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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 steel 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 HVAC.  The building and equipment performance objective is
life safety (LS).  Additionally, the equipment is not required to function after an earthquake.

Note:  For metric equivalent; 1-ft = 0.30m
Figure J3-1.  Water pipe and bracing elevation
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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 Level: LS     (per problem statement)
Seismic Use Group: I                          (Table 4-4)
Ground Motion: 2/3 MCE (A)                          (Table 4-4)
Performance Objective: 1A                          (Table 4-4)

A.2 Determine site seismicity.

The following values are assumed for this example:
SS = 1.20g        (MCE Maps)

A.3 Determine site characteristics.

Soil type D is assumed for this problem
Soil type: D                          (Table 3-1)

A.4 Determine site coefficients.

Fa = 1.02 (interpolated)                        (Table 3.2a)

A.5 Determine adjusted MCE spectral response accelerations.

SMS = FaSS = 1.02(1.20)g = 1.22g                            (EQ. 3-1)

A.6 Determine design spectral response accelerations.

SDS = 2/3 SMS = 2/3(1.22) = 0.81g                          (EQ. 3-23)

A.7 Bracing system.

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 Select Rp, ap, and Ip factors.

ap = 1.0                        (Table 10-1)
Rp = 1.25                        (Table 10-1)
Ip = 1.0                                     (per paragraph 10-1d)
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A.10 Determine member sizes for gravity load effects.
Note:  Only supports S1 and S2 support gravity loads.  Additionally, connection design will be postponed
until the seismic analysis is complete.
Dead load acting at supports is determined as follows;
a. Determine unit weight of pipe;

6” φ pipe; 19plf
Flanges;  4plf
Supports;  2plf
Water; 20plf
Total = 45plf  (0.66KN/m)

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

c. Determine dead loads;
WP@S1 = 13.75’(45plf) = 619-lbs  (2.75KN) (typical for horizontal spans)
WP@S2 = (13.75’ + 28’)(1/2)45plf = 939-lbs  (4.18KN) (governs for gravity load design)

Therefore, one design, based on the worst case loading at location S2, will be used throughout for gravity
loads.

Member design (see Figure J3-2);

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

Factored dead load acting at support; Pu = 1.4WS2 =1.4(939-lbs) = 1,315-lbs, or 1.32k  (5.85KN)
For two braces inclined at 45 degrees (one on either side of pipe), the ultimate load per brace is determined
as;

Pu

k
k brace= =( . )

. /132 2
2

0 93   (4.14KN/brace)

Try L2x2x3/16  (L50.8mmX50.8mmX4.8mm) (Area = 0.715-in2 (461.2mm2)) attached using one 3/8”
(9.53mm)  φ bolt per connection;
Check yielding on the gross area;

φ φt n t y gP F A= where; φt = 0 90.                  (EQ. D1-1  AISC LRFD)
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Pu

k
k brace= =( . )

. /0 347 2
2

0 245   (1.09KN/brace)

Dead load per brace;

Pu

k
k brace= =( . )

. /0 619 2
2

0 438   (1.99KN/brace)

Load combinations;
U = 1.4D; Pu = 1.4(0.438k/brace) = 0.61k/brace  (2.71KN/brace)
U = 1.2D + E; Pu = 1.2(0.438k/brace) + 0.245k/brace = 0.77k/brace  (3.42KN/brace)
U = 0.9D – E; Pu = 0.9(0.438k/brace) – 0.245k/brace = 0.15k/brace   (0.67KN/brace)

At location S2;
Seismic load per brace;

Pu

k
k brace= =( . )

. /0526 2
2

0 372   (1.65KN/brace)

Dead load per brace;

Pu

k
k brace= =( . )

. /0 939 2
2

0 664   (2.95KN/brace)

Load combinations;
U = 1.4D; Pu = 1.4(0.664k/brace) = 0.93k/brace  (4.14KN/brace)
U = 1.2D + E; Pu = 1.2(0.664k/brace) + 0.372k/brace = 1.17k/brace  (5.20KN/brace) (governs)
U = 0.9D – E; Pu = 0.9(0.664k/brace) – 0.372k/brace = 0.23k/brace   (1.02KN/brace)

At location S3;
Note:  No dead load acts at location S3.
Seismic load per brace;

Pu

k
k brace= =( . )

. /0 356 2
2

0 25   (1.11KN/brace)

Load combinations;
U = E; Pu = 0.25k/brace  (1.11KN/brace)

Note:  Braces always act in tension.
Check capacity of angle braces;
Check yielding on the gross area;

φt n y g
k k

uP F A ksi in P= = − = > =0 90 0 9 36 0 715 232 1172. . ( ) . . .   (103.2KN > 5.20KN)       O.K.

Check fracture on the effective net area;
φt n u e

k k
uP F A ksi in P= = − = > =0 75 0 75 58 0 281 12 2 1172. . ( ) . . .   (54.3KN > 5.20KN)       O.K.

Use 2-L2x2x3/16 (2-L50.8mmX50.8mmX4.8mm) braces
Design connections to pipe;
Determine design loads;

T Vu u

k brace
k connection= = =117

2
083

.
.

/
/     (3.69KN/connection)

Try a single 3/8” φ A307 bolt in a bearing type connection;
Check shear;

φ φR F An n b= where; φt = 0 75.         (per AISC LRFD section J3.6)
 Fn = 24ksi           (per AISC LRFD Table J3.2)

A inb = = −π( / ")
.

3 8
4

011
2

2   (71.0mm2)

φ φR F A ksi in Vn n b
k k

u= = − = > =0 75 24 011 198 0832. ( ) . . .   (8.81KN > 3.69KN)       O.K.
Check bearing;
By inspection, Le > 1.5d;
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R dtFn u= 2 4. with; φ= 0 75.                 (EQ. J3-1a  AISC LRFD)

φR ksi Vn
k k

u= = > =0 75 2 4 3 8 3 16 58 7 35 083. ( . ( / ") / "( )) . .   (32.7KN > 3.69KN)       O.K.
Check combined tension and shear;
The tension limit stress is;

59 19 45− ≤. fv ksi  (310.3MPa)           (per AISC LRFD Table J3.5)
Therefore,

f
P
A in

ksiv
u

b

k

= =
−

=083
011

7 552
.

.
.   (52.1MPa)

59 19 7 55 44 7 45ksi ksi ksi ksi− = <. ( . ) . Therefore, Ft = 44.7ksi  (308.2MPa)

φ φR F A ksi in Tn t b
k k

u= = − = > =0 75 44 7 011 369 0832. ( . ) . . .   (16.4KN > 3.69KN)       O.K.
Use a single 3/8” φ bolt for connections to 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;

Pu = Vu = 2(0.83k) = 1.66k  (7.38KN)
Try a single 3/8” (9.53mm) φ A307 bolt in a bearing type connection;
Check capacity in shear;
Steel;

V A F ns b u= ( . )0 75              (EQ. 9.2.4.2-1  FEMA 302)
For 3/8” (9.53mm) φ bolt (A 307)

where; Ab = 0.11-in2   (71.0mm2)
Fu = 60ksi  (413.7MPa)
n = 1-bolt

V in ksi bolt Vs
k k

u= − − = > =0 75 011 60 10 4 95 1662. ( . ) ( . ) . .   (22.0KN > 7.38KN)           O.K.
Concrete;

φ φ λV A f nc b c= ( )'800              (EQ. 9.2.4.2-2  FEMA 302)

where; φ = 0.65
λ = 1.0  (normal weight concrete)
fc’ = 4,000psi  (27.6MPa)
n = 1-bolt

∴ = − = =φV in psic
k k0 65 800 011 10 4 000 0 65 557 3622. ( ) . ( . ) , . ( . ) .   (16.1KN)

φV Vc
k k

u= > =362 166. .   (16.1KN > 7.38KN)       O.K.
Check capacity in tension;
Steel;

P A F ns b u= ( . )0 9              (EQ. 9.2.4.1-1  FEMA 302)
where; Ab = 0.11-in2  (71.0mm2)

Fu = 60ksi  (413.7MPa)
n = 1-bolt

∴ = − − = > =P in ksi bolt Ps
k k

u0 9 011 60 1 594 1662. ( . ) ( ) . .   (26.4KN > 7.38KN)                     O.K.
Concrete;

φ φλP f A nc c s= ' ( . )2 8              (EQ. 9.2.4.1-2  FEMA 302)

where; φ =0.65
λ = 1.0 (normal weight concrete)
fc’ = 4,000psi  (27.6MPa)
As = π(3”)3” = 28.3-in2  (18.25X103 mm2) (for a 3-in. (76.2mm)
embedment)








