Analysis and Design of Steel Shelter — AISC 360
www.rcenggstudios.com
Engineering Concepts

1. PURPOSE AND SCOPE

The scope of this document is to provide the calculations for the Analysis and Design of
Steel Shelter.

The software used for structural analysis and design is STAAD Pro Connect Edition
A three-dimensional model of shelter structure is created in STAAD and all relevant loads
are applied in accordance with ASCE 7-10 and member design is performed according to

AISC-360-10.

In detailed design phase, appropriate design and detailing considerations as per AISC 341
shall be considered as necessary.

This document covers only sizing of primary steel members. The design of connections and

sizing of secondary & tertiary steel members shall be performed in the detailed design
phase.

2. REQUIRED REFERENCES

This section lists the practices, codes, standards, specifications, and publications that shall
be used with this document. Unless otherwise specified herein, use the latest edition.

3. PROCESS INDUSTRY PRACTICES

PIP Description

PIP STC01015 Structural Design Criteria

4. INTERNATIONAL CODES

CODES Description

ASCE 7-10 Minimum Design Loads for Buildings and Other Structures
AISC 360-10 Specification for Structural Steel Buildings

AISC 341-10 Seismic Provisions for Structural Steel Buildings

5. REFERENCE LITERATURES

Reference Literature/ Design Guide Title
ASCE 41180 Wind Loads for Petrochemical and Other Industrial Facilities
ASCE 40262 Wind Loads and Anchor Bolt Design for Petrochemical

Facilities
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6. MATERIALS

All materials and structural steel components shall be in accordance with project
specification “Design Specification for Steel Structures”.

Constant Value
W-shapes, WT-shapes ASTM A992/A992M
Yield strength, (Fy in MPa) 345
S-shapes, Channels, Angles ASTM A36/36M
Yield strength, (Fy in MPa) 250
Elastic Modulus E = 210,000 MPa
Density 7850 kg/m3
Poisson’s Ratio v=03
Co-efficient of Thermal Expansion a=12x 106 m/m °C

7. STRUCTURE DESCRIPTION
The Geometry of Off-gas Compressor Shelter is considered as per General Plot Plan Layout
The dimension as below;

e Width of the structure is 15.00m;

e Lengthis 36.0m;

e Frame spacing is 6.0m;

e Eave height 15.00m

e Roof Slopeis 1in 10.

The shelter structure is enclosed with sheeting on all sides, except 3.0m opening above

FGL. Shelter is considered to be supported on concrete pedestal of height 0.3 m from the
ground.

Shelter consists of:

e Gantry girder supporting 8 MT rated capacity crane.

Moment resisting frames in transverse direction, braced framing in longitudinal direction.
Column Base supports are fixed in transverse direction & pinned in longitudinal direction.
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3D View of Shelter-01

8. STAAD MODEL
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Note:

Braces are considered as TRUSS members (pure Axial) in STAAD which is same as members with

end moment releases.

Figure 4-2 Isometric View of Shelter with releases & support
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10. MEMBER PROPERTY
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SL. No Member No Members

1 R1 HE160A

2 R2 HE160A

3 R3 L120X120X12 SD
4 R4 L90X90X10 SD

5 R5 HES500A

6 R6 HE600B

7 R7 HE450A

11. LOADS & LOAD COMBINATIONS

Load case No. [Load case Loads

1 DS DEAD LOAD (DS)

2 L1 LIVE LOAD(L1)

3 L2 CRANE IMPACT LOAD (L2)

4 LR ROOF LIVE LOAD (LR)

5 WXL(+) WIND LOAD (WX (+) CASE A Cpi = -0.18)
6 WX2(+) \WIND LOAD (WX (+) CASE B Cpi = 0.18)
7 WX1(-) \WIND LOAD (WX (-) CASE A Cpi = -0.18)
3 WX2(-) WIND LOAD (WX (-) CASE B Cpi = 0.18)
0 WZ1(+) WIND LOAD (WZ (+) CASE A Cpi = -0.18)
10 WZ2(+) WIND LOAD (WZ (+) CASE B Cpi = 0.18)
11 WZ1(-) \WIND LOAD (WZ (-) CASE A Cpi = -0.18)
12 WZ2(-) \WIND LOAD (WZ (-) CASE B Cpi = 0.18)
13 EX SEISMIC LOAD (EX)

14 EZ SEISMIC LOAD (EZ)

15 EY SEISMIC LOAD (EY)

16 TS1 SUSTAINED THERMAL LOAD (TS MAX)
17 TS2 SUSTAINED THERMAL LOAD (TS MIN)

12. DEAD LOAD (DS)

Structural self-weight of modelled steel members is automatically generated in STAAD.

Structural self-weight of all steel members is calculated with a unit weight of steel as
78.5kN/m3 multiplied by a contingency factor of 1.2 to account for connection details

Fire proofing to the structural members (column, beams & vertical bracing) is considered
upto elevation 10 m. The 50mm thick concrete fireproofing is considered in accordance with
“Passive Fire Protection Technical Specification. The fireproof weight is calculated

automatically in STAAD.

Table Primary Load case
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Dead Load On Roof

Self-weight of roof/wall sheet (assumed) =

Self-weight of purlin and girts (UPN 200) =

6.00
= 0.06
25.3
= 0.25

Assuming purlins are located at every 1.0m spacing
Area load due to purlin
Total dead load for sheeting

= 0.25
= 0.25+0.06
= 0.313

Considering 20% contingency for connections
Design dead load for sheeting

ROOF AREA

= 0.38

kg/m?
kN/m?2
kg/m
kN/m
kN/m?2
kN/m?2

kN/m2

Contributing span

(m)

Unit load (kKN/m?)

Sheet load including Purlin weight (KN/m)

3 0.38 1.14
6 0.38 2.28
SIDE WALL

Contributing span

(m)

Unit load (kN/m?)

Side sheeting load including Side runner (kN/m)

3 0.38 1.14
6 0.38 2.28
3.75 0.38 143
7.5 0.38 2.85

The Dead load of 2.5 kN/m shall be applied on longitudinal roof beams to account for roof ridge

ventilation members.
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Dead Load - Gantry Girder

Self weight of crane gantry girder

Self weight of supporting bracket beam

Gantry Girder Supporting Bracket Beam Total Force
Contributing Unit Selfweight | Contributing Unit Selfweight | TOTAL Lever | Moment
span load of crane span load of Bracket Dead Arm (KNm)
(m) (KN/m) gantry (m) (KN/m) Beam load, (m)
girder (KN) (kN)
(kN)
3 1.18 3.54 1.25 1.25 4.79 4.79
6 1.18 7.08 1.25 1.25 8.33 8.33

Crane Dead Load (CD)
Crane load is considered 8T lifting capacity (Assumed).

For the overall structural design, the critical crane load calculated is applied on all the
frames. The Crane Loads are applied at EL (+)12.00m.

Design Load calculation is as follows.
Rated load capacity of crane W 8000 kg = 80 kN

Span of crane 15.00 m
Weight of crane bridge (INCLUDED OTHER WEIGHTS) Wec

= 4000 kg = 40 kN
Weight of hoist and trolley ~ Wt = 800 kg = 8 kN
No of wheel on each side = 2
No's
Wheel base = 315 m
Distance of the hook from grid-1 = 1 m
Distance of the hook from grid-3
Primary Load cases due to Crane operation:
= 1 m
Dead (CD) = vertical dead load of the crane + trolley weight
1) Wheel load due to crane bridge
(Crane bridge load / 2) / No. of Wheel on one side =(40/2)/2

= 10 kN
2) Wheel load due to hoist and trolley

8 kN




Analysis and Design of Steel Shelter — AISC 360

www.rcenggstudios.com

Engineering Concepts

a) When hook is near grid —-A

Wheel load on grid -A  =3.73 kN =(8x14/15)/2
Wheel load on grid -C = 0.27 kN =(8x1/15)/2
. Dead (CD) = Bridge
Wheel Load Bridge Load Trolley Load Load + Trolley Load
kN kN
kN
Wheel load along grid A 10.00 3.73 13.73
Wheel load along grid C 10.00 0.27 10.27

M3.730kN  [13.730 kN

= 0.000 kN

=24.539 kN

Figure Crane-Dead Load Max Staad reaction on Grid A column support

e Maximum Wheel load = 24.540 kN (applied in staad for all gantry support columns)

¢ Moment due to gantry supporting beam = 1m; 24.54 x 1m =24.540 kNm

HMO.2Z7T0 kN [10.270 kN

= 0.000 kN
= 18.355 kN
=10.000 kN
IX = FREE
Y = FREE

7 = FREE

Figure Crane-Dead Load Max Staad reaction on Grid C column support

e Maximum Wheel load = 18.355 kN (applied in staad for all gantry support columns)

e Moment due to gantry supporting beam = 1m; 18.355 x 1m = 18.355 kNm
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Dead Load (DS)
13. LIVE LOAD (L1)

The Walk way of width 1.0m is assumed for crane accessibility at EL (+)12.00m. The live
Load is considered as 2.87kN/m2 (Section 4.1.3 of PIP STC01015).

Platform LL
Width

2.87 kN/m?
1 m

Contributing span (m)|Unit Load Live Load on Platform (kN)
(kN/m?)

3 2.87 8.61
6 2.87 17.22
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17.220 kN
F17.220 kN

F17.220 kN

|'¥7.220 kN

18.610 kN
N
=4

/

Live Load (L1)

14. CRANE IMPACT LOAD (L2)

CRANE OPERATING (CO)

Wheel load due to Rated load Capacity

F¥7.220 kN

18.610 kN

80 kN
| im l 14m

15m

;;!!; Grid C

When hook is near grid —A
Wheel load on grid -A =(80x14/15)/2 =37.33 kN

Wheel load ongrid-C=(80x1/15)/2 = 2.67 kN
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Crane Operating (CO)
kN

Wheel Load
Wheel load along grid A 37.33
Wheel load along grid C 2.67

L
[

|37.

La

|37.330 kN

0 kN

= 0.000 kN
=66.719 kN

Crane-Operating Load Max reaction on Grid A column support

Maximum wheel load = 66.719 kN (applied in staad for all gantry support columns)
Moment due to gantry supporting beam = 1m; 66.719 x 1m =66.719 kNm

2.67 KN
= 0.000 kN = 0.000 kN
= 0.002 kN = 0.000 kN
= 0.000 kN =0.000 kN
X = FREE X = FREE
Y = FREE Y = FREE
Z = FREE Z = FREE

Crane-Operating Load Max reaction on Grid C column support

Maximum wheel load = 4.772 kN (applied in staad for all gantry support columns)
Moment due to gantry supporting beam = 1m; 4.772 x 1m =4.772 kNm
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Structural Crane Operating Load (CO)
15. CRANE TRANSVERSE (CT)

As per ASCE 7-10, refer 4.9

side thrust (transversal Impact load)
20% of the rated load capacity of the crane and the weight of the hoist and trolley
(as per cl 4.9.4 of ASCE 7-10)

Transverse (CT)

Crane-Side Thrust Load Max reaction on Grid A column support

. Crane Transverse (CT) =
Crane Operatin
Wheel Load Trolley Load P & 0.20*(trolley load+CO)
(Co) KN
Wheel load along grid A 3.73 37.33 8.21
Wheel load along grid C 0.27 2.67 0.59
18.210 kN |8.210 kN

oyt ZtaeTan ~oamoin =S
ﬁn; ilI}:l:;}IE'I‘EN = t-}.t.}t}t} kN = D:DOO kN
MY = FREE xiFREE 515&
MZ = FREE ;;EEEE Z = FREE
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Maximum wheel load = 14.674 kN (applied in staad laterally for all gantry support columns)

10.590 kN 10.590 kN

&
K = 0.000 kN = 0.000 kN
[ = -0.000 kN =0.000 kN
£ = 0.000 kN = 0.000 kN
MX = FREE X =FREE
MY = FREE Y = FREE
MZ = FREE Z = FREE

Crane-Side Thrust Load Max reaction on Grid C column support

Maximum wheel load = 1.055 kN (applied in staad laterally for all gantry support columns)

==
BN

-1.055 kN

><é/ “44.674 kN
o —1

-14.674 kN

N H/
/ ved

-14.674

é/

-14.674

14474

AVA

-14.674 kN
] i
/ ﬁ'
=3
=
ot
Figure 5-10 Structural Crane Side Thrust Load (CT)
16. CRANE LONGITUDINAL (CL)
As per ASCE 7-10, refer 4.9
Longitudinal (CL) = longitudinal traction (longitudinal Impact load)

10% of the maximum wheel load (= 0.1*(CD+COQ)) (as per cl 4.9.5 of ASCE 7-10)
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Crane Operating

Crane Longitudinal (CL) =

Wheel Load Crane Dead (CD) (CO) 0.10*(CD+CO) *No. of wheels on
each side

\Wheel load along grid A 13.73 37.33 5.1

Wheel load along grid C 10.27 2.67 1.29

Maximum reaction on Grid A = 10.21 kN (applied in staad longitudinally for critical support columns)
Maximum reaction on Grid C = 2.59 kN (applied in staad longitudinally for critical support columns)
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Figure 5-11 Structural Crane Longitudinal Load (CL)

17. CRANE IMPACT (ClI)

As per ASCE 7-10, refer 4.9

Impact (CI) vertical impact
25% of the maximum vertical wheel load (= 0.25*(CD+CO))

(as per cl 4.9.3 of ASCE 7-10)

Crane Dead (CD)  |Crane Operating |Crane Longitudinal (CL) =
Wheel Load (CO) 0.20%(CD+CO)
Wheel load along grid-A 13.73 37.33 12.77
Wheel load along grid-C 10.26 2.67 3.23

H2770 kN~ H2.770 kN

=0.000 kN
=22.824 kN

=0.000 kN
= -0.009 kN
=0.000 kN
X = FREE
'Y = FREE
Z = FREE

= 0.000 kN
=0.001 kN
=0.000 kN
X = FREE
Y = FREE
Z = FREE
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Crane-Impact Load Max reaction on Grid 1 column support

e Maximum wheel load = 5.773 kN (applied in staad for all gantry support columns)
e Moment due to gantry supporting beam = 1m; 5.773 x 1m =5.773 kNm
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Figure 5-14 Structural Crane Impact Load (Cl)

18. ROOF LIVE LOAD (LR)

Live load on Roof is considered as 0.96 kN/m2 (Refer Table 4.1, ASCE 7-10). Load is applied as UDL
on the supporting main beams. The roof live load is reduced as per Section 4.8.2 of ASCE 7-10.

L, =L,RR, where 0.58<L,<0.96

At — Tributary area =6*15 =90 m?

F—0.12 * slope (in %) =0.12*10=1.2
R1=0.6 (Ar>55.74 m")
R2=1 (F<4)

Lr = 0.96*0.6 = 0.58 kN/m?

Contributing span (m)  [Unit Load (kN/m?) [Live Load on Roof (kN/m)

3 0.58 1.74

6 0.58 3.48
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19. WIND LOAD (WLX & WLZ)

Wind Parameters:

Structure Risk Category = 0l

(3sec-gust) = 85.70 mi/s

(Return Period - 1700 years is considered for risk category Il structures)

F, applied wind force = gz G Cr At (Eq. 29.5-1), ASCE 7-10 g: - Velocity Pressure at

height z above Ground.

G - Gust effect factor

Ct - Net force coefficient

At - Projected area normal to wind

Velocity Pressure gz

gz, (N/m2) = 0.613 Kz Kzt Kd V* (Eq. 27.3-1), ASCE 7 -10

Kz, Velocity pressure exposure coefficient Kz, Topographic factor

Kq, Wind directionality factor

V, Basic wind speed (3 sec - Gust) m/s Kz, Velocity pressure exposure coefficient
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Height Exposure
D
normalized
m ft ¢ b to 1.0 at

33 ft
4.57 15 0.85 | 1.03 0.87
6.10 20 0.9 1.08 0.92
7.62 25 094 | 1.12 0.95
9.14 30 0.98 | 1.16 0.98
12.19 40 1.04 | 1.22 1.03
15.24 50 1.09 | 1.27 1.08
18.29 60 113 | 131 1.11
21.34 70 1.17 | 1.34 1.14
24.38 80 1.21 | 1.38 1.17

Exposure Factor= D

Provided wind speed is representative of the Exposure Category-D, then there is no
additional adjustment of pressure for Exposure Category

Kzt, Topographic factor

H, Height of hill or escarpment
Lh, Distance upwind of crest at H/2

100m)

X, Distance from crest to building site

100m)

Z, Ht above ground surface at bldg site

Considering 2-D escarpments
M, Horizontal attenuation factor

down wind

y, Height attenuation factor
ki, (k1/(H/Lh) = 0.95
k2,

k3,
Kzt,

Kd, Wind directionality factor

27
50

100

42.75

4

2.5

0.513
0.5

0.118
1.06

0.85

m (Grading level)
m (shore to escarpment =
m (escarpment to bldg =

m 27+ ht of shelter
Figure 26.8-1 (ASCE 7-10) -

Figure 26.8-1 (ASCE 7-10)

Table 26.6-1, ASCE 7-10
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G - Gust effect factor = 0.85 26.9.1, ASCE 7-10

Height above ground an(2) G *gp(2)
Level "'m" 2 Ka Kd (kN/m2)  (kN/m?)
Level-1 0.00 - 5.00 0.884 1.060 0.850 3.587 3.05
Level-2 5.00 - 10.00 0.994 1.060 0.850 4.033 3.43
Level-3 10.00 - [15.00 1.076 1.060 0.850 4.366 3.71
Level-4 15.00 - |20.00 1.127 1.060 0.850 4.572 3.89
Level-5 20.00 - [25.00 1.174 1.060 0.850 4.763 4.05
Level-6 25.00 - {30.00 1.207 1.060 0.850 4.896 4.16
Level-7 30.00 - 140.00 1.272 1.060 0.850 5.162 4.39
Level-8 40.00 - |50.00 1.316 1.060 0.850 5.339 4.54

Table 5-3 : Wind pressure for height z
Ct - Net force coefficient

Ref: Sec. 4.1, ASCE-Report - Wind Loads and Anchor Bolt Design for Petrochemical Facilities For
Structural member = =

Force on Pipe: F =

1.8
gzXGXCixAt

Wind Force along X direction: (No sheeting up to 3m)

z, (m) Member Property Member depth/ ([Insulation wind expose [F in X Direction (KN/m)
width (m) width depth / width  |[(Per frame)

3.00 HE600B 0.600 0.05 0.700 3.84

3.00 HES50A 0.300 0.05 0.400 2.2

3.00 L120X120X12  |0.120 0.05 0.220 1.26

Wind Force along Z direction:

z, (M) Member Property [Member depth/ |Insulation wind expose |F in Z Direction (KN/m)
width (m) width Depth / width  |(Per frame)

3.00 HE600B 0.300 0.05 0.40 2.2

3.00 HES550A 0.540 0.05 0.64 3.51

3.00 L120X120X12  |0.120 0.05 0.220 1.26
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= Slopeof roof
Elevation top of sloped roof = 15750 m
Elevation bottom of sloped roof = 15.000 m
Width of roof for slope calculation = 7.50 m
Slope ofroof,B = e
Mean roof height.H = " 15750 m
Design pressure
Wind Force on Enclosedand Partially EnclosedBuildings
et Design pressure. P = qQGL.-q(GE.) Eq27.4-1 of ASCE-7-10
Calculation of gz
Wind speed = 85.70 misec
Wind directionality factor Kd = 0.85 £128.9-1 of ASCE-T-10
Topography factor Kzt = 1.06 Fig26.5-1, ASCE 7-10
Exposure cateqory = D
Velocity pressure, gz = 0613 xKax Ko xKax V? (Eq. 27.3-1), ASCE 7-10
= 4056.46 xKz N/m2
Exposure coefficient K.
Height z.m K. Qe pspin2
15.750 1.084 4.40

Welocity pressure at heightz

5m = T359 kwm?

10 m = T403 kN/m?

15 m = 43T kNm?

15.75m = 4.40 kN/m?
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Gustfactor
Gust faginLG = 0.85 CL26.9.1 of ASCE-T-10
WES-30.5-Condenzate area
OFF GAS COMPR._SHELTER

Length of Shelfter. = 36.0 m
‘Width of Shalter.B = 16.0 m
Height of ppening. Ha = 3.0 m
Height of Shelter = 15.0 m
Area of Qpening Ao = 108.0 e
Areaof Wall, Ag = 520.0 il
Total Gross Ares of Wall opening, Agi = T738.0 m
Total Gross Ares -Wall exclueds cpsnng b = 1530 il
(Anidgl = 0.48
Condition for Shelter Type [ As per Clause 26.1 of ASCE-T-10):
Ao < 0.8°Ag
An < 1.1%Ani
Ao, = min{0.37sq.m,0.01Ag)
0.20 = (AniAal
Enclosed Buikding Figure 26.11-1, ASCE 7-10

Internal Pressure Coeficient GC -

CASEA 0.18

CASEB 0.18

External Pressure Co-gfficent for Fitched Free Roofs, Cp
ReferFigure 27.4-1, ASCE 7-10 {reduction Factor=1.0)

L
X direction {0°) hiL = 0.4
Z directicn (90%) h/B = 1
Walk LB = 24
B = 5ET1°®

ROOF PRE S SURE CO-EFFICIENT

Z direction {(Normal to
Ridge)

upto h upto hi2 =hi2

0.9 -1.3 -0.70

X direction (Parallel to Ridge)

WALL PRESSURE CO-EFFICIENT
‘Windwsard 0.80
Leeward -0.20
Side Wall 0.70
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WIND LOAD +)CASE A Cpi=-0.18
DE 5IGN PRE S SURE FOR ROOF:

Load Case A

Maz, KN/
DESIGNPRESSURE FORWALL:

Case A for Gepi = -0.18
upto h (windward)

-2.57

AGCR-qilGepi)

=4.40 x [{0.85x-0 9)-0.18)]

Case Afor Gepi=-0.18

Cases &m 10m 15m e
Windward kMim? 3.08 3.47 375 | =437 x [(0.85:2x0.8)--0.18)]
Leswsnd, kMNim? £0.27 -0.30 0.33 | =437 x[(0.85:-0.3)--0.18)]
Side WallkNim? -1.49 -1.67 -1.81 | =437 x [(0.85:-0.7-(-0.18]]

WIND LOAD ACTING ON ROOF IN X DIRECTION

LiC A -2.5T7 kNim?

&

!

é_j_./

Wind (+) X direction -Load Case A

Load Case A (for Full Length paraliel toridge)

Contributing span Wind load
{m) [kn/m)
3 7.7
& -15.42
WIND LOAD ACTING IN WALLS
—_
g
Wind {+) X direction -Load Case A
[+ ¥ direction] Case A
Contributing span wind load (kN/fm)
(m) Sm 10m 15m
3.7
Wi rd 3.75 11.55 13.01 14.085
7.5 23.10 26.03 28.13
3.75 -1.01 -1.13 -1.24
7.5 -2.03 -2.25 -2.48
& -B.24 -10.02 -10.85
3 -1.47 -5.01 | -5.43
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140 kN/m
0 kN/m
90 kN/m
0 kN/m
0 kN/m
50 kN/m

Al

=
 EE A A L

oY

: Iu---.wuw. N
/%/iwy\ B o5

(=

\wv\w\\n«mw\\\ ,___s._—._—_,..,.—.:..

W

& 4=

V.Illl"\ﬂ\,

\ARRAARRRAVINANR AR

Wind Load on Structure, Roof and Side Walls along X (+) direction-
Load Case A
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WIND LOAD +] CASER
DESIGN PRESSURE FOR ROOF:

i.=0.18]

Cases

Case B for Gopi = 0.18
upte h (windward)

aGLp-gilEep)

MackNim®

18

= 4,40 x [{0.85c0.9-(0.18]

DESIGN PRESSURE FORWALL:

Case B for Gepi = 0.18

Cases 5m 10m 15m aGLp-gilGcpi)
Windward kh/m* 172 202 218 = 437 x [{D.B5x0.80.18)]
sewand kNm® -1.58 -1.75 | -1.30 = 4. 37 x [{D.B5x-0.3-{0. 18)]
Side Wallkh/m* -2.78 BN ] = 4. 37 x [{0.B5x-0.7)-D. 18)]

WIND LOAD ACTING IN X DIRECTION

LIC B -4,16 kN/mZ

d

&

/

Wind [+] X direction -L oad Case B
WIND LOAD ACTINGIN X DIRECTION

Load Case B (for Full Length pardlel roridge)

Contributing span{Om) wind load [kn/m)
3 -12.48
5 -24.55
WIND LOAD ACTING IN WALLS
ALY ILY)
[——1
L P R P P A
wind [+ X direction -Load Case B
& [+ 3 direction) Case 8
‘Contributing span Wind load {kNjm)
(m) Sm 10m | 15m
375 671 758 8.18
'Windward
75 1343 1515 | 1635
375 -5.85 656 | -7.13
Lesemwuaird
75 -11.70 -13.13 | -14.25
- & 16.68 -18.78 | -2028
- 3 834 933 | -10.14
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WIND LOAD (WX(-) CASE B Cpi = 0.18)

e BN/ m
i Hﬂﬁl’)“g}' i ' OkNlm
il 3 A5 e
Nk, -
(K ] ?"
o

&
&

&

Wind Load on Structure, Roof and Side Walls along X (-) direction-Load Case B



Analysis and Design of Steel Shelter — AISC 360

www.rcenggstudios.com

Engineering Concepts

WIND LOAD: +]CASEA = -0 18]
DESIGN PRESSURE FOR ROOF:
Casc A for Gopi = - 0L18
Cases upto h2(windward) >hi2{ Leeward)
= L A0 BSa-13)--018)] = L aof(o.Bsa-0.T)-{-0.18)]
gElpr gl Gge) Man kbinr 47 183
windweard, Lagward
-1.B3kNIm*
[— "
.
‘Wind {+]Z direction -Load Casa &
Load Case A
‘Windward nat design upto hiz):
Cormitnsing span Cm) Wiind bozd #hym)
E] 1231
5 1443
Lagward nst design h'2):
Cormitnsing span Cm) Wiind bozd #hym)
E] 543
5 058
DESKsN PRESSURE FOR WALL:
Caa A Tor Gopl=-0.18
Capas = om = 9ECp-qiGop)
Windbard kbm? 08 i 375 | = £37 x [ 0850 )
Ll EMim? a7 430 133 | = 437 = {0850
Sickes WLl kb 145 167 181 | = 437 = {08507 )|
Wind +Z diracticn
i+ Tdmeciion] Cae A
Cortiribusing span wind load Hnm]
{mj Sm 10m 15m
. 5 1242 | o= | s
E] EFN w4 | 1z
| eerard 5 162 120 [ 18m
E] 0.E] 0s0 | 099
- 173 559 536 | &7
15 112 | 1253 | 13sm
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&-e\-“_

S NGl

]
ll!l'{ B0 kN/m

1.490 kN/m

o

&

t\\\\\\\!?‘,;

bl

N

\, 1l 31' PRRAN™

N =

i :

X 'z = T
sty =

NE = 9800 kN/m 4.620 kN/m |

o [ 5 %60 kKN/m

. '\.ﬁ -800 kN/m 620 kKN/m | o

il

5200 kN/m
.620 kN/m -

5850 v

800 kN/m

ﬁo kN/m

WA

oB-RRIN™ 620 k/m

?}o kN/m

Wind Load on Structure, Roof and Side Walls along Z (+) direction-Load Case A

4
x
=
<
|

0 NEN/m

@

i
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WIND LOAD

CASEB Cpl = 0L15]
DESIGH PRESSURE FOR ROOF:
Case & for Gopl = 0.10
Cases upto hi2{windward) >h/2{Loeward)
= A4 (085 AN -{008)] | = A0 {0.85w-0.7)-{0.18)]
[TE -5 BB -3.41
windwiard Leeward
A m
‘Wilndd {+1% direction -Load Case B
Load Case B
Windward nst design upte hz):
Contribuing S| Dm) Wind laad | DRMIm)
3 1685
[ 3380
Lesward net dosign pragsus= hiz):
Coritning s m) wind kad Bficyim)
3 1023
& a5
DESIGH PRESSURE FOR WALL:
Capeg Caea B Tor Gopl = 018 QECp-qNGopl)
5m om | 1am
Wrshaard 5l 178 208 | 218 [ =437 « fOAs0a-01E)]
Legsacacd sbim 158 175 13 [=
Sicke Wall ki 278 113 iF [ =
Wiind +2 dire ction -
|+ 2 dimction) Casa &
- s fim) _ Wind load {kNjm]
T 10 15m
& 10.74 | 1212 | 1308
3 5137 6.54
& -3.36 -11.40
. ] 458 | 525 | 5.0
i 3.75 -10.43 | -11.74 | -12.68
i 75 -2085 | -23.48 | -2535
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Al gl
A? i NIk,
D= e,
e, 52 o ) e
il N

P
e ary

0.230 kN/m

\

B

Lot

7
S

#1700 kN/m
B0 kN/m

s

23

Ewmj\\\m AT

TR VE VAT VA VAL YA

N

50 kN/m
kN/m

4.680 kN/m
430 kN/m

o

<o kN

v
(=]

h

D
3

R
B8
Sl

ﬁm kN/m

3 g;m'm'u ey
T
=\ &

: %
9560 kN/m 0 kKNfm

o

oo T T T K T T 7

e

D860 kN/m

i

&
%
=
<
3

=
<
3

Wind Load on Structure, Roof and Side Walls along Z (+) direction-Load Case B
Wind load on WZ(-) calculations are same as wind load on WZ(+), only direction change has been
applied in staad.

WIND LOAD (WZ(-) CASE A Cpi = -0.18)

TR

‘
NE 2
<
z
3

-6.260 kN/m
-10.410 kN/m
5.590 kN/m

-9.240 kN/m

BF 300 LM/
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Wind Load on Structure, Roof and Side Walls along Z (-) direction-Load Case A

0.18)

WIND LOAD (WZ(-) CASE B Cpi

==

- D - m
(==
=2

> ~

No o

= -0

WS AR,

| -10.740 kN/m

M 3.080 kN/m

AN

ey U R AR A

- AVANAA AR N

Z.200 kN/m

).

-10.740 kN/m

- U1, A0

| 10740 kN/m

AN

A

Z2.200 kN/m

).

JOOkNIm

| 10740 kN/m

-10.430 kN/m |

-5.370 kN/m

Z.200 kN/m

).

2.200 kN/m

2

£
Z
&

A%.510 kN/m

Wind Load on Structure, Roof and Side Walls along Z (-) direction-Load Case B
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20. SEISMIC LOAD (EX/EZIEY)

The Site-5pecific Design Response Spectrumshall be considered from Section 6.7 of projed document
“‘Design Specification for Loads andLoad Combinations”

Risk Factor = 11 Table 1.5-1FASCE-T-10
Importance Factar, | = 1.25 Table 1.5-2ASCE-7-10
Seizmic Design Category = B Table 11.51VASCE-T-10

Response modification coefficient, Rt

Steel ordinarny concentrically braced frame X-Dir = 3.25 Table 12 2-1VASCE-F-10

Steel ordinary momentframes Z-Dir = 3.5 Table 12 2-1/ASCE-7-10

Forinttial Staad factorin X Dir /R 0.38

Forinitial Staad factorin Z Dir iR 0.39 (VR incressed to satisfy shearenhancement)

Spectral Acceleration Parameters for 5% DBE; Spectrum for Vs = 300m /s

St = [[02 Ja (Tsble 6-T=0.2s2c)

Site speciic acceleration at time perod 1 sec & 2 sec are,

o ) 0128 s ble 6-T=1sec & T=2sec)

5. - 0082 g [Ta -T=1zac =2zaC)

5o = max { Sap. 2% Se) Eq.11.4-1/ASCE-7-10

Sm = 0.126 g Eq.11.42/ASCE-T-10

T. = 0.2 % (Spy/Sps) Gl 11.4.5/ASCE 7-10
= 0.084 =

Ts = SpafSps ¢l 11.4 5/ASCE 7-10

T= = 0.42 =

TL = [[(12 = (Cl. 6.7 of project specfication)

Seizmic design forces are to be combined by orthogonal combination procedure, ie. 100%inone  CL12.5.38/ ASCE 7-
arthogonal jrection slong with 30 % in otherorthogonal direction 10

Eguivalent Lateral Force Procedure

W, Seismic Base Shear = LM
C., Seismic response coefficent = S
TR
C. Steslordinary concentrically braced frame X-[ir = 0.116
C. Steelordinary moment frames Z-[ir = 0108
Time Period calculated from STAAD:
Time Penod forBrace Frame X d Istsad = 0.38 sac mode shape 5
Time Penod forMoment Frame Z Istsad = 0.83 sac mode shape 1

For Time Pericd less than or equal to Long Pericd Transition Period Ty
T=T. C. = (Sal[[RAJT) Eq.12.8-3/A5CE-T

C., Seismic response coefficent = {5ai)
TR}

C. 5teelordinary concentricaly braced frame X-Dir = 0.1280

C. Steelordinary moment frames Z-0ir = 0.0550
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For Time Period greater than Long Period Transition Period T,
Cs =(Sp*TL)/T*(R/)

T>T,

Eq.12.8-4/ASCE-7
Cs, Seismic response coefficient

Cs along frame in X-Dir
Cs along frame in Z-Dir

Minimum Cs, Seismic response coefficient

Cs, along frame in X dir
Cs, along frame in Z dir

Hence actual value of Cs

Cs, along frame in X dir
Cs, along frame in Z dir

Operating condition
The Seismic weight, includes the weight of structure, equipment loads and operating loads.

Redundancy Factor p
Total weight (D)

Base shear along xdir
Base shear along Zdir

(2152x0.116)
(2152x0.055)

CALCULATION OF BASE SHEAR

(SDl*TL)

T>(RN)

4.0280

0.7840

0.044Sps*l >0.0  EQ.12.8-5/ASCE-
1 7

0.0165 > 0.01

0.1280 > 0.1160

0.0550 < 0.1080

0.1160

0.0550

1 12.3.4.1/ASCE-7
2152 kN (from Staad)
249.63 kN (CwW)
118.36 kN (Cw)

The Seismic weight W, includes the weight of structure,equipment loads and operating load

0.968

0.940

W, Total weight

For X

V,Base shear along frame X Dir
Enhanced Base shear including p & Q,

Comparison with STAAD
V,Base shear along frame X Dir

For Z
V,Base shear along frame Z Dir
Enhanced Base shear including p & Q,

Comparison with STAAD
V,Base shear along frame Z Dir

Next Iteration
0.85V, Base shear along Frame in X dir
<1 Shear enhancement Not required

Next Iteration
0.85V, Base shear along Frame in Z dir
=<1 Shear enhancement Not required

Vertical load effect on structure
Ev, Vertical earthquake load effect
Vertical load effect on structure

2152 kN
249.63 kN
249.63 _ |kN
219.2 kN
11836 kN
11836 |kN
o7 kN
21219 kN 12.9.4/ ASCE 7

100.61 kN 12.9.4/ ASCE 7
0.2*Sps*D Eq.12.4-4/ASCE-7
129.12 kN
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1:148 kN/m

2.280 kN/m

2.280 kN/m 'y

=

UL I el

£

Seismic load in X/Z/Y — Direction
21. THERMAL LOAD (Ts1l & Ts2)

Temperature load is considered as per Section 6.5 of “Basic Engineering Design Data (BEDD)
Onshore

The thermal load for the structure is considered for the maximum temperature variation of +42°C and
minimum temperature variation of 6°C from the ambient temperature.

Maximum Temperature : 42°C
Minimum Temperature : 6°C Mean Ambient Temperature : 26°C

TSImax=42-26=+16°CTS2min=6-26 =-20°C



Analysis and Design of Steel Shelter — AISC 360
www.rcenggstudios.com

Engineering Concepts

-
1
e
)

-

2y
-
/_..'4._
E

-

22. SERVICIABILITY LOAD COMBINATION

Buildings and Open Frame Structures
S.no Specific Load Combination Description

Dead Weight + Sustained Thermal (Sustained

1 Ds +Ts Load Case for Deflection or Settlement)
2 Ds+Ts+L Dead Weight + Sustained Thermal + Live
3 N/A
Dead Weight + Sustained Thermal + Live + Roof
4 Ds+Ts+0.75L+0.75Lr Live
Ds+Ts+0.6 W Dead Weight + Sustained Thermal + Wind
° Ds + Ts + E* Dead Weight + Sustained Thermal + Earthquake

Dead Weight + Sustained Thermal + Live + Wind
6a Ds+Ts+0.75L+0.75 (0.6 W) + 0.75 Lr + Roof Live

Dead Weight + Sustained Thermal + Live +
6b Ds+Do+Ts+0.75L+0.75 E* Earthquake
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Dead Weight + Sustained Thermal + Wind (Wind

7 0.6 (Ds) + Ts+0.6 W Uplift Case)
Dead Weight + Sustained Thermal + Earthquake
8 0.6 (Ds) + Ts + E* (Earthquake Uplift Case)

*Deflection shall be computed using the strength level seismic forces as specified in Section 12.8 of
ASCE 7-10 without reduction for allowable stress design.

Load

4

11

12

13

14

15

17

Comb

DS

L1

L2

LR

WX1
)

WX2
*)

WX1
Q)

WX2
Q)

wzl | wz2
*) *)

wz1
Q)

wz2
Q)

EX

EZ

EY

TS2)

101

102

103

104

105

106

107

0.75

0.75

0.75

108

0.75

0.75

0.75

109

0.6

110

0.6

111

0.6

112

0.6

113

0.6

114

0.6

115

0.6

116

0.6

I R

117

0.6

118

0.6

119

0.6

120

0.6

121

0.6

122

0.6

123

0.6

124

0.6

N N I

125

0.3

126

127

-0.3

128

I I I RIS N S S N T TN U N N T R TS

RPlRk|-

RPlRk|-

129

0.3

130

131

-0.3

132

A

N N

PRk~
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133 | 11/0.75 0.75| 0.45 1
134 |110.75 0.75 0.45 1
135 |110.75 0.75 0.45 1
136 | 110.75 0.75 0.45 1
137 |110.75 0.75 0.45 1
138 | 110.75 0.75 0.45 1
139 | 110.75 0.75 0.45 1
140 |110.75 0.75 0.45 1
141 |110.75 0.75[045 1
142 |110.75 0.75 0.45 1
143 | 110.75 0.75 0.45 1
144 |110.75 0.75 0.45 1
145 |110.75 0.75 0.45 1
146 | 110.75 0.75 0.45 1
147 |110.75 0.75 0.45 1
148 |110.75 0.75 0.45 1
149 |110.75 0.750.23 0.75]
150 |110.75 0.230.75 [0.75] 1
151 |110.75 - F0.23)0.75] 4
0.75
152 | 110.75 - F0.75/0.75] 4
0.23
153 | 110.75 0.750.23 0.75 1
154 |110.75 0.230.75 0.75 1
155 | 110.75 - [0.23)0.75 1
0.75
156 | 110.75 - [0.7500.75 1
0.23
157 |06 0.6 1
158 (0.6 0.6 1
159 (0.6 0.6 1
160 (0.6 0.6 1
161 (0.6 0.6 1
162 (0.6 0.6 1
163 (0.6 0.6 1
164 (0.6 0.6 1
165 (0.6 0.6 1
166 |0.6 0.6 1
167 (0.6 0.6 1
168 (0.6 0.6 1
169 (0.6 0.6 1
170 (0.6 0.6 1
171 (0.6 0.6 1
172 (0.6 0.6 1
173 (0.6 T3 L |
174 (0.6 03t [ |1
175 (0.6 1 o3 L | g
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176 (0.6 1 1

177 106 1 03 |1 1
178 |06 03 1 1
179 (0.6 -1 03 1 1
180 10.6 -0.3F1 |1 1

23. STRENGTH LOAD COMBINATION

S.no

Buildings and Open Frame Structures
Specific Load Combination

Description

1 1.4Ds+1.2Ts Dead Weight + Sustained Thermal
2 1.2Ds+1.2Ts +1.6 L+0.5Lr Dead Weight + Sustained Thermal + Live + Roof Live
1.2Ds+12Ts+1.6Lr+L Dead Weight + Sustained Thermal + Roof Live + Live
3
1.2Ds+1.2Ts+1.6Lr+05W Dead Weight + Sustained Thermal + Roof Live + Wind
Dead Weight + Sustained Thermal + Wind + Live +
4 1.2Ds+12Ts+1.0W+L+0.5Lr Roof Live
5 1.2Ds+1.2Ts+1.0E+05L Dead Weight + Sustained Thermal + Earthquake + Live
Dead Weight + Sustained Thermal + Wind (Wind Uplift
6 09Ds+1.2Ts+1.0W Case)
Dead Weight + Sustained Thermal + Earthquake
7 09Ds+1.2Ts+1.0E (Earthquake Uplift Case)
Load| 1|2 | 3| 4 5 6 7 8 9 10 11 12 |1314| 15| 16|17
WX1 WX2 | WX1 | wx2 | wzi wzz2 | wzi | wz2
Comb|DS|L1 |L2|LR A P 0 0 ) ) O O |EXEZ| EY|TS]TS2
201 |14 12
202 |14 1.2
203 |1.21.6 [1.6/0.5 12
204 |1.21.6 [1.6/0.5 1.2
205 |12/1 | 1|16 1.2
206 11211 | 1|16 1.2
207 |1.2 16 05 1.2
208 |1.2 1.6 0.5 1.2
209 |1.2 1.6 0.5 12
210 |1.2 1.6 0.5 1.2
211 |1.2 1.6 0.5 12
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212 (1.2 1.6 05 1.2
213 (1.2 1.6 0.5 1.2
214 (1.2 1.6 0.5 1.2
215 (1.2 160 05 1.2
216 (1.2 1.6 05 1.2
217 (1.2 1.6 0.5 1.2
218 (1.2 1.6 05 1.2
219 (1.2 1.6 05 1.2
220 (1.2 1.6 05 1.2
221 (1.2 1.6 0.5 1.2
222 (1.2 1.6 0.5 1.2
223 (1.2 1 05 1 1.2
224 (1.2 1 0.5 1 1.2
225 (1.2 1 0.5 1 1.2
226 1.2/ 1 0.5 1 1.2
227 (1.2 1 0.5 1 1.2
228 (1.2 1 0.5 1 1.2
229 (1.2 1 0.5 1 1.2
230 |1.2] 1 0.5 1 1.2
231 (1.2 1 05 1 1.2
232 (1.2 1 0.5 1 1.2
233 (1.2 1 0.5 1 1.2
234 (1.2 1 0.5 1 1.2
235 (1.2 1 0.5 1 1.2
236 (1.2 1 0.5 1 1.2
237 (1.2 1 0.5 1 1.2
238 |1.2] 1 0.5 1.2
239 1.2/ 1 1 [0.31 |[1.2
240 (1.2 1 031 1 12
241 (1.2 1 1 12
0.3
242 1.2/ 1 -l 2
0.3
243 (1.2 1 1 P31 1.2
244 1.2 1 0311 |1 1.2
245 (1.2) 1 G 1.2
0.3
246 1.2 1 - it 1.2
0.3
247 (0.9 1.2
248 (0.9 1.2
249 (0.9 1.2
250 (0.9 1.2
251 (0.9 1.2
252 (0.9 1.2
253 (0.9 1 1.2
254 (0.9 1.2
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255 (0.9 1 1.2
256 (0.9 1 1.2
257 (0.9 1 1.2
258 (0.9 1 1.2
259 (0.9 1 1.2
260 (0.9 1 1.2
261 (0.9 1.2
262 0.9 L 1.2
263 0.9 1 [0.31 |[1.2
264 (0.9 031 1 |12
265 (0.9 1 12
0.3
266 (0.9 -l o2
0.3
267 (0.9 1 P31 1.2
268 (0.9 0311 |1 1.2
269 (0.9 G 1.2
0.3
270 (0.9 - it 1.2
0.3

24. UNITY CHECK

Design of the structure is performed using STAAD software and ensured member design adequacy.
The unity ratios of the members are presented below.

Strength Case:

Member Description Beam Member Property Load UC Ratio  [Allowable
NoO. Combination Ratio

Column 7 HE600B* 261 0.65 0.9

Cable End Column 200 HES00A* 233 0.68 0.9

Rafter Beam 43 HE450A* 262 0.65 0.9
Longitudinal Tie Beam (31 HE160A 231 0.59 0.9
Vertical Bracing 65 L120X120X12 SD 225 0.81 0.81
Horizontal Bracing 93 L90X90X10 SD 223 0.39 0.80

*Member Size are governed by Deflection criteria refer. Section 6.2.1




Analysis and Design of Steel Shelter — AISC 360

www.rcenggstudios.com
Engineering Concepts

Unity Stress ratio

2 0 05
05 0.75
4 =075

S
oo
& @
oy &
O ° © oo @
& ot o
L : =
o .
=
o0
alo
e
25. BASE REACTION
Horizontal  |Vertical |Horizontal [Moment
L/c Fx Fy Fz Mx My Mz
kN kN kN kN-m kN-m kN-m
1 DEAD LOAD (DS) 2269 0 20 0 0
2 LIVE LOAD(L1) 207 0 0 0 0
3 CRANE IMPACT LOAD (L2) 13 700 110 1196 0 1
4 ROOF LIVE LOAD (LR) 0 315 0 0 0 0
5 WIND LOAD (WX(+) CASE A CPI =-0.18) [-869 -1395 0 0 0 814
6 WIND LOAD (WX(+) CASEB CPI=0.18) [-869 -2258 0 0 0 815
7 WIND LOAD (WX(-) CASE ACPI =-0.18) (869 -1395 0 0 0 -817
8 WIND LOAD (WX(-) CASEB CPI1=0.18) (869 -2258 0 0 0 -815
9 WIND LOAD (WZ(+) CASEACPI=-0.18) 0 1601 -1770 -11093 |0 1
10 WIND LOAD (WZ(+) CASE B CPI=0.18) [0 2458 -1770 -11034 |0 2
11 WIND LOAD (WZ(-) CASE ACPI=-0.18) |0 1601 1770 11093 0 1
12 WIND LOAD (WZ(-) CASEB CPI=0.18) |0 2458 1770 11034 (0] 2
13 SEISMIC LOAD (EX) 224 913 7 33 0 40
14 SEISMIC LOAD (EZ) 5 67 113 948 0
15 SEISMIC LOAD (EY) 0 124 0
16 SUSTAINED THERMAL LOAD (TS MAX) |0 0 (0]
17 SUSTAINED THERMAL LOAD (TS MIN) |0 0 0 -3

: Base Reaction
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