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1.0 INTRODUCTION

2.0

3.0

Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km
northwest of Genaveh city.

With the aim of increasing production of oil from Binak oilfield, an EPC/EPD Project
has been defined by NIOC/NISOC and awarded to Petro Iran Development
Company (PEDCO). Also PEDCO (as General Contractor) has assigned the EPC-
packages of the Project to "Hirgan Energy - Design and Inspection” JV.

SCOPE

This report covers the structure & foundation calculation report of the “Fire Water Pump
Shelter ”. The structure& foundation modelled by “SAP” software.

NORMATIVE REFERENCE

3.1 Local Codes and Standards

e [INBC Part 6 “Iranian National Building Code

e INBC Part 7 “Iranian National Building Code

e INBC Part 9 “Iranian National Building Code

e [INBC Part 10 “Iranian National Building Code

e Iranian Seismic Design Code for Petroleum Facilities(3™ edition)

¢ [ranian Code Of Practice For Seismic Resistant Design Of Building (Standard
No.2800 4t edition)

3.2 International Codes and Standards

e ASCE 7-10 “Minimum Design Loads and Associated Criteria for Buildings and Other
Structures-American Society of Civil Engineers”.

e ACI 318. “Building Code Requirements for Reinforced Concrete”, American
Concrete Institute.

e AISC 358 “Prequalified Connections for Special and Intermediate Steel Moment
Frames for Seismic Applications.” American Institute of Steel Construction, Inc.

e AISC 360 - “Specification for Structural Steel Buildings”. American Institute of Steel
Construction, Inc.




b

KU

NISOC

S (B Ofdre g8l Bl 9 uliligSS
P e al § o VI mlaw

S (69T o ol 53 3 @571 5 Lindy Slus!

1Oy osled
053-073-9184 038n | o i

Calculation Note For Fire Water Pump Shelter

oS yole g &y &y £ Jbw P}

BK GCS

PEDCO 120 ST CN 0009 D00

60 3 6: axic ok

3.3 The Project Documents

¢ BK-GNRAL-PEDCO-000-ST-SP-0001 SPECIFICATION FOR CONCRETE WORK

* BK-GCS-PEDCO-120-ST-DW-0066 STRUCTURAL DRAWING FOR FIRE WATER PUMP SHELTER

¢ BK-GCS-PEDCO-120-ST-DW-0065 FOUNDATION DRAWING FOR FIRE WATER PUMP SHELTER

¢ BK-GNRAL-PEDCO-000-ST-DC-0001 STRUCTURAL DESIGN CRITERIA

¢ BK-GNRAL-PEDCO-000-ST-SP-0005 SPECIFICATION FOR ERECTION OF STEEL STRUCTURES

e BK-GNRAL-PEDCO-000-ST-SP-0003 SPECIFICATION FOR FABRICATION OF STEEL STRUCTURES

4.0 MATERIAL PROPERTIES

Material properties are delivered in the following table.

TABLE 1 -MATERIAL PROPERTIES

Foundation Concrete

F'c = 30 Mpa(28- day cylindrical sample)

Long. reinforcement bar

Fy = 400 Mpa(ATIl)

Trans. reinforcement bar

Fy = 400 Mpa(ATIl)

Bolt Type

HV 8.8

Electrode Type

E 70

5.0 STRUCTURE ‘S SYSTEMS

The Structure’s System is OMF in X direction and OCBF system in Y direction .Seismic Parameters
according to Iranian Seismic Design code(Code No.038) listed at below table.

TABLE 2 -STRUCTURAL SYSTEM

SYSTEM R OMEGA CD
Y DIR OMF 3.5 3 3
X DIR OCBF 3.25 2 3.25
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6.0 DESIGN LOAD
6.1 Dead load

Dead loads include the self-weight of the structure and all the permanent equipment which are
supported by the structures

Corogated sheet : 8 kg/m?
ZPurlin : 8 kg/m?
Insulation : 10 kg/m? Roof weight is assigned in software approximately 50 kg/m2.

e Atframe 1&5:50 x 2 =100 kg/m
e Atframe 284 :50 x5 = 250 kg/m
e Atframe 3:50x6 =300 kg/m

Analysis Model - Frame Span Loads (DEAD) (GLOBAL CSys) Anshysis Model - Frame Span Loads [DEAD) {GLOBAL Cial I -

= ik
|
X <

Figure 1-applied Dead load on frame(1&S5) ( 100kg/m) Figure 2-applied Dead load on frame 2&4(250 kg/m)

rishpuin Wil - Framve Span Losds (DEAD) (GAOBAL Cap |

Figure 3-applied Dead load on frame 3(300 kg/m)
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The design live load on an area shall be defined as the weight of all movable loads, including

6.2 Live Loads
personnel, tools, and parts of dismantled equipment, cranes, hoist, and temporarily stored materials.

According to Civil Design Live load in slop roof is 100kg/m2 .

At frame 1&5: 100 x 2 = 200 kg/m

At frame 2&4 : 100 X 5 =500 kg/m

[ ]
:100 X 6 = 600 kg/m
Analyi Mo - Frame Span Loads (Lnal (GLORALCSA) |

[ )
At frame 3

[ ]
" diabysis Model - Frame 5pan Loads (Live] (GLOBAL Clysl |

- __-»—\;[;‘F‘Lﬁﬁgl;w 2.5;__ = = ) ',. o
.n';;ﬁﬁfml = By, ﬁ;.l.u'fim'r.x “E b

Figure 5-Applied live Load on frame 2&4 (500kg/m)

1

Figure 4-Applied live Load on frame 1&5 (200kg/m)

Analysis Model - Frame Span Loads (Live) (GLOBAL CSys)

Figure6-Applied live Load on frame 3 (600kg/m)
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6.3 SNOW LOADS

Snow load of this structure is calculated in accordance with Iranian National Building Code No.6
Latest edition.. Parameters which are used in calculation of snow force is presented in below:

B = B G, CrlsCy

Ps=25 kg/m2 , Is=1
_ on_1 Qo __ _ 11-5
Cs=0.91 (slope 11.319)=1—% = 1 — ——— = 0.902

0

Ch=1

Cn=0.8

P. = P.C,Cyi1sC —1806kg
r — fsbtnbhists — . m2

o At frame 1&5: 18.06 X 2 = 36.12 kg/m
o At frame2&4:18.06 x5 =903 kg/m
e At frame 3:18.06 x 6 =108.36 kg/m

Ansbna Madsl - Frame Spo Lands (5} 3R IBAL Chal

Ayt Mosded - Frvsme Seen Losdh R (BLDRAL Cosl

—=TTH
(TRNIE L+

l""i"h|

Figure 7-applied Snow load on ended axe(1&5) (36.12 kg/m) Figure 8-applied Snow load on middle axe 2,4(90.3 kg/m)

Aenabyen Mot - Frame Sgpen b oady 0L GG Ch

Figure9-applied Snow load on middle axe 3 (108.36 kg/m)
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6.4 -UNBALANCED SNOW LOADS

According to Iranian National Building Code No.6 (latest edition)) Unbalanced snow load have
been considered for roof slope between 4%~60%..in this structure Calculation of this load

represents as below:
1 W 4
sl u;i!-i:-'. Tm

kg
forlu<é6m Pr=Ing=25E

o At frame 185 : 25x2=50 kg/m

o At frame 284 : 25x5=125 kg/m
e At frame 3 : 25x6=150 kg/m

Annalysis Model - Frame Span Loasls [5M] (GLOBAL Tl
Anabyvn Model - Frame Span Loads (51 (GLOEAL Coi)

R
ETEz

st

Figure 10- Unbalanced Snow Load f 1&3(SN : 50 kg/m ) Figure 11- Unbalanced Snow Load f 1&3(SN : 125 kg/m )

Biabyia Miste - Fraees Sgant Lisach (SH (LOBAL C5al |

Figurel2- Unbalanced Snow Load f 1&3(SN : 150kg/m )
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Analysis Model - Frame Span Loads (SP) (GLOBAL CSys) ] Analysis Model - Frame Span Loads (S} (GLOBAL CSys) l

]

Figure 13- Unbalanced Snow Load f 1&3(SP : 50 kg/m ) Figure 14- Unbalanced Snow Load f 1&3(SN : 125 kg/m )

Anhyss Wadel - Frame Span Loads [5P) (GLOBAL Coym

AT T

Yy

Figure 15- Unbalanced Snow Load f 1&3(SP : 150kg/m )
6.5 SEISMIC LOADS

All structures are in area with high risk zone of seismic and until finalizing of “Geotechnical Final
Report” soil type consider is type Il. Equivalent static method is used for calculation of seismic
loads. Parameters which are used in calculation of earthquake force and seismic coefficient is
presented in below.

V=CW
Where:
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C,s = the seismic response coefficient from Equation below:

W = the effective seismic weight of the structure

Sa
C
* Ry,
Where

Sa= mapped spectral response acceleration parameter (g), determined from hazard analysis. According to
Iranian seismic design code for Petroleum facilities (3rd edition )

SDs = AB(0.2sec) = 0.75

Sp1 = AB(1sec) = 0.375

B(0.2 sec)=2.5s

B(1 sec)=1.25s

R= the response modification factor for structure

I = the importance factor for structure:1.25

Seismic loads are calculated according to Iranian seismic design code
Soil Type : Type 11

= For X direction
OCBEF system :
Ruy=3.25
Omega=2
Cd=3.25

Ty = 0.2221-0.1 S
Sp

S

Te=32L=058S

Sps

A=03
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:ﬁ: Muodal Participating Mass Ratios
File  Wiew  Edit Format-Filter-Sort Select  Options
Unitz: As Noted
Fitter:
CutputCase StepType StepNum Period ux
Text Unitless Sec Unitless
MODAL Mode 2 0. 1255859 | 0.082
MODAL Mode -] 0.213944 | 0.08
MODAL | Mode 3 0.203632 | 0.012
MODAL Mode 11 0197537 | o.0m

Figure 16- Period in x direction

Tx(Mode 5 )=0.226 s <Ts=0.5 s

S, =0.75
0.75X1.25__
Cux = 22522=0.288

According to Iranian seismic design code(code.038) section 4-6 p factor applied on Ex coefficient
as follow:

Cux =0.288x1.3=0.3744

;xj User Defined Seismic Load Pattern b4

Load Direction and Diaphragm Eccentricity Other Factors

@ Global X Direction Base Shear Coefficient, C  [0.3744
() Global ¥ Direction Building Height exp., K i |

Ecc. Ratio (All Diaph.} 0.05
Override Diaph. Eccen. Override. .

Lateral Load Elevation Range

O Program Calculated

@ User Specified Reset Defaults
M Y Cancel
Min Z 0. i

Figure 17- Period in x direction

= For Y direction:

OMF system :

Rux=3.5
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Omega=3
Cd=3
OutputCase StepType StepMum Period ux uy
Text Unitless Sec Unitless Unitless
4 MODAL Mode 1 1.005129 0 0.904
MODAL Mode 24 0.106218 7.454E-14 0.002051
MODAL Mode 9 0.201126 8621E-18 0.001262
MODAL Mode 26 0.102848 2. F25E-14 0.000219
MODAL Mode 10 0.19386 1.138E-14 0.0001697

Figure 18- Period in y direction

Ty(Mode 1)=0.95 s >Ts

SDl
S, =—=0.39%
a T
Cuy — 0.39:21.25 :0.141

X direction : T<0.5 then k=1
Y direction : 0.5<T<2.5 K=0.5x1.005+0.75=1.2525

:X: User Defined Seismic Load Pattern x
Load Direction and Diaphragm Eccentricity Other Factors
O Global X Direction Base Shear Coefficient, ¢ [0.141
@ Global ¥ Direction Building Height exp., K
Ecc. Ratio (Al Diaph.)
Override Diaph. Eccen Override.

Lateral Load Elevation Range

O Program Calculated

0K
(® User Specified Reset Defaults. [ ok ]
T
e Cancel
Win Z 0.

Figure 19- Period in y direction
= Vertical seismic component:

The vertical seismic load effect, Ev, shall be determined in accordance with the following Equation 6):
Ev=0.2SpsD

Sps = Design, 5% damped, spectral response acceleration parameter (g) at short periods (0.2 sec).

D = effect of dead load

Loads case name: EQZ=0.2x0.75xW=0.15xW
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-Ev : Vertical seismic load applied at model:

3 Load Case Data - Linear Static
Load Case Name Hotes
Ev Set Ded Hame MoatpiShow
Siiftass 10 Usa
& Zaro miiel Condhions - issressed St
_) Stittness at End of Nonisesr Case
Loada Agshit
Load Type Load tame St Facter
Load Fatem peaD v
Load Putien

oty

Deiele

[os
‘ﬂ_ a8

Figure 20-applied Ev load

Ev applied at model as a portion of dead load as above.

This Earthquake coefficient will apply in SAP2000 model to be multiplied in W (seismic weight of
structure) that will compute automatically by SAP2000 software by "mass source multiplier" definition
as below:

1Dead+Crv and+0.2 Live Load

6.6 CRANE LOAD

Distribution of crane load is as below :

Capacity : 5000 kg

At critical condition maximum force is 3300 and 750kg on each wheel of crane.

Kvs =1.25 (according to INBC no.6)

casel : Fp =0.2x3300x 1.25=825kg F, =0.1x3300x 1.25=4125 kg
case2: Fr =0.2%750%1.25=1875kg F; =0.1x750 % 1.25 =93.75kg

Mentioned load applied in two case (assumed critical condition on left & right side)
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Analysis Model - Joint Loads (CRY) (GLOBALCSys) | _ _
Anlysis Model - Joint Loadls (CRvT) (GLOBAL CSys) |
X :
5
! |
f ;

Figure21-applied CRv & CRvl load
6.7 WIND LOADS
Wind loads are calculated according to Code No.6 and applied at model as below:
V=120 km/h(According to Iranian National Building Code No.6 last edition)
q = 0.0000613V2 x 0.772 = 0.681
=1
width = 10m
Mean height = 6.3 m
C,=0.917
Cgi=2

Roof slope=11.3 degree
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AR
(Km/h) sl o 120 Km/h P
2b Sl JLaS 0.681 kPa
CuadlCupi 1 2-1-6 Jad=
Bo{odh o (81 dns (i) alpiw s 10 m
(M) o ke 3l ple Bl L 58 m
(m) ol b 5l plo AL £ LT 6.8 m
(88 lrga. 208,05 1) plocead b 2
Pl 11* Degree
H=pl brwszo £La51 (6 3} A m Lils) 6.5 m
P A el o m
[m) La M8 alsld 5 m
o Pyl b 1-6-10-6 Ja
Ce 0917
Cgi 2 4-6-10-6 s
(3 b2 «12g,%) Cpi 3 6-10-9-6
Cpi (for Positive Internal Pressure) 0.7
Cpi (for Megative Internal Pressure) 07
B/H= 1.538
z 1 (M) i <Eamsn BT Ao e /’1__:\
¥ 6 (M) pdids Gemmio BY dmiim
1 TiE B 2E 3 3E 4 4E 5 5E 6 6E
CeCp-2ll Bl 0.85 1.29 13 -2 -0.78 112 -0.65 -0.96
P=1*q*Ce*CaCp (kPa)Cd 0.45 0.69 -0.69 -1.06 041 -0.53 -0.35 051
P., - (Posetive) (kPa) 074 074 074 074 074 074 074 074
P., - (Negative) (kPa) 074 074 074 074 074 074 074 074
PP, (kPa) 119 1.43 0.05 -0.32 0.33 0.15 0.40 0.23
P+P.,(Kpa) -0.29 -0.06 -1.43 181 116 134 -1.09 125
kg/m2 119.49 142 86 531 -31.86 | 32.93 14.87 39.83 23.37
1 1E 2 2E 3 3E 4 4E 5 5E 6 6E
Cglp-o Bl -0.85 03 13 -2 07 -1 -0.85 03 075 115 -0.55 08
P=l*g*Ce*Celp (kPa) -0.45 -0.48 -0.69 -1.06 -037 -053 -0.45 -0.48 0.40 061 -0.29 -0.42
P., - (Posetive) (kPa) 074 074 074 074 074 074 074 074 074 074 074 074
P., - (Negative) (kPa) -0.74 -0.74 -0.74 -0.74 074 074 -0.74 -0.74 074 074 074 -0.74
p+P., (kPa) 029 0.27 0.05 -0.32 0.37 021 0.29 0.27 114 135 0.45 0.32
P+P;,(Kpa) -1.19 -1.22 -1.43 -1.81 112 -1.27 -1.19 -1.22 -0.35 -0.13 -1.04 -1.17

Figure 22-Wind Load calculation (INBC No.6)

e For columns wind load applied as below (according to INBC no.6)
FnzK.Cnm.q-CS-CQ.A. ]w
F[.—_K.C‘m. q -Cg. Ce.A. lw
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a =90

Croo = 1.6

Croo = 1.9

F, =F, = K.Cpo.q.Cq.Ce. A. Iw

F,=F, =K.Cye.q.Cq.Ce. A. Iw

Figure 23-Wind Load Direction

FE,=F =075%x16x0.681x2x0917x0.3x58x1=26078KN =260.78 kg

100
Wx, = F, = 260.78

58
Wyn = F, = 0.75 X 1.9 X 0.681 X 2 X 0.917 X 0.3 X 5.8 X =5

4496 kg/m

1 053KN

= 53.39%kg/m
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For beams wind load applied as below (according to INBC no.6)

B1.B5 (2E zone) :
1: Wxn=-31.86x2=—63.72 %"

2: Wxp = —180.56 x 2 = —361.12 "2

kg
3: Wyn=-3186x2=—6372—

k
4: Wyp = —180.56 x 2 = —361.12 Wg

B2.B4 (2 zone) :

1: Waxn =-531x5 = —26.55 ’;n—g

2: Wxp = —143.39 x5 = =716.95 -2

kg
3: Wyn=-531x5= —26.55H

k
4: Wyp = —143.39 x 5 = —716.95 Wg

B3(2 zone) :

1: Wxn=-531x6=—31.86 ’fn—g

2: Wxp = —143.39 X 6 = —860.34 %g

kg
3: Wyn=-531%x6= —31.867

k
4: Wyp = —143.39 x 6 = —860.34 7.9
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Analysis Model - Frame Span Loads (WXn) (GLOBAL CSys) | Analysis Model - Frame Span Loads (WXp) (GLOBAL CSys) |

166

62
62

354|11

5

62

354
2

‘249

Ed [
) i
" L [ =1

2

B2y

Figure 24-aplied Wind Load Applied frame A(Wxn:kg/m) Figure 25-aplied Wind Load Appliedframe A(Wxp:kg/m)

sl e e DU H LB ] Analysis Model - Frame Span Loads (WYp) (GLOBAL C5ys) |

2w

262

2
saald)  © 533

5339 533 533 53 39
53.39)

53 .39 53.39)

Figure 26-aplied Wind Load Applied frame A(Wyn :kg/m) Figure27-aplied Wind Load Applied frame A(Wyp :kg/m)
In_mirror side

B1-1 (3E zone) : B5-1 (3E zone) :
1. Wxn =2124x2 = 42.48 %"

2: Wxp = —127.46 X 2 = —254.922 %g

kg
3: Wyn=1487x2=29.74—>

k
4: Wyp = —-133.83 X2 = —267.66 Wg
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B2-1.B4-1 (3 zone) :
1: Wxn=37.17 x5 = 185.85 %"

2: Wxp =—111.52 X 5 = —557.6 -

kg
3: Wyn=-3293x5=—-16465—

k
4: Wyp = —115.77 x 5 = —578.85 79

B3-1 (2 zone) :
1: Wxn=3717%x6= 223.02%"

2: Wxp = -111.52 X 6 = —669.12 -2

kg
3: Wyn =-32.93 x6 =-197.58 E

k
4: Wyp = —115.77 X 6 = —694.62 7‘9

6.8 THERMAL LOAD OF STRUCTURE (TLST)

According to “Specification for Civil and Structural Design Criteria”. Maximum temperature of 28

°C shall be considered for computing the thermal load in all components of shelter.
7.0 SAP loading table

» Load pattern:

LoadPat DesignType | SelfWtMult AutolLoad

DEAD Dead 1

Liver Roof Live 0

EQx Quake 0 | USER COEFF
EQy Quake 0 | USER COEFF
WXp Wind 0 | None

WYp Wind 0 | None

SL Snow 0

Live Live 0

TL Temperature 0

WXn Wind 0 | None
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WYn Wind 0 | None
SP Snow 0
SN Snow 0
WXp1l Wind 0 | None
WYp1l Wind 0 | None
Wyn1l Wind 0 | None
WXn1 Wind 0 | None
CRv Live 0
FT Live 0
FL Live 0
CRv1 Live 0
FT1 Live 0
FL1 Live 0
Ev Dead 0
TLst Temperature 0
DL empty Dead 0
LLop Live 0
FRx Other 0
FRy Other 0
ML Other 0
Test Dead 0
ER Other 0
Soil Dead 0
Notionalx(DL) Notional 0
Notionaly(DL) Notional 0
Notionalx(LL) Notional 0
Notionaly(LL) Notional 0
Notionalx(Lr) Notional 0
Notionaly(Lr) Notional 0
Notionalx(Lop) Notional 0
Notionaly(Lop) Notional 0
Notionalx(Test) Notional 0
Notionaly(Test) Notional 0
Notionalx(DLempty) Notional 0
Notionaly(DLempty) Notional 0
Notionalx(CR) Notional 0
Notionaly(CR) Notional 0
Notionalx(CR1) Notional 0
Notionaly(CR1) Notional 0
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8.0

Load combinations
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3 Define Load Patterns X
Load Patterns Click To:
Self Weight Auto Lateral
Load Pattern Name: Type Multiplier Load Pattern s Heni cad Salien

|DEAD | Dead w1 Adﬁ Copy of Load Pattern
E - T ~ || - _

Live r Roof Live 0 Modify Load Pattern

Elx Quake i User Coefficient +

EQy Quake o User Coefficient

WXp Wind i} None

Wp Wind 0 None ¥ Delete Load Pattern

sL Snow 0

SUPERDEAD Dead o

Live { va B Show Load Pattern Notes..
TL Temperature 0

Wxn M || Wind V0 ¥ || None

Cancel

According to code INBC No.6 structures, components, and foundations shall be designed,
so that their design strength equals or exceeds that effect of factored loads in the
following combination:

1.4(D)

(1.2D) +1.6(L)+0.5(Lt/S/R)
1.2D+1.6(Lt/S/R) + (L/0.5W)
1.2D+1.0(W) + L+.5(Lt/S)
1.2D+1.0E+L+0.2S
0.9D+1.0W
0.9D+1.0E

Load listed herein shall be considered to act in the following combinations; whichever
produces the most unfavorable effect considering soil reactions.

=D
= D+L

» D+(Lr/S/R)
= D+0.75(L)+0.75(Lr/R/S)
= D+(0.6W or 0.7E)

D+0.75L+0.75(0.6W)+0.75(Lr/S/R)

» D+0.75L+0.75(0.7E)+0.75S
= 0.6D+0.6W
= 0.6D+0.7E
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9.0 STRUCTURE ANALYSIS AND DESIGN

9.1 ANALYSIS

Structural analysis is done by SAP2000 software. In model loads are applied, some
graphical outputs from model are shown as follows.

[ Moment3-3 Diagram (EQy) |

Figure 28-3D VIEW OF SAP MODEL

Figure 29: MOMENT 3-3 UNDER EY LOAD

e -

Case |EQy

egme e e e e

tems  |Major (V2 and M3) | Single valued ~

End Length Offset Display Options
Location)
d !t 4o ) Scrofl for Valuss
e o ® Show Max
0. m}
= e gy
JEnd: | o.m
(5.09902 m)

Equivalent Loads - Free Body Diagram (Concentrated Forces in Kgf, Concentrated Moments in Kgf-m)

553.23

815.33

RESUIEIL Ssa

9.5
!
>

26.64

!

Dist Load (2-dir)

10.44 363062

0. Kgfim
l D at5.09902 m

822.03 Posttive in -2 direction

Resultant Moment

Shear V2

83247 Kaf
at407922 m

Deflections

Moment M3

3632.04 Kgf-m

‘** e

Deflection (2-dir)

0.00436 m




b

KU

NISOC

S (B Ofdre g8l Bl 9 uliligSS
PVl oo al g o Y mlaw

S (5397 o ol 33 J o515 iy Slas

-

iy a2
-y

HIRGAN ———
“It‘\l-.]{(-\ /7[’—1
C/ LIS

TObow o)l Calculation Note For Fire Water Pump Shelter
053-073-9184 039y | G iy | owiTidlo | Mg | 4y | oo gy | Juw | 4 60 3 25: axic ojlod
BK GCS PEDCO 120 ST CN 0009 D00
J-End: Jgk mm
) (5.08902 m)

\

Equivalent Loads - Free Body Diagram (Concentrated Forces in Kgf, Concentrated Moments in Kgf-m)

87998

( e

RESuLANL Sieal

1353

326323

4

1787 .68

Dist Load (2-dir)

~361.12 Kgfim
at 407922 m

Positive in -2 direction

Resultant Moment

Shear V2

1767 68 Kaf
41509902 m

"

Moment M3

326527 Kgi-m
at5.08902 m

Reset to Initial Units

Figure 30: MOMENT 3-3 WY LOAD

9.2 FLEXTURAL DESIGN OF CRANE BEAM

Deflections
Deflection (2-dir)
— 0.000868 m
- o I at4.07822 m
\/ Postive in -2 direction
O Absolute O Relative to Beam Minimum @ Relative to Beam Ends

Units. Kgf, m C

According to below output from sap software maximum crane beam moment under critical load
combination is 452696.49 kg.cm :

PMn =09 X Z X Fy = 0.9 X 2400 x 991.8 = 2142288 kg.cm
M, = 1277049.65.cm

~ 1277049.65
© 2142288

X Diagrams for Frame Object 88 (RUNWAY)
End Length Offest Dieplay Options
Case | Env- Strength w {Lacation) Jt: 90 () Scroll for Values
tiems | Major (V2 and M3) ~ | Max/din Env SZ ?ﬁ e ; ® Show Max
. cm
Jt 84
| J-End: 0. cm
(600. cm}
Resultant Shear
Shear V2
at 600. cm
-8373.76 Kof
at0.cm
Resultant Moment
Moment M3
1277049.65 Kgf-cm
at 300. cm
21117 .57 Kof-cm
at 300. cm
Reset to Infial Units Units | Kgf, cm,

w

Figure 31: MOMENT 3-3 CRITICALLOAD COMBINATION ON CRANE BEAM
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9.3 DEFLECTION CONTROL :
Maximum beam deflection under crane live load is :
PL3 5000%x600"3
=2 = - = 0.66 cm<0.75 OK
48EI 48x2.1X106X16142.56
. . . . o 600
allowable Drift according to civil & structural design criteria : 300 — 800 — 0.75cm
4-Crane's runway beams [ vertical due to max. wheel loads): |
Monorail /Hoist Beams | L/600
Electric crane of 60m/min. and below in travelling speed | L{'ﬁﬂﬂ
Electric crane of 90m/min. and below in travelling speed | L/800
Electric crane of above 90m;/min in travelling speed | L/1000

9.4 BEAM LATERAL RESTRAINT

Beam lateral restraint should be designed for 0.02 of compressive flange capacity.

™ |

| Va

_i_'

L
F = 0.024gf x Fy = 0.02 x 25 x 1.5 X 2400 = 1800kg >1591.97 kg OK

TABLE: Element Forces - Frames

Frame Station OutputCase CaseType StepType P
Text cm Text Text Text Kgf

80 0 | Env- Strength Combination Max 682.98
80 50 | Env- Strength Combination Max 683.02
80 0 | Env- Strength Combination Min -1591.97
80 50 | Env- Strength Combination Min -1591.92
82 0 | Env- Strength Combination Max 1959.33
82 50 | Env- Strength Combination Max 1959.38
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82 0 | Env- Strength Combination Min -688.78
82 50 | Env- Strength Combination Min -688.74
P= -1591.97

9.5 DRIFT CONTROL :

FIGURE 32: Deformed shape
Maximum displacement according to above output from sap model under critical service load

combination is about 1.89 cm which is less than allowable drift.

580 -0
200

According to “Civil & Structural Design Criteria”, horizontal displacements shall not exceed H/200.

2.9

allowable drift is

The maximum displacement is less than H/200, so the displacement values are acceptable.

Joint OutputCase CaseType u2 Allowable

Text Text Text cm H/200(cm) check
16 WYp LinStatic 1.214865 2.9 ok
16 WYn LinStatic 0.791405 2.9 ok
16 WYp1l LinStatic 0 2.9 ok
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16 Wwynl LinStatic 0 2.9 ok
16 Drift Y2(INBC no.6)-NL NonStatic 0.313884 2.9 ok
16 Drift Y1(INBC no.6)-NL NonStatic 0.313884 2.9 ok
16 Drift Y2(INBC no.6)-NL NonStatic -1.328419 2.9 ok
16 Drift Y2(INBC no.6)-NL NonStatic -1.328419 2.9 ok
16 Drift Y3(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y3(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y4(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y4(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y5(INBC no.6)-NL NonStatic 0.718991 2.9 ok
16 Drift Y5(INBC no.6)-NL NonStatic 0.718991 2.9 ok
16 Drift Y6(INBC no.6)-NL NonStatic -1.820287 2.9 ok
16 Drift Y6(INBC no.6)-NL NonStatic -1.820287 2.9 ok
16 Drift Y7(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y7(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y8(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y8(INBC no.6)-NL NonStatic -0.510881 2.9 ok
16 Drift Y1-1(INBC no.6)-NL NonStatic 0.575693 2.9 ok
16 Drift Y1-1(INBC no.6)-NL NonStatic 0.575693 2.9 ok
16 Drift Y2-1(INBC no.6)-NL NonStatic -1.067623 2.9 ok
16 Drift Y2-1(INBC no.6)-NL NonStatic -1.067623 2.9 ok
16 Drift Y3-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y3-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift YA-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y4-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y5-1(INBC no.6)-NL NonStatic 0.974991 2.9 ok
16 Drift Y5-1(INBC no.6)-NL NonStatic 0.974991 2.9 ok
16 Drift Y6-1(INBC no.6)-NL NonStatic -1.553349 2.9 ok
16 Drift Y6-1(INBC no.6)-NL NonStatic -1.553349 2.9 ok
16 Drift Y7-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y7-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y8-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift Y8-1(INBC no.6)-NL NonStatic -0.249588 2.9 ok
16 Drift YO(INBC no.6)-NL NonStatic 0.287026 2.9 ok
16 Drift YO(INBC no.6)-NL NonStatic 0.287026 2.9 ok
16 Drift YI0(INBC no.6)-NL NonStatic -1.360101 2.9 ok
16 Drift Y10(INBC no.6)-NL NonStatic -1.360101 2.9 ok
16 Drift Y11(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y11(INBC no.6)-NL NonStatic -0.54017 2.9 ok




b

KU

S (SR Oldwo Mgl (1381 9 CullngS
PVl oo Al g o Y daw

- - de e c ra s C 11500 S m—
NISOC ECw (5191 o oluwl 3 H @ 1§ 8y Dlus! 'y .*'J?"I_.-'I
TObow o)l Calculation Note For Fire Water Pump Shelter
053 _073_9184 039y | o My | owiTile | ODgd | &by | Wame gy | Jbe | 4k 60 31 29: amio ojleis
BK GCS PEDCO 120 ST CN 0009 | DOO

16 Drift Y12(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y12(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y13(INBC no.6)-NL NonStatic 0.692701 2.9 ok
16 Drift Y13(INBC no.6)-NL NonStatic 0.692701 2.9 ok
16 Drift Y14(INBC no.6)-NL NonStatic -1.852711 2.9 ok
16 Drift Y14(INBC no.6)-NL NonStatic -1.852711 2.9 ok
16 Drift Y15(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y15(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y16(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y16(INBC no.6)-NL NonStatic -0.54017 2.9 ok
16 Drift Y9-1(INBC no.6)-NL NonStatic 0.549186 2.9 ok
16 Drift Y9-1(INBC no.6)-NL NonStatic 0.549186 2.9 ok
16 Drift Y10-1(INBC no.6)-NL NonStatic -1.098958 2.9 ok
16 Drift Y10-1(INBC no.6)-NL NonStatic -1.098958 2.9 ok
16 Drift Y11-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y11-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y12-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y12-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y13-1(INBC no.6)-NL NonStatic 0.948988 2.9 ok
16 Drift Y13-1(INBC no.6)-NL NonStatic 0.948988 2.9 ok
16 Drift Y14-1(INBC no.6)-NL NonStatic -1.585438 2.9 ok
16 Drift Y14-1(INBC no.6)-NL NonStatic -1.585438 2.9 ok
16 Drift Y15-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y15-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y16-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y16-1(INBC no.6)-NL NonStatic -0.278529 2.9 ok
16 Drift Y17(INBC no.6)-NL NonStatic 0.34709 2.9 ok
16 Drift Y17(INBC no.6)-NL NonStatic 0.34709 2.9 ok
16 Drift Y18(INBC no.6)-NL NonStatic -1.298886 2.9 ok
16 Drift Y18(INBC no.6)-NL NonStatic -1.298886 2.9 ok
16 Drift Y19(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift YI9(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y20(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y20(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y21(INBC no.6)-NL NonStatic 0.750758 2.9 ok
16 Drift Y21(INBC no.6)-NL NonStatic 0.750758 2.9 ok
16 Drift Y22(INBC no.6)-NL NonStatic -1.789439 2.9 ok
16 Drift Y22(INBC no.6)-NL NonStatic -1.789439 2.9 ok
16 Drift Y23(INBC no.6)-NL NonStatic -0.479527 2.9 ok
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16 Drift Y23(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y24(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y24(INBC no.6)-NL NonStatic -0.479527 2.9 ok
16 Drift Y17-1(INBC no.6)-NL NonStatic 0.609149 2.9 ok
16 Drift Y17-1(INBC no.6)-NL NonStatic 0.609149 2.9 ok
16 Drift Y18-1(INBC no.6)-NL NonStatic -1.037844 2.9 ok
16 Drift Y18-1(INBC no.6)-NL NonStatic -1.037844 2.9 ok
16 Drift Y19-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y19-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y20-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y20-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y21-1(INBC no.6)-NL NonStatic 1.007091 2.9 ok
16 Drift Y21-1(INBC no.6)-NL NonStatic 1.007091 2.9 ok
16 Drift Y22-1(INBC no.6)-NL NonStatic -1.522235 2.9 ok
16 Drift Y22-1(INBC no.6)-NL NonStatic -1.522235 2.9 ok
16 Drift Y23-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y23-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y24-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y24-1(INBC no.6)-NL NonStatic -0.217986 2.9 ok
16 Drift Y25(INBC no.6)-NL NonStatic 0.243504 2.9 ok
16 Drift Y25(INBC no.6)-NL NonStatic 0.243504 2.9 ok
16 Drift Y26(INBC no.6)-NL NonStatic -1.401798 2.9 ok
16 Drift Y26(INBC no.6)-NL NonStatic -1.401798 2.9 ok
16 Drift Y27(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y27(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y28(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y28(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y29(INBC no.6)-NL NonStatic 0.650697 2.9 ok
16 Drift Y29(INBC no.6)-NL NonStatic 0.650697 2.9 ok
16 Drift Y30(INBC no.6)-NL NonStatic -1.896009 2.9 ok
16 Drift Y30(INBC no.6)-NL NonStatic -1.896009 2.9 ok
16 Drift Y31(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y31(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y32(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y32(INBC no.6)-NL NonStatic -0.582772 2.9 ok
16 Drift Y25-1(INBC no.6)-NL NonStatic 0.505548 2.9 ok
16 Drift Y25-1(INBC no.6)-NL NonStatic 0.505548 2.9 ok
16 Drift Y26-1(INBC no.6)-NL NonStatic -1.140769 2.9 ok
16 Drift Y26-1(INBC no.6)-NL NonStatic -1.140769 2.9 ok
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16 Drift Y27-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y27-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y28-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y28-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y29-1(INBC no.6)-NL NonStatic 0.90694 2.9 ok
16 Drift Y29-1(INBC no.6)-NL NonStatic 0.90694 2.9 ok
16 Drift Y30-1(INBC no.6)-NL NonStatic -1.628857 2.9 ok
16 Drift Y30-1(INBC no.6)-NL NonStatic -1.628857 2.9 ok
16 Drift Y31-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y31-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y32-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y32-1(INBC no.6)-NL NonStatic -0.321245 2.9 ok
16 Drift Y1(INBC no.6) Combination 0.313884 2.9 ok
16 Drift Y2(INBC no.6) Combination -1.328419 2.9 ok
16 Drift Y3(INBC no.6) Combination -0.510881 2.9 ok
16 Drift Y4(INBC no.6) Combination -0.510881 2.9 ok
16 Drift Y5(INBC no.6) Combination 0.718991 2.9 ok
16 Drift Y6(INBC no.6) Combination -1.820287 2.9 ok
16 Drift Y7(INBC no.6) Combination -0.510881 2.9 ok
16 Drift Y8(INBC no.6) Combination -0.510881 2.9 ok
16 Drift Y1-1(INBC no.6) Combination 0.575693 2.9 ok
16 Drift Y2-1(INBC no.6) Combination -1.067623 2.9 ok
16 Drift Y3-1(INBC no.6) Combination -0.249588 2.9 ok
16 Drift Y4-1(INBC no.6) Combination -0.249588 2.9 ok
16 Drift Y5-1(INBC no.6) Combination 0.974991 2.9 ok
16 Drift Y6-1(INBC no.6) Combination -1.553349 2.9 ok
16 Drift Y7-1(INBC no.6) Combination -0.249588 2.9 ok
16 Drift Y8-1(INBC no.6) Combination -0.249588 2.9 ok
16 Drift YO(INBC no.6) Combination 0.287026 2.9 ok
16 Drift YIO(INBC no.6) Combination -1.360101 2.9 ok
16 Drift Y11(INBC no.6) Combination -0.54017 2.9 ok
16 Drift Y12(INBC no.6) Combination -0.54017 2.9 ok
16 Drift Y13(INBC no.6) Combination 0.692701 2.9 ok
16 Drift Y14(INBC no.6) Combination -1.852711 2.9 ok
16 Drift Y15(INBC no.6) Combination -0.54017 2.9 ok
16 Drift Y16(INBC no.6) Combination -0.54017 2.9 ok
16 Drift Y9-1(INBC no.6) Combination 0.549186 2.9 ok
16 Drift Y10-1(INBC no.6) Combination -1.098958 2.9 ok
16 Drift Y11-1(INBC no.6) Combination -0.278529 2.9 ok
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16 Drift Y12-1(INBC no.6) Combination -0.278529 2.9 ok
16 Drift Y13-1(INBC no.6) Combination 0.948988 2.9 ok
16 Drift Y14-1(INBC no.6) Combination -1.585438 2.9 ok
16 Drift Y15-1(INBC no.6) Combination -0.278529 2.9 ok
16 Drift Y16-1(INBC no.6) Combination -0.278529 2.9 ok
16 Drift Y17(INBC no.6) Combination 0.34709 2.9 ok
16 Drift Y18(INBC no.6) Combination -1.298886 2.9 ok
16 Drift Y19(INBC no.6) Combination -0.479527 2.9 ok
16 Drift Y20(INBC no.6) Combination -0.479527 2.9 ok
16 Drift Y21(INBC no.6) Combination 0.750758 2.9 ok
16 Drift Y22(INBC no.6) Combination -1.789439 2.9 ok
16 Drift Y23(INBC no.6) Combination -0.479527 2.9 ok
16 Drift Y24(INBC no.6) Combination -0.479527 2.9 ok
16 Drift Y17-1(INBC no.6) Combination 0.609149 2.9 ok
16 Drift Y18-1(INBC no.6) Combination -1.037844 2.9 ok
16 Drift Y19-1(INBC no.6) Combination -0.217986 2.9 ok
16 Drift Y20-1(INBC no.6) Combination -0.217986 2.9 ok
16 Drift Y21-1(INBC no.6) Combination 1.007091 2.9 ok
16 Drift Y22-1(INBC no.6) Combination -1.522235 2.9 ok
16 Drift Y23-1(INBC no.6) Combination -0.217986 2.9 ok
16 Drift Y24-1(INBC no.6) Combination -0.217986 2.9 ok
16 Drift Y25(INBC no.6) Combination 0.243504 2.9 ok
16 Drift Y26(INBC no.6) Combination -1.401798 2.9 ok
16 Drift Y27(INBC no.6) Combination -0.582772 2.9 ok
16 Drift Y28(INBC no.6) Combination -0.582772 2.9 ok
16 Drift Y29(INBC no.6) Combination 0.650697 2.9 ok
16 Drift Y30(INBC no.6) Combination -1.896009 2.9 ok
16 Drift Y31(INBC no.6) Combination -0.582772 2.9 ok
16 Drift Y32(INBC no.6) Combination -0.582772 2.9 ok
16 Drift Y25-1(INBC no.6) Combination 0.505548 2.9 ok
16 Drift Y26-1(INBC no.6) Combination -1.140769 2.9 ok
16 Drift Y27-1(INBC no.6) Combination -0.321245 2.9 ok
16 Drift Y28-1(INBC no.6) Combination -0.321245 2.9 ok
16 Drift Y29-1(INBC no.6) Combination 0.90694 2.9 ok
16 Drift Y30-1(INBC no.6) Combination -1.628857 2.9 ok
16 Drift Y31-1(INBC no.6) Combination -0.321245 2.9 ok
16 Drift Y32-1(INBC no.6) Combination -0.321245 2.9 ok
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Drift Control According to Iranian Seismic Design Code for petroleum facilities(038)

According to “Iranian seismic design code(Code.038)” table 4-8 ,drift shall not exceed 0.02.

The maximum driftt is less than 0.02, so the displacement values are acceptable.
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The deflection at level x (84) (in. or mm) used to compute the design story drift, A, shall be
determined in accordance with the following equation:

Maximum displacement by EY load case is 4.15 cm which Reduced stiftness values used in the direct
analysis method are not intended for use in beam vertical deflection ,drift ,and period of structure.

8, =

Cqlxe _ 3X4.15%0.8

I

_7.968

=796cm, A=——=

580

0.0137 < 0.02 ok

Drift,j1owable = According to table4-8 of Iranian seismic Design code(code No.038) is 0.02hg,

hg,=is the story height below level x

Control Drift According to Iranian Seismic Design Code for Petroleum Facilities (038)-1-14-4

LoadCase

Story

Heigth

cd

Driftn-1 (cm)

Driftn cm)

5x—1

By

p A Check

drifty

580

3

1.25

0

3.32

1]

7.968

1 7.968 ok
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10.0 STRUCTURAL DESIGN RESULTS

The steel structure is checked in accordance with LRFD method. Frame analysis and Structural checks are
based on the 3D model that covers all the Load Combinations.All members designed by SAP2000, and
code requirements have been checked accordingly. The following figures show the members ratios which
are obtained from SAP2000 model analysis and design. All the acceptable ratios for beams & columns have
been considered less than 1.0.

10.1 Graphical output

Steel Design Sections (AISC 360-10)

Figure 33: Steel Design Output

09
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11.0 STRUCTURE CONNECTIONS
11.1 DESCRIPTION OF DESIGN PROCEDURE & PARAMETERS
11.1.1.Rafter to rafter connection (top of shelter):
According to Iranian National Building code section 10-3-7-2:

M, = Z.Fy = 716 x 2400 = 1718400 kg.cm = 17.18 ton.m
M, = 1.1Ry.Mp = 1.1Ry.Z.Fy = 1.1 X 1.15 x 716 X 2400 = 2173776 kg.cm = 21.737ton.m
_ 2[L1RyMp] 2x1.1x 115X 716 X 2400

= 4347.55 kg = 4.34 ton

Les 1000
According to sap model M3-3 and V2-2 under critical load combination (Envelope Strength) is as
follow:

e | Mmor (V2 and MY | MaxBinEny oo i
o m

it 16

JEng. om
209502 m)

Resutant Momen
| E———— ==

M3 _34esign (envelope combo) = 3.2 ton.m
v2—2design (envelope combo) = 1.094 ton
M3—3design (omega factor) = 6.3ton.m
v2—2design (omega factor) = 1.7 ton

moment of design should not be less than of 0.5Mp=8.592 ton-m.

F, = 8000 kg
uw cm2
fo= A:b = @F,, = 4500kg/cm2

Ab = 4.52 cm?2

Ipoie = 41b = 4 X 4.52 X (4.5% + 17.52) = 5903.12cm*
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MC
fb:—,

fb = 8.592 x —"—x 10° = 2457.127kg/cm2 <4500kg/em2 ok

1/ BPL 201 20010

2udMZA

&
4,

ﬁ HOLE @
4

o
|II
1
470
a1

B {) \:TTF‘ ]
1/ ExPL1 30w 20410

\T\_ %, PLATOn250x20

&0

451/ 2PLS0xS0xB
1/ 211205120210

1/ 3PL 3012010

Figure 34: Connecrtion Details
11.1.2 : Rafter to Colum Connection
According to Iranian National Building code No.10 section 10-3-7-2:

M, = Z.Fy = 1116 x 2400 = 2678400kg.cm = 26.784 ton.m
M, = 1.1Ry.Mp = 1.1Ry.Z.Fy = 1.1 X 1.15 x 1116 x 2400 = 3388176 kg.cm = 33.88ton.m

2[1.1Ry Mp] _2x1.1x 115 x 1116 X 2400

— 677635 kg = 6.76 t
Les 1000 9 on

According to sap model M3-3 and V2-2 under critical load combination (Envelope Strength) is as
follow:
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End Lengeh Giaat Dimplay Optons E T T
Case | Emv- Strangin (Locafieal 4 4g (8 Sera for Vakea
Pems | Major (V2 ang B3] | MuoWnEny Bt I“':‘ 1 Show Wax
& b
5 09502
’ __._——-‘
ﬁ.
Reant o miial Links

M3—3design (envelope combo) = 11.08 ton.m

V2—2design (envelope combo) = 7.24ton

M3—3design (envelope combo) = 15.1 ton.m

VZ—Zdesign (envelope combo) = 7.5ton

Moment of design should not be less than of 0.5Mp=13.392 ton-m.

E, = 8000 kg
v cm2
fo= An"b = @F,, = 4500kg/cm2
Ab = 4.52 cm?2

Ipoir = 4Ib = 4 X 4.52 x (7.52 + 22.52) = 10170 cm*

MC

fb:T

fb =13.392 x =23

10170

x 10° =

2962.83 kg/cm2 <4500kg/cm2 ok
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1/24PL100%1 0010 \ -

B 55 IWZ 35

Pyt
2 - 1/2:PL100K100x10.

) + |+
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CONTINUITY PLATE & 2 _4_ &;;L_E(:;:}
;2 —% - | i/neLiandaio
.
Figure 35: Connecrtion Details
11.2 PURLIN DESIGN

11.2.1. PROPERTY OF PURLIN(Z180X2.5)

Section Name Z18072.5
Properties

. — 7.8025 . .
Cross-zection (axial) area Section modulus about 3 axis
Moement of Inertia about 3 axis TTEnED Section modulus abeut 2 axis

g
Moment of Inertia about 2 axis oy Plastic medulus about 3 axis
Product of Inertia about 2-3 SIS Plastic modulus about 2 axis
. N 45172 . . .

Shear area in 2 direction Radius of Gyration about 3 axis
Shear area in 3 direction B Radius of Gyration about 2 axis
Torsional constant LAY Shear Center Eccentricity (x3)

FIGURE 36-Section Property Of Purlin

According to above table :
A =7.80cm2
J =0.12 cm4
Ix = 386.06 cm4
Iy = 45.304 cm4

rx = 7.033cm
ry=241cm
ho=18cm

SY = 42.305 cm3
SX =7.024 cm3

42 3052
7.024
29.4654
5.4081
7.0339
2.4087

0.
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FOR Z 180 :

D+ L = 26 + 50 = 76 kg/m?
P, = 76.cos 11 = 74.6 kg/m*
P, = 76.sin11 = 14.5 kg/m?
w.l? 76 x 1.0 x 52

middle of span : My = g - 3 = 237.5kg. m
ddle of M _w.L2_14.5><1><52_100k
middle of span : x=3c0 " 360 = 1.00kg. m
f, = l\/Iy+2M" _ BT 100+21'00 X100 _ 561.39 + 28.47 = 589.86 < 1440 ok
b, T 42305 7024 O A= os °
w.L2 76 x 1.0 x 52
moment on sagrod support : My = 5 = 9 =211.11kg.m
w.1? 145x1.0x52
moment on sagrod support : My = = = 4.02 kg. m
90 90
f, = My + zMX _ 21111 x 100 + 24'02 X100 _ 498.99 + 114.46 = 613.45 < 1440 ok
b T s 42305 7024 0 AR °

11.22.UN DEFORMED SHAPE CONTROL:
5xqxL*  5x0.76 X 1.0 x 600* — 046em < L _ %0
384 xE x1 384 x2.04x106x1350 M S 407 ~0m

dead + live loads : A=

for live loads : Ae 5xqxL*  5x0.5x10x600* — 030 - L 13
Or Ve l0a0S © A= 38 X Ex 1 384x2.04x106x 1350 -0 S 30 M
1.3 Roof bracing Design

According to INBC No.10 section 10-2-3-4 for tensile member :
Roof brace =@25
@B, = O F,A; = 0.9 X 4000 x 4.91 = 17676 kg
According to sap model maximum tensile force is 9942 kg & it's OK.

TABLE: Element Forces - Frames
Frame | Station | OutputCase CaseType P
Text cm Text Text Kef
53 0 | Env- Strength | Combination 1807.36
53 304.385 | Env- Strength | Combination 1808.89
53 608.769 | Env- Strength | Combination 1810.42
53 0 | Env- Strength | Combination -2.38
53 304.385 | Env- Strength | Combination -0.008515
53 608.769 | Env- Strength | Combination 1.28
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54 0 | Env- Strength | Combination 726.55
54 377.69 | Env- Strength | Combination 724.2
54 755.381 | Env- Strength | Combination 721.85
54 0 | Env- Strength | Combination 1.31
54 377.69 | Env- Strength | Combination -0.00127
54 755.381 | Env- Strength | Combination -2.35
55 0 | Env- Strength | Combination 1494.92
55 377.69 | Env- Strength | Combination 1497.21
55 755.381 | Env- Strength | Combination 1499.49
55 0 | Env- Strength | Combination -2.29
55 377.69 | Env- Strength | Combination -0.006682
55 755.381 | Env- Strength | Combination 1.28
56 0 | Env- Strength | Combination 1673.15
56 304.385 | Env- Strength | Combination 1671.59
56 608.769 | Env- Strength | Combination 1670.03
56 0 | Env- Strength | Combination 1.3
56 304.385 | Env- Strength | Combination -0.004084
56 608.769 | Env- Strength | Combination -2.43
61 0 | Env- Strength | Combination 3348.05
61 304.385 | Env- Strength | Combination 3346
61 608.769 | Env- Strength | Combination 3343.96
61 0 | Env- Strength | Combination 1.53
61 304.385 | Env- Strength | Combination -0.001703
61 608.769 | Env- Strength | Combination -1.53
62 0 | Env- Strength | Combination 501.32
62 377.69 | Env- Strength | Combination 502.62
62 755.381 | Env- Strength | Combination 503.93
62 0 | Env- Strength | Combination -2.44
62 377.69 | Env- Strength | Combination -0.00321
62 755.381 | Env- Strength | Combination 1.3
63 0 | Env- Strength | Combination 618.01
63 377.69 | Env- Strength | Combination 616.49
63 755.381 | Env- Strength | Combination 614.97
63 0 | Env- Strength | Combination 1.26
63 377.69 | Env- Strength | Combination -0.007251
63 755.381 | Env- Strength | Combination -2.37
64 0 | Env- Strength | Combination 4010.59
64 304.385 | Env- Strength | Combination 4012.67
64 608.769 | Env- Strength | Combination 4014.74
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64 0 | Env- Strength | Combination -1.82
64 304.385 | Env- Strength | Combination -0.001864
64 608.769 | Env- Strength | Combination 1.3
65 0 | Env- Strength | Combination 4095.18
65 304.385 | Env- Strength | Combination 4093.06
65 608.769 | Env- Strength | Combination 4090.94
65 0 | Env- Strength | Combination 1.33
65 304.385 | Env- Strength | Combination -0.002085
65 608.769 | Env- Strength | Combination -2.12
66 0 | Env- Strength | Combination 2030.72
66 304.385 | Env- Strength | Combination 2032.29
66 608.769 | Env- Strength | Combination 2033.85
66 0 | Env- Strength | Combination -2.43
66 304.385 | Env- Strength | Combination -0.004808
66 608.769 | Env- Strength | Combination 13
67 0 | Env- Strength | Combination 1003.82
67 377.69 | Env- Strength | Combination 1001.42
67 755.381 | Env- Strength | Combination 999.03
67 0 | Env- Strength | Combination 1.34
67 377.69 | Env- Strength | Combination -0.006733
67 755.381 | Env- Strength | Combination -2.4
68 0 | Env- Strength | Combination 707.97
68 377.69 | Env- Strength | Combination 709.53
68 755.381 | Env- Strength | Combination 711.09
68 0 | Env- Strength | Combination -2.42
68 377.69 | Env- Strength | Combination -0.002417
68 755.381 | Env- Strength | Combination 1.3
83 0 | Env- Strength | Combination 1782.11
83 377.69 | Env- Strength | Combination 1784.44
83 755.381 | Env- Strength | Combination 1786.78
83 0 | Env- Strength | Combination -2.33
83 377.69 | Env- Strength | Combination -0.001727
83 755.381 | Env- Strength | Combination 1.3
84 0 | Env- Strength | Combination 787.13
84 377.69 | Env- Strength | Combination 785.8
84 755.381 | Env- Strength | Combination 784.47
84 0 | Env- Strength | Combination 1.34
84 377.69 | Env- Strength | Combination -0.008554
84 755.381 | Env- Strength | Combination -2.48
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85 0 | Env- Strength | Combination 3319.42
85 304.385 | Env- Strength | Combination 3321.5
85 608.769 | Env- Strength | Combination 3323.58
85 0 | Env- Strength | Combination -2.08
85 304.385 | Env- Strength | Combination -0.002082
85 608.769 | Env- Strength | Combination 1.3
86 0 | Env- Strength | Combination 2030.41
86 304.385 | Env- Strength | Combination 2028.82
86 608.769 | Env- Strength | Combination 2027.23
86 0 | Env- Strength | Combination 1.33
86 304.385 | Env- Strength | Combination -0.008007
86 608.769 | Env- Strength | Combination -2.47
97 0 | Env- Strength | Combination 9942.5
97 40 | Env- Strength | Combination 9654.14
97 80 | Env- Strength | Combination 9365.78
97 0 | Env- Strength | Combination -7855.16
97 40 | Env- Strength | Combination -8179.56
97 80 | Env-Strength | Combination | -8503.97 |
Max(gfl= | 9942.5 |
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11.4 Base Plate

11.4.1 Design force :

According to AISC341-10 section D2-6b for shear design of base plate :

M, ZF, 1331 x2400x107°
Vir = H - H - c g = 5.5ton

Viong = RyAgF,cos8 = 1.25 X 4000 X 12.56 X cos 70.94 = 20507.8 kg = 20.5 ton

11.4.2.Shear check in transverse direction :

According to INBC No.10 section 10-2-6-2-1
oV, = 0.6F,A,,C, 0,

h 28 2.06x106
—=—=35<224
tw 08 2400

=65 then ¢, =1 ¢,=1

@V, = 0.6 X 2400 X (25 % 0.8) x 1 x 1 = 28.80 on > 5.5 ton

11.4.3.Shear check in longitudinal direction :

According to INBC No.10 section 10-2-6-7-2

K,=1.2

b
h 7 125
—=42=—=1041
tw tf 1.2

Ay = 2bpty =2 X 25 X 1.2 = 60 cm2

h K,
— <11
t E,

=353 thenC,=1 @, =09

@V, = 0.9 x 0.6 X 2400 X 60 x 1 = 77760 kg = 77.760 ton > 20.5 ton
According to above calculation The column section is ok for shear check .

11.4.4.Bolt control in shear

Vinax = 20.5 ton
E,, = 0.45EF, = 2700 kg

®=0.75
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Viax 20500

A, = =
" BE,, ~ 0.75 x 2700

11.4.5.For ordinary & critical load combination

=10.1cm? USE 4M20(Area = 12.56cm?2)

To control of maximum axial load in columns must have to analyze structure with amplified earthquake.

M, =17.17 ton.m
P, = 15.56 ton

T =8.92 ton

15560
30 x30

gmax = =17.28 kgf /cm2
0, = 0.65 x 0.85 X 300 = 165.75%9L > 17.28 L ok
cm2 cm2

L— 0.95(1)2 1
—_— X —
2

MA=(o—C><B)x( >

M, = (17.28 x 30) X (3.125)%2 x 0.5 = 2531.25 kgf.cm

Z_30t2
4
S_30t2
6

M, = Z x Fy < 1.6My = 1.6S Fy
7.5t%2 < 1.6 X 5t% = 8t? ok
253125 =75%2400%t%2 t= 0.14 cm t=20mm

11.4.6.Tension Strength control of anchor bolts :

dp = 20mm

App = 3.14 cm2

For = 0.75F, = 4500kg/cm?2

®=0.75

Rpt = FpeApp, = 4500 X 4 X 4.52 X 1073 = 81.36 ton

@R, = 61.02ton = Tu = 8.92 ton ok




dh Sy (B Olwe Mgi Gl Bl g CudlugSS @‘
—Y P e 4l § o VI mlaw . —
¥ : _ @ 75
NISOC <Cw (S9! Pt ol yo 3 mf'j' RSy Do “ ] :,’:
TObow o)l Calculation Note For Fire Water Pump Shelter
053 _073_9184 039y | o My | owiTile | ODgd | &by | Wame gy | Jbe | 4k 60 31 45: axio ojled
BK GCS PEDCO 120 ST CN 0009 D00

11.4.7.Shear control of Anchor Bolts:

V 4.0
=Z—=—=1.0ton

%
YN T2

App = 3.14 cm2
®=0.75
F,, = 0.55Fu = 3300kg/cm?2
Ry = EypAy, = 3300 x 3.14 x 1073 = 10.36 ton
OR,, = 10.36ton > 1.0 ok
11.5 General requirements of embedment in concrete:

11.5.1.According to ACI318 appendix D:

Concrete breakout strength of anchor in tension : the nominal concrete breakout strength Ncbg shall not
exceed

Anc
Ncbg = wecwed,NwC,chp,NNb
ANCO

Acno = hef?

Anc = (S1 4 3hef)(S2 + 3hef)

K, =10

Np = 10¥,4/fehd? = 10 x 1 x V25 x 501° = 17.67 KN

Ca,max S1 S2

15 ??) = 53mm

Aef = max(

Camax = max(Cal,Ca2,Ca3,Ca4) = 170 mm

Anco = 9 X 502 = 22500 mm2

Ayc = (160 + 3 x 50) x (160 + 3 x 50) = 96100 mm2
Ween =1

Camin = 160 mm

hes = 50 mm
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160
Weay = 0.7+ 03X ———— =134

1.5x 50
wey =1
Wep N = 1
N, =A£w Wed NWe NDep NN =Mx1x1.34x1.25x17.67=126KN
cbg = g o VecWeaNDeNDPepNb = 5550
®=0.7

ONcpg = 8.82ton > 1.75 ok

Concrete strength to withstand against tension in braced frame column under combination with Q factor

is acceptable.

11.5.2.Concrete breakout of anchor in shear :

The nominal concrete breakout strength Vcbg in shear shall not exceed :

AVC

VCbg = A wec,Vwed,Vwc,th,VVb
vco

Ayeo = 4.5Cal?

Ay

<n=2
AVCO

h, = min(tr, 1.5Ca; ;) = (1600,1.5 X 70) = 105mm
Ay = 120 X 90 = 10800 mm2

Ayeo = 4.5Cal? = 22050 mm?2

Weaqy =1

Wey = 1.4

1.5Ca4
(l)h‘v = ha =1

l 0.2
V, = min <0.6 (d—e) Jdg Agr[fe Calls | 3.72,./Fc Ca11-5> = 10.83KN
a

_ Ayc 10800

WeeyWeaqyWeyWpyVp = 52050 X1X14%x1x10.8=7.4ton ok
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11.5.3-REQUIRED THICKNESS
Maximum Axial Load according to SAP2000 model is about 8.13 ton Under critical load

combination:

2P 215560
= Y =5 = 0.63cm used th =2 cm
0.9F, BN 0.9x2400x30x30

m = 1v—02.95::1_300—0.95*250_31 25
j — B08bf_300-08:250_p
2 2
J/db V24« 300
An' =2 4f=1* 7 =21

L=max(m,n,An)=50

12.0 FOUNDATION DESIGN
SAP2000 has been used in order to modeling, analyses and design of this foundation.

DETAILS” property of piles has been shown in the following FIG:

® ® © ® ®
| 1000 4000 6000 e OO0 4000 I(‘.@_]
R
g7 | | L1 mesew || , | | |
O E /B F——— 8 —— & — 2
I - J 1 Fi | 2 T

10000
4000

~ 4%_‘ %, = TIE_BE&M | | | | F I j‘
&) *ﬂ ey ———ﬁ— ------- , 4%7—— -
— E_,_ PEI A || F ” :.’ PED ” F T FEL.1 Fi ” PEI 1 ” . . ” ‘F’%

g~ —0.000
“W TOF

3500

3000

00

FIGURE 37-Foundation Plan
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12.1

Soil pressure and settlement

According to geotechnical report for this area allowable bearing capacity is qa = 2kg/cm2

Also allowable settlement of shallow foundation is 2.5cm .

subgrade modulus is Ks

= 1.69 kg/cm3

Shallow Foundation- GCS

om
-g’m i =10
;l-‘f‘ —e—tsB=t = k\“’ —— -.E;:m ——LB=1
Z: 1w | —=—UB=2 = B=2
% - Ue=s 23 LB=5 —
LUs=10 LB=10
= o 1 3 + 5 im
Foundation widih (m) T 1 Tmmdzﬁ:nwidlhanj ] £
Siom) tkgiem3) b o s sl uSie e
(m
LiB=1 L/B=2 L/B=5 L/B=10
10 1.69 1.33 1.14 1.09
2.0 1.00 0.85 0.78 0.77
3.0 0.78 0.69 0.65 0.64
4.0 0.68 0.60 0.57 0.57
5.0 0.0l 0.55 0.53 0.53

FIGURE 38-geotechnical parameters

% DJECT DGR - ATES ITOFMANON

Location Assgaments  [pads

A

Kdenhication

Label 20

Section Property
Section Name FON 8D
Saction Type Shed (Shal-Thick
Property Modifiers HMone
Material Overwrite Kone
Thickness Overwrite Kaone
Joint Offset Overwrite Wane
Local Axes Defaut
Area Spring
Sprng Type Swmple.
Stitnesylength2 169
Springs Resisis Compression Only
Spring Tension D Type Norrai To Face
Face Battom
Normal Orientation inward
Area Mass Hone
Automatic Area Mosh Hane
Auto Edge Constraint
Edge Releases tiona

Kgf. em, ©

Reset Al

\odity Dsplay

Cancel

Doubie cct WREE DACKHOUND CARLD 8CL 1em

Updsis Dsplay

FIGURE 39-Assign Spring to Foundation
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12.2 DESIGN

Concrete Foundation are designed according to ACI 318-14. Required loads are derived from

SAP data, and design process will be done according to ACI code based on ultimate strength

procedure.
f'. = 30Mpa , f; = 400Ma
The weight of Soil apply in foundation Model. Weights of this part is shown through the following
figure
Soil dead load is yh = 1.85 X 0.9 = 1.665 = = 1665%

| B Oibject Mol - Area bnformation

Locaton Assigrmests Loads

sail Aa8ign Load

Gravty Wghm

Upaate Dapiny

Wodify Diaplay

it rark wale Farknrrann ced in sl fam

FIGURE 40-Applied soil load on Foundation (Soil:1665 kg/m2)
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12.3 FOUNDATION DESIGN CONTROL
12.3.1 CHECK OF DISPLACEMENT OF FOUNDATION
TABLE: Joint Displacements stress(kg/cm2)
Joint OutputCase CaseType U3 ks F
Text Text Text cm kg/cm3 kg/cm2
22 Env- allowable Combination -0.099 1.690 -0.168
22 Env- allowable Combination -0.350 1.690 -0.592
44 Env- allowable Combination -0.099 1.690 -0.168
44 Env- allowable Combination -0.331 1.690 -0.559
48 Env- allowable Combination -0.094 1.690 -0.158
48 Env- allowable Combination -0.387 1.690 -0.655
49 Env- allowable Combination -0.103 1.690 -0.173
49 Env- allowable Combination -0.384 1.690 -0.649
50 Env- allowable Combination -0.094 1.690 -0.159
50 Env- allowable Combination -0.354 1.690 -0.599
51 Env- allowable Combination -0.092 1.690 -0.155
51 Env- allowable Combination -0.355 1.690 -0.599
52 Env- allowable Combination -0.101 1.690 -0.171
52 Env- allowable Combination -0.327 1.690 -0.553
53 Env- allowable Combination -0.105 1.690 -0.178
53 Env- allowable Combination -0.379 1.690 -0.641
54 Env- allowable Combination -0.098 1.690 -0.165
54 Env- allowable Combination -0.391 1.690 -0.661
60 Env- allowable Combination -0.096 1.690 -0.163
60 Env- allowable Combination -0.351 1.690 -0.593
61 Env- allowable Combination -0.089 1.690 -0.150
61 Env- allowable Combination -0.378 1.690 -0.638
62 Env- allowable Combination -0.130 1.690 -0.220
62 Env- allowable Combination -0.353 1.690 -0.596
63 Env- allowable Combination -0.087 1.690 -0.148
63 Env- allowable Combination -0.321 1.690 -0.543
64 Env- allowable Combination -0.063 1.690 -0.107
64 Env- allowable Combination -0.360 1.690 -0.608
69 Env- allowable Combination -0.113 1.690 -0.190
69 Env- allowable Combination -0.358 1.690 -0.605
95 Env- allowable Combination -0.098 1.690 -0.166
95 Env- allowable Combination -0.394 1.690 -0.666
96 Env- allowable Combination -0.088 1.690 -0.149
96 Env- allowable Combination -0.413 1.690 -0.699
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97 Env- allowable Combination -0.098 1.690 -0.165
97 Env- allowable Combination -0.375 1.690 -0.633
98 Env- allowable Combination -0.122 1.690 -0.207
98 Env- allowable Combination -0.363 1.690 -0.613
99 Env- allowable Combination -0.122 1.690 -0.207
99 Env- allowable Combination -0.346 1.690 -0.585
100 Env- allowable Combination -0.083 1.690 -0.141
100 Env- allowable Combination -0.399 1.690 -0.675
101 Env- allowable Combination -0.088 1.690 -0.149
101 Env- allowable Combination -0.414 1.690 -0.700
102 Env- allowable Combination -0.096 1.690 -0.162
102 Env- allowable Combination -0.340 1.690 -0.575
103 Env- allowable Combination -0.111 1.690 -0.187
103 Env- allowable Combination -0.316 1.690 -0.534
104 Env- allowable Combination -0.089 1.690 -0.151
104 Env- allowable Combination -0.314 1.690 -0.530
105 Env- allowable Combination -0.087 1.690 -0.148
105 Env- allowable Combination -0.335 1.690 -0.566
106 Env- allowable Combination -0.128 1.690 -0.217
106 Env- allowable Combination -0.339 1.690 -0.572
107 Env- allowable Combination -0.086 1.690 -0.146
107 Env- allowable Combination -0.407 1.690 -0.688
108 Env- allowable Combination -0.055 1.690 -0.093
108 Env- allowable Combination -0.387 1.690 -0.654
109 Env- allowable Combination -0.095 1.690 -0.160
109 Env- allowable Combination -0.306 1.690 -0.517
110 Env- allowable Combination -0.059 1.690 -0.100
110 Env- allowable Combination -0.366 1.690 -0.618
111 Env- allowable Combination -0.081 1.690 -0.137
111 Env- allowable Combination -0.327 1.690 -0.553
112 Env- allowable Combination -0.129 1.690 -0.218
112 Env- allowable Combination -0.354 1.690 -0.599
113 Env- allowable Combination -0.090 1.690 -0.152
113 Env- allowable Combination -0.383 1.690 -0.647
114 Env- allowable Combination -0.081 1.690 -0.137
114 Env- allowable Combination -0.377 1.690 -0.637
115 Env- allowable Combination -0.082 1.690 -0.139
115 Env- allowable Combination -0.402 1.690 -0.680
116 Env- allowable Combination -0.098 1.690 -0.166
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116 Env- allowable Combination -0.390 1.690 -0.659
117 Env- allowable Combination -0.112 1.690 -0.189
117 Env- allowable Combination -0.356 1.690 -0.602
118 Env- allowable Combination -0.069 1.690 -0.117
118 Env- allowable Combination -0.426 1.690 -0.721
119 Env- allowable Combination -0.069 1.690 -0.117
119 Env- allowable Combination -0.410 1.690 -0.693
120 Env- allowable Combination -0.115 1.690 -0.195
120 Env- allowable Combination -0.345 1.690 -0.583
121 Env- allowable Combination -0.120 1.690 -0.203
121 Env- allowable Combination -0.363 1.690 -0.614
122 Env- allowable Combination -0.082 1.690 -0.138
122 Env- allowable Combination -0.342 1.690 -0.577
123 Env- allowable Combination -0.081 1.690 -0.137
123 Env- allowable Combination -0.320 1.690 -0.541
124 Env- allowable Combination -0.113 1.690 -0.191
124 Env- allowable Combination -0.316 1.690 -0.534
125 Env- allowable Combination -0.100 1.690 -0.169
125 Env- allowable Combination -0.341 1.690 -0.576
126 Env- allowable Combination -0.081 1.690 -0.137
126 Env- allowable Combination -0.306 1.690 -0.517
127 Env- allowable Combination -0.068 1.690 -0.115
127 Env- allowable Combination -0.380 1.690 -0.641
128 Env- allowable Combination -0.093 1.690 -0.157
128 Env- allowable Combination -0.402 1.690 -0.679
129 Env- allowable Combination -0.131 1.690 -0.221
129 Env- allowable Combination -0.335 1.690 -0.567
130 Env- allowable Combination -0.110 1.690 -0.186
130 Env- allowable Combination -0.360 1.690 -0.608
131 Env- allowable Combination -0.075 1.690 -0.127
131 Env- allowable Combination -0.371 1.690 -0.626
132 Env- allowable Combination -0.079 1.690 -0.133
132 Env- allowable Combination -0.340 1.690 -0.574
133 Env- allowable Combination -0.110 1.690 -0.185
133 Env- allowable Combination -0.337 1.690 -0.570
134 Env- allowable Combination -0.103 1.690 -0.174
134 Env- allowable Combination -0.378 1.690 -0.639
135 Env- allowable Combination -0.108 1.690 -0.183
135 Env- allowable Combination -0.369 1.690 -0.623
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136 Env- allowable Combination -0.092 1.690 -0.156
136 Env- allowable Combination -0.397 1.690 -0.671
137 Env- allowable Combination -0.094 1.690 -0.159
137 Env- allowable Combination -0.406 1.690 -0.686
138 Env- allowable Combination -0.121 1.690 -0.204
138 Env- allowable Combination -0.349 1.690 -0.591
139 Env- allowable Combination -0.110 1.690 -0.186
139 Env- allowable Combination -0.387 1.690 -0.653
140 Env- allowable Combination -0.084 1.690 -0.142
140 Env- allowable Combination -0.408 1.690 -0.690
141 Env- allowable Combination -0.105 1.690 -0.178
141 Env- allowable Combination -0.369 1.690 -0.624
142 Env- allowable Combination -0.101 1.690 -0.170
142 Env- allowable Combination -0.328 1.690 -0.554
143 Env- allowable Combination -0.097 1.690 -0.164
143 Env- allowable Combination -0.340 1.690 -0.574
144 Env- allowable Combination -0.087 1.690 -0.148
144 Env- allowable Combination -0.322 1.690 -0.544
145 Env- allowable Combination -0.110 1.690 -0.186
145 Env- allowable Combination -0.315 1.690 -0.532
146 Env- allowable Combination -0.108 1.690 -0.182
146 Env- allowable Combination -0.365 1.690 -0.617
147 Env- allowable Combination -0.113 1.690 -0.191
147 Env- allowable Combination -0.324 1.690 -0.547
148 Env- allowable Combination -0.077 1.690 -0.130
148 Env- allowable Combination -0.342 1.690 -0.577
149 Env- allowable Combination -0.070 1.690 -0.119
149 Env- allowable Combination -0.399 1.690 -0.674
150 Env- allowable Combination -0.077 1.690 -0.130
150 Env- allowable Combination -0.343 1.690 -0.580
151 Env- allowable Combination -0.074 1.690 -0.125
151 Env- allowable Combination -0.376 1.690 -0.636
152 Env- allowable Combination -0.110 1.690 -0.186
152 Env- allowable Combination -0.363 1.690 -0.613
153 Env- allowable Combination -0.105 1.690 -0.178
153 Env- allowable Combination -0.341 1.690 -0.576
154 Env- allowable Combination -0.081 1.690 -0.137
154 Env- allowable Combination -0.391 1.690 -0.660
155 Env- allowable Combination -0.106 1.690 -0.180
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155 Env- allowable Combination -0.363 1.690 -0.613
156 Env- allowable Combination -0.102 1.690 -0.173
156 Env- allowable Combination -0.375 1.690 -0.634
157 Env- allowable Combination -0.099 1.690 -0.168
157 Env- allowable Combination -0.398 1.690 -0.673
158 Env- allowable Combination -0.067 1.690 -0.114
158 Env- allowable Combination -0.420 1.690 -0.710
159 Env- allowable Combination -0.097 1.690 -0.163
159 Env- allowable Combination -0.393 1.690 -0.665
160 Env- allowable Combination -0.116 1.690 -0.196
160 Env- allowable Combination -0.351 1.690 -0.592
161 Env- allowable Combination -0.097 1.690 -0.163
161 Env- allowable Combination -0.377 1.690 -0.637
162 Env- allowable Combination -0.081 1.690 -0.136
162 Env- allowable Combination -0.328 1.690 -0.555
163 Env- allowable Combination -0.096 1.690 -0.163
163 Env- allowable Combination -0.343 1.690 -0.580
164 Env- allowable Combination -0.104 1.690 -0.176
164 Env- allowable Combination -0.328 1.690 -0.555
165 Env- allowable Combination -0.106 1.690 -0.179
165 Env- allowable Combination -0.318 1.690 -0.537
166 Env- allowable Combination -0.078 1.690 -0.131
166 Env- allowable Combination -0.337 1.690 -0.569
167 Env- allowable Combination -0.106 1.690 -0.178
167 Env- allowable Combination -0.318 1.690 -0.537
168 Env- allowable Combination -0.113 1.690 -0.191
168 Env- allowable Combination -0.359 1.690 -0.607
169 Env- allowable Combination -0.080 1.690 -0.135
169 Env- allowable Combination -0.392 1.690 -0.663
170 Env- allowable Combination -0.148 1.690 -0.251
170 Env- allowable Combination -0.392 1.690 -0.663
171 Env- allowable Combination -0.148 1.690 -0.251
171 Env- allowable Combination -0.395 1.690 -0.667
172 Env- allowable Combination -0.138 1.690 -0.233
172 Env- allowable Combination -0.397 1.690 -0.671
173 Env- allowable Combination -0.158 1.690 -0.267
173 Env- allowable Combination -0.387 1.690 -0.654
174 Env- allowable Combination -0.158 1.690 -0.266
174 Env- allowable Combination -0.387 1.690 -0.654




b

KU

S (SR Oldwo Mgl (1381 9 CullngS
P e 4l § o VI mlaw

NISOC <Cw 6)5T o> ol 4o 35 o 1y sy Olusl ‘ “f--"‘ ; :,':
TObow o)l Calculation Note For Fire Water Pump Shelter
053 _073_9184 039y | o My | owiTile | ODgd | &by | Wame gy | Jbe | 4k 60 31 55: amio ojleis
BK GCS PEDCO 120 ST CN 0009 | DOO

175 Env- allowable Combination -0.137 1.690 -0.232
175 Env- allowable Combination -0.397 1.690 -0.671
176 Env- allowable Combination -0.148 1.690 -0.249
176 Env- allowable Combination -0.392 1.690 -0.663
177 Env- allowable Combination -0.138 1.690 -0.233
177 Env- allowable Combination -0.397 1.690 -0.671
178 Env- allowable Combination -0.147 1.690 -0.249
178 Env- allowable Combination -0.392 1.690 -0.663
179 Env- allowable Combination -0.158 1.690 -0.268
179 Env- allowable Combination -0.387 1.690 -0.654
180 Env- allowable Combination -0.158 1.690 -0.267
180 Env- allowable Combination -0.384 1.690 -0.648
181 Env- allowable Combination -0.138 1.690 -0.233
181 Env- allowable Combination -0.405 1.690 -0.684
182 Env- allowable Combination -0.138 1.690 -0.232
182 Env- allowable Combination -0.405 1.690 -0.685
183 Env- allowable Combination -0.158 1.690 -0.266
183 Env- allowable Combination -0.384 1.690 -0.649
184 Env- allowable Combination -0.148 1.690 -0.250
184 Env- allowable Combination -0.395 1.690 -0.667
185 Env- allowable Combination -0.158 1.690 -0.268
185 Env- allowable Combination -0.384 1.690 -0.649
186 Env- allowable Combination -0.147 1.690 -0.249
186 Env- allowable Combination -0.395 1.690 -0.668
187 Env- allowable Combination -0.138 1.690 -0.234
187 Env- allowable Combination -0.405 1.690 -0.684
Max Dispalcement(cm)= -0.4264 | F(kg/cm2) -0.7206

According to above output, Max soil pressure under the foundation is:

qn = 0426 X 1.69 = 0.721kg/cm? < 2 kg/cm? ok

12.3.2. CHECK OF DISPLACEMENT FOR FOUNDATION

According to above outputs, Max soil displacement under the foundation is:

d, = 0.426cm < 2.5 cm

ok
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12.3.3 REINFORCING CONTROL

Minimum rebar for foundation :

Ag min = 0.0018bh

1 1
Asmin =50.0018 bh = >0.0018 X 100 X 60 = 5.4 cm’/m

A ysed = 016@200 = 10.05cm?

T
2746898

il

T+
3602037
d

1

FIGURE 41-M22 & M11 result

According to above figures max Moment is about 3.6ton.m= 360203.7 kg-cm




b

SO (S8 Ofdwe Mgi ! I g CublngS

? P e 4l § o VI mlaw -
¢ :H; ' . C;.! RGAN )
I s e = - . s ENERG ,_Il,l,ﬁl
NISOC ECw (5191 o oluwl 3 H @ 1§ 8y Dlus! 'y =
TObow o)l Calculation Note For Fire Water Pump Shelter
053-073-9184 °39n | S G | owSidle | Mhed | &by | omEy | Jum | e 60 3 57: amio ol
BK GCS PEDCO 120 ST CN 0009 D00
Mu,; = 360203.7 kg.cm
b =100 cm
fo =300
fy, = 4000
d = 54cm
®=09
M,
M, = 2 = 400000 kg.cm
M,
R, = = 1.372
™7 b.d?
fy
= 15.686
17 0.85f.
2myR
Preq = 1— [1—-=—22|=0.000344
fy
As(req) = Preq- b.d = 1.857
used @16@ 200  (top & bot)
As
INPUT Mu(ton.m) b(cm) d{cm) Fy (kg/cm”2) fo(kg/cmn2) phi
3.6 100 54 4000 300 0.9
Mn Rnl ml Prag As(req) use phi
OQUTPUT
400000.000 1.372 15.686 0.000344 1.857 16.000
| 750 500 750
170164170
+0.400 ToE7s5 /;\
TOG. X oab 0 h
] o ) 4-T—F1-20-130-500 il :
o 1108150 5
o ) = I On 4@‘
a (B a1 -
= N8/ 22
= 12116 3
PEDESTAL 1
—0.900 — T162200 Ie
TOF. = /77 - — TOP&BOT. ®
. 1 |
L] . L B . & = . \l
| e e ] S| ‘ =]
G \ LEAN CONCRETE e \ 1168200
1o 2000 1oh lzr10 5 TOP&AQT,

-

FIGURE 42-Reinforcement(316@ 200)
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e PEDESTAL DESIGN
Pedestal details can be seen in below Figure:

Sectin Naeme = Désplay Calar | ]
Seation Nobes MadeySraw Nobes.

Desth (131 o5 f |

Fropermes

Braperty Moshers Sactent Prepurtes

Set iparsers. Tira Dapendar Proparties

ok (= ) R fnrerent te be Desgned

FIGURE 43- Pedestal reinforcement detail (Ped1-50x50)

Because the all pedestals have been modeled by the whole structure in the SAP file so P-Mx-My interaction
of pedestal can be checked based on SAP file. As can be seen in Below Figure the P-M interaction ratio is

located allowable.

FIGURE 44- pedestal design
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TABLE: Concrete Design 1 - Column Summary Data - ACI 318-11

Frame DesignSect DesignType DesignOpt Status Location PMMRatio
Text Text Text Text Text m Unitless <1
23 PED 1 Column Check No Messages 0 0.031742 OK
23 PED 1 Column Check No Messages 0.4 0.046673 OK
23 PED 1 Column Check No Messages 0.8 0.086026 OK
24 PED 1 Column Check No Messages 0 0.025824 OK
24 PED 1 Column Check No Messages 0.4 0.051279 OK
24 PED 1 Column Check No Messages 0.8 0.096551 OK
46 PED 1 Column Check No Messages 0 0.039772 OK
46 PED 1 Column Check No Messages 0.4 0.049568 OK
46 PED 1 Column Check No Messages 0.8 0.077547 OK
47 PED 1 Column Check No Messages 0 0.040852 OK
47 PED 1 Column Check No Messages 0.4 0.04961 OK
47 PED 1 Column Check No Messages 0.8 0.077832 OK
95 PED 1 Column Check No Messages 0 0.031941 OK
95 PED 1 Column Check No Messages 0.4 0.048419 OK
95 PED 1 Column Check No Messages 0.8 0.090562 OK
96 PED 1 Column Check No Messages 0 0.032292 OK
96 PED 1 Column Check No Messages 0.4 0.049982 OK
96 PED 1 Column Check No Messages 0.8 0.09214 OK
97 PED 1 Column Check No Messages 0 0.025824 OK
97 PED 1 Column Check No Messages 0.4 0.062317 OK
97 PED 1 Column Check No Messages 0.8 0.113038 OK
98 PED 1 Column Check No Messages 0 0.037629 OK
98 PED 1 Column Check No Messages 0.4 0.046173 OK
98 PED 1 Column Check No Messages 0.8 0.071122 OK
103 PED 1 Column Check No Messages 0 0.043502 OK
103 PED 1 Column Check No Messages 0.4 0.051341 OK
103 PED 1 Column Check No Messages 0.8 0.077832 OK
104 PED 1 Column Check No Messages 0 0.03006 OK
104 PED 1 Column Check No Messages 0.4 0.044182 OK
104 PED 1 Column Check No Messages 0.8 0.081544 OK
124 PED2 Column Check No Messages 0 0.001516 OK
124 PED2 Column Check No Messages 0.4 0.003961 OK
124 PED2 Column Check No Messages 0.8 0.007869 OK
126 PED2 Column Check No Messages 0 0.001516 OK
126 PED2 Column Check No Messages 0.4 0.003955 OK
126 PED2 Column Check No Messages 0.8 0.007825 OK
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128 PED2 Column Check No Messages 0 0.001516 OK
128 PED2 Column Check No Messages 0.4 0.003968 OK
128 PED2 Column Check No Messages 0.8 0.007851 OK
130 PED2 Column Check No Messages 0 0.001516 OK
130 PED2 Column Check No Messages 0.4 0.00396 OK
130 PED2 Column Check No Messages 0.8 0.007834 OK




