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Industrial Plant Pipe Rack Foundations Analysis and Design

Industrial pipe rackgypically support pipes, power cables and instrument cable trays in petrochemical, chemical

paper millsand power plants. Occasionally, pipe racks may also support mechanical equipment, vessels and valve

access platforms. Main pipe racks getigrtransferprocessnaterial between equipment and storage or utility areas

where operatiospecific load cases and temperature effect often complicates the structural analysis and the resulting

foundation reactionsStorage racks found in warehousesrasepipe racks, even if they store lengths of pifigs

case study foceson the design opipe rack foundationasingthe engineering software prograanMats All the

information provided by the sturcutral engineegarding the pipe rack foundations are shown in the following figure
and design data sectiamd will serve as input for foundation desi@®cause of poor soil conditions at the site and
tower height, significant uplift is expected and a pile suppdaeddation is selected to resist the design overturning

moment s.

300

di ameter piles are assembl ed
T L
I_ |\\\, \\\,/iI
| nk)
| EP:
' r,_\ r—|P7 AR
| Pyt--L
2 E—y S
i L30T |
Pile Cap 1 Pile Cap 2
2 10 10 7
7N O D
/ J
\ _/ |_|—|:T‘f’, \_,/I
e |
4.0(
e |
1p, L
T P[> AT~ Pr— |71
[ -|_ If Y i ¥ (|
o/ ./ o/ |
— — — 4|
P
P[] -
208
10 17 208
Pile Cap 3

Figureli Industrial PlanPile CapFoundationgypes

n

pil e

Version:Mar-01-2019

caps


http://www.spmats.org/

Structure Point

CONCRETE SOFTWARE SOLUTIONS

mats

Code

Building CodeRequirements for Structural Concrete (ACI 31§ and Commentary (ACI 318R4)

Reference
spMats Engineering Software Program Manual v8.50, StucturePoint LLC., 2016

Design Data
Concrete Piers
Size =1.5 ft x 1.5ft
Pile Cap Foundations
fc6 = 3,000psi
fy =60,000psi
Thickness =3 ft

Clear Cover = 2 in.

ConcretePiles
fc6 = 4,000psi
fy =60,000psi
Diameter = 5t
Clear Cover = 3in.
Length =33t
Pile embedment = 6 in.

Foundation Loads

Load, kips
Py P, Ps P4
Dead -6 65 165 4
Live 251 35 85 -45™
Wind 40 -160™ -35™ 160

Load locations are shown in the following figure
™ Negative values indicate uplift loads

Load Case
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1. Foundation Analysis and Desigri spMats Software

spMatsuses the Finite Element Method for the structural modgeéinglysisand desigrof reinforced concrete

slab systems or mat foundations subject to static loading conditions.

The slab, mat, or footini idealized as a mesh of rectangular elements interconnected at the corner nodes. The
same mesh applies to the underlying soil wita oil stiffness concentrated at the nodes. Slabs of irregular
geometrycan be idealized to conform to geometry with rectangular boundaries. Even though slab and soil
properties can vary between elements, they are assumed uniform within each dRileenate modeled as
springs connected to the nodes of the finite element model. Unlike for springs, however, punching shear check is

performed around piles.

For illustration and purposes, the following figures provide a sample of the input maddleesul obtained

from spMatsmodek created fothe industrial planpipe rackfoundationgpile capsjn this example.
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Dima 300000 in
Dimb 0,0000 in
Dime 0.0000 in
Dimd 0.0000 in
Length 33,0000 ft

Spring Const.. 22806467 ki




Structure Point

CONCRETE SOFTWARE SOLUTIONS

sTmats

Define
Assign
Solve

Options

Project

Define
Assign
Solve
Options

THan
&I&Iu B

T_'

Typel

B Muy
A
- Asy
Pressure Down
Displacement Up
Displacement Down
& Service
£ Ultimate
- Displacement

Pan Xell47, 7224 [

= Envelope
- M

Dz(dn),

-am

s

- Muy
b Asx
- Asy
Pressure Down
Displacement Up.
Displacement Down
£ Senice
) Displacement
¥ Pressure
& Ultimate
& Displacement
™
- Myy
- My
M
M2

Type3

Pan

X379Y=752 |t

B-Muy
A
@ Asy
Pressure Down
Displacement Up
Displacement Down
£ Senvice
& Displacement
@ Pressure
£ Utlimate
& Displacement

Figure6i Vertical Displacement Contosi(Note cantilevered corner displacement)




Structure Point

CONCRETE SOFTWARE SOLUTIONS

sTmats

Project
Define
Assign
Solve

Options

Project
Define
Assign
Solve
Options

Project
Define
Assign
Solve

Options.

funsober Rt T |

Displacement Up
Displacement Down
& Senvice
& Utimate
& Displacement.
# Mo

HomalView | %=335 =150

- Ase

@ Asy

Pressure Down
Displacement Up
Displacement Down
& Senvice
[ Displacement.
[ Pressure
E Uttimate
& Displacement
4 M
B My

[ HomalView | %840.¥=201 |

Homial View | %-10.08,Y-343 [t

Pressure Down
Displacement Up
Displacement Down
& Senice
& Displacement
) Pressure
& Uttimate
& Displacement

Type3

Figure7 i Moment Contous along Y-Axis




Structure Point _
CONCRETE SOFTWARE SOLUTIONS SIﬁatS

=

sTrhats
Project
Define
Assign

Solve

Options

HomalView | X123, Y221 |1

Projoct
Define
Assign B M
- Muy
# An
o Asy
Pressure Down.
Drsplacement Up
Displacement Down
& Service
1 Displacement
i Pressure.
£ Utimate
1 Displacement

I:5

H E
ES Bl

H 3 A Bk

HHY
d H H B

o
=
=

Type2

NomalView | X=355.Ys184 |

Type3

NomalView | Xs2221. =303 (R

Figure8 i1 Moment Contous along XAxis - Complete Model




Structure Point

CONCRETE SOFTWARE SOLUTIONS

sTmats

Project
Define
Assign
Solve

Options.

Project
Define
Assign
Solve

Options

—
s'mats
Project
Define
Assign

Solve

Options

\I

3
=
=

Nomal View | %e302.Y=16.38 |1

Typel

Type2

HoumalView | ¥-093,Y=1887 [#

£

Il

HHHAE

.
dil

-5.

Type3

NomalView | X=110.¥=667 |k

Pressure Bown
Displacernent Up.
Displacement Down
) Service
& Ulimate

Pressure Down
Displacement Up
Displacement Down
) Senice
& Displacement
& Pressure
@ Uhimate

Figure9i Required Reinforcement ContsalongY Direction




Structure Point

CONCRETE SOFTWARE SOLUTIONS

sTmats

Project
Dofine
Assign
Solve

Options.

g

4 H B

il

\\I

-5.

Project
Define
Assign
Solve

Options

| H B

q 3 BB

Lk

5.
-
~+

Project
Define
Assign

Solve

Options

r

r

<
~+

Typel

NomalView | X«1458 Y=230 |h

Type2

NomalView | ¥e10.9, =209 It

Type3

[NomalView | X=1.10.Y=667 |1

& Envelope
& Mux
# Muy
& Ase
Top
Bottom
) Ay
Pressure Down
Displacement Up
Displacement Down
® Service
@ Uimate

& Envelope
B Mux

& Muy
B As
Top
Bottom
& Asy
Pressure Down
Displacement Up
Displacement Down
& Service
® Displacement
® Pressure
@ Ultimate

Displacement Up
Displacement Down
£ Service

& Displacement

@ Pressure
@ Uttimate

Figurel0i Required Reinforcement ContsalongX Direction

10



Structure Point Aot
CONCRETE SOFTWARE SOLUTIONS Hmats

2. Two-way Punching Shear Check

According to ACI 31214 (R13.2.7.2), if shear perimeters overlap, the modified critical perimeter should be taken
as that portion of the smallest envelope of individual sheamgeters that will actually resist the critical shear for
group under consideratiospMatsreports standard shear perimeter for three conditions (interior, edge, and

corner) only considering adequate spacing and did¢ence is provided to prevent overlapping or truncated shear
perimeter.

ate

Figurelli Two-Way Shear Results arou@bncrete Piers
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3. Pile Reactions

The model results provide a detailed list of the pile reactions indicating the magnitude and direction of the
resulting forces on each pile in the foundation model. Whédiree is downward compression or upward net

tension on the pile, the load combination producing the maximum reaction is denoted in the output results table.

Type 1l

Figure13i Piles Service Reactions
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