4.24(12”/1) = 50.9-in* (32.8X10’ mm?)

K,=10 (no sway)

K.=1.0 (ends are rotationally restrained)

1,=0.617-in (15.67mm) (from AISC LRFD properties tables)

T, =1.10-in (27.94mm) (from AISC LRFD torsional properties

tables)

C,, = 0.00254-in° (682.1X10° mm®)(from AISC LRFD torsional
properties tables)

E = 29,000ksi (200X10° MPa)

G =11,200ksi (77.2X10°> MPa)

J=0.00880-in* (3.67X10° mm®*) (from AISC LRFD torsional
properties tables)

H=0.628 (from AISC LRFD torsional properties tables)

J3-8



_ %(29,000ksi)
¥ (825)>

- [nz (29,000ksi)0.00254 — in®
” (10(4.24'(12"/11)))?

=421ksi (290.3MPa)

+11,200ksi(0.00880 —in*) ! =1257ksi
2 -2
0.715-1in" (110 —1in)

(866.7MPa)

E,, +F,, = 42.1ksi+125.7ksi = 168ksi (1.16X10’ MPa)

_ 168ksi [ [ 4(421ksi)114ksi(0.628)
€ 2(0.628) (173)?

Check local buckling;

b S 20 =10.67 <1267 = 78 =Q=10 (per paragraph E3 of Appendix E of AISC LRFD)

t 3/16 JE

Determine which equation to use;

] =237ksi (1.63X10° MPa)

A= JF, /F, (EQ. A-E34 AISC LRFD)
A, =+/36ksi/ 237ksi =039 <15
F, = Q(o.658°‘2= )Fy (EQ. A-E3-2 AISC LRFD)

F, = 1_0(0,65314‘“0-39’2 )36ksi =338ksi (233.1MPa)

=0.85(0.715-in?)33.8ksi = 205% (91.2KN)
Therefore, flexural buckling controls.

¢.P, =773 >0633* =P, (33.4KN >282KN) OK.
Use L2x2x3/16 (L50.8mmX50.8mmX4.8mm) brace

. ¢CPI'I = ¢CA F

grer
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