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1.0 INTRODUCTION

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.

20 SCOPE

This report covers the structure & foundation calculation report of the “Chemical injection
and Storage Shelter ”. The structure modelled by “SAP” software & the foundation
modelled by “SAFE” software.

3.0 NORMATIVE REFERENCE
3.1 Local Codes and Standards

¢ 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)

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”.

o 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.

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

3.3 The Project Documents
o BK-GNRAL-PEDCO-000-ST-SP-0001 SPECIFICATION FOR CONCRETE WORK

o BK-GCS-PEDCO-120-ST-DW-0058 STRUCTURAL DRAWING FOR CHEMICAL INJECTION &
STORAGE SHELTER
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40 MATERIAL PROPERTIES

Material properties are delivered in the following table.

TABLE 1 -MATERIAL PROPERTIES

Foundation Concrete F'c = 25 Mpa(28- day cylindrical sample)
Long. reinforcement bar Fy = 400 Mpa(Alll)

Trans. reinforcement bar Fy = 400 Mpa(Alll)

Bolt Type HV 8.8

Electrode Type E70

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 listed at below table.

TABLE 2 -MATERIAL PROPERTIES

R OMEGA CD
X DIR 3.5 3 3
Y DIR 3.25 2 3.25

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?
Z Purlin : 8 kg/m?

Insulation : 10 kg/m?
z sum = 26 kg/m?

Roof weight is assigned in software 26 kg/m2.

e At endedframe: 26 x 2.5 =65kg/m
e At middle frame: 26 x5 =130 kg/m
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Figure 1-applied Dead load on ended axe(1&3) (kg/m) Figure 2-applied Dead load on middle axe 2(kg/m)

6.2 Live Loads

The design live load on an area shall be defined as the weight of all movable loads, including
personnel, tools, and parts of dismantled equipment, cranes, hoist, and temporarily stored materials.

According to Iranian National Building code No.6 Live load in light slop roof is 50kg/m2 and assumed
1.3KN concentrated load has been applied at critical frame.

e At ended frame:50x 2.5 =125kg/m
e At middle frame : 50 X 5 = 250 kg/m

=.l o
p &
2 . o
* S
e @ ® -9
[ ® ° °
] ®
® )
[ ° ° 0

Figure 3-Applied live Load on frame 2 (kg/m)
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Figure 4-Applied live Load on frame 1&3 (kg/m)

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:

P = PG, CrlsCy
Ps=25 kg/m2 , Is=1
Cs=0.91 (slope 11.319)=1-—> = 1 = = = 0.902

70—0{0
Ch=1
Cn=0.8
kg
P. = P,C,,CyIsCs = 18”06E

e At ended frame : 18.06 x 2.5 = 45.15 kg/m
e At middle frame: 18.06 x5 =90.3 kg/m

TR T CHENNE

L ] [ ]

* L ]
L ] [ ]

L L ]
o [ ] ° °

Figure 5-applied Snow load on ended axe(1&3) (kg/m) Figure 6-applied Snow load on middle axe 2(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:

LS N S S )

)yl (1T e
W< F/[+(m)
kg
lu<é6 P. =[P, = 25—
forlu m r = IF, >
L

w -
- L]
L J i L
@ - o
L ] * -
* 1
L]
-
o 1 @
i i
@
° L * Wind load

Figure 7-applied unbalancexd Snow Load(SN)

e At ended frame : 25 x 2.5 = 62.5 kg/m
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Wind load

L ]
L ]
e * .
L ] L ]
ik i
L ]
u ]
L]
4k
L ] L ]
-
.
L] o

Figure 8-applied unbalancexd Snow Load(SP)

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 lll. 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.

Seismic loads are calculated according to Iranian Seismic Design code for petroleum facilities
(3rd Edition)

For OMF system (X direction)

Rux=3.5
Omega=3
Cd=3

For OCBF system (Y direction)

Ruy=3.25
Omega=2
Cd=3.25
Soil Type : Type Il
According to Iranian Seismic Design code for petroleum facilities (3rd Edition)
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= For Xdirection

input
A Ru 1 Cd B(0.2 SEC) B(1 SEC) T{etabs or sap )
0.3 3.5 1 3 2.75 1.9 0.3
output
5Ds 501 5a T0 Ts Cu
0.825 0.57 0.825 | 0.138181818 | 0.690909091 0.235714286

A=0.3

Ru = 3.5(According to table 4-4 code 038 3r Edition)
Cd = 3.0(According to table 4-4 code 038 3r Edition)
I=1

B(0.25)=2.75( According to Soil type)

B(1s)=1.9( According to Soil type)

T = 0.3 according to sap software

TO<T<Ts Sa = A.B(0.2s) = 0.825
Cyx = 2=0.235

= For Y direction:

A Ru 1 Cd B(0.2 SEC) B{1SEC) Tletabs or sap )
0.3 3.25 1 3.25 2.75 1.9 0.3
505 5D1 5a TO Ts Cu
0.825 0.57 0.825 |[0.138181818| 0.690903091 0.254

A = 0.3 (In this area)
Ru = 3.25(According to table 4-4 code 038 3r Edition)
Cd = 3.25(According to table 4-4 code 038 3r Edition)
I=1
B(0.25)=2.75( According to Soil type)
B(1s)=1.9( According to Soil type)

T = 0.3 according to sap model

TO<T<Ts Sa = A.B(0.2s) = 0.825
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Cuy = 21=0.254

u

-Ev : Vertical seismic load applied at model according to section 2-2-3-2 (code 038)

E, = aSps = 0.2  0.825 = 0.165

13 Load Case Data - Linear Static

Load Case Name Notes

[ev Set Def Name Wodify/Show...

Stiffness to Use
O Zero Initial Conditions - Unstressed State

@) stiffness at End of Nonlinear Case PDelta

Loads Applied

Load Type Load Name Scale Factor
Load Pattern ~ |DL
Load Pattsrn [oi65 ] Add
Modify

Delete

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

6.6 CRANE LOAD

Distribution of crane load is as below :
Capacity : 2000 kg

Monorail weight +Trolley weight : 2000 kg
Cis: crane vertical impact load
Cvs+Cis=KvCvs

Kvs =1.25 (according to INBC no.6)
Cvs=1.25x(2000+2000)= 5000 kg = 5 ton

Cls=0.1x5000 = 500 kg (in Y direction)
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6.7 WIND LOADS
Wind loads are calculated according to ASCE07-10 and applied at model as below:

V=120 km/h(According to Iranian National Building Code No.6 last edition)
m
v(3)

10
VASCE = 153 XV 161W X VINBC = 153 X 16 X 120 X % = 645 mph

VASCE = 153 X V16IW X VINBC

| S !

|
L1 1]
!

1

Elevation

Building classification =1 building and other structures that represent a low risk to human life in the
event of failure (Risk Category)

Exposure Category=C(open terrain with scattered obstructions having heights generally<30ft . this
category includes flat open country and grass lands.

Ridge height =5.7 m
Eave height =5.2 m
Building width=5 m
Building length=10m

Roof type =Gable
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Topo factor Kzt=1
Direct factor kd=1
Enclose =yes
Hurricane rfegion =no
Roof angle =11.31

Mean roof height =5.45 m

qr=0..00256 * Kz Kzt * Kd = v? = 7.97 psf

GCy; Coefficient (Positive Internal pressure) = 0.18

GCp; Coefficient (Negative Internal pressure) = —0.18

Zones 5 and 6 are sidewalls.

Zone 1 is windward wall for interior zone.
Zone 2 is windward roof for interior zone.
Zone 3 is leeward roof for interior zone.
Zone 4 is leeward wall for interior zone.

Zone 1T is windward wall for torsional case
Zone 3T is leeward roof for torsional case

External Pressure Coeflients, GCpf (Fig. 28.4-1): External Pressure Coeflients, GCpf (Fig. 28.4-1)
ForLoad Case A For Load Case B:

Wall Zone 1= 0.45 Wall Zone 1= 0.40
Roof Zone 2 = -0.69 Roof Zone 2 = -0.69
Roof Zone 3= -0.42 Roof Zone 3= -0.37
Wall Zone 4 = -0.35 Wall Zone 4 = -0.28
Wall Zone 5= - Wall Zone 5= -0.45
Wall Zone 6 = - Wall Zone 6= -0.45
Wall Zone 1E = 0.69 Wall Zone 1E = 0.61
Roof Zone 2E = -1.07 Roof Zone 2E = -1.07
Roof Zone 3E = -0.60 Roof Zone 3E = -0.53
Wall Zone 4E = -0.52 Wall Zone 4E = -0.43
Roof Zone 5E = 0.61
Wall Zone GE = -0.43

Zone 1E is windward wall for end zone.
Zone 2E is windward roof for end zone.

Zone 3E is leeward roof for end zone.
Zone 4E is leeward wall for end zone.
Zone 5E & 6E is sidewalls for end zone.

Zone 2T is windward roof for torsional case.

Zone 4T is leeward wall for torsional case.

According to ASCE 07-10 Design wind pressure for the building of all height shall be determined by the following
equation : P = qGCp — qi(GCpi)
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MWEFRS Wind Load for Load Case A MWEFRS Wind Load for Load Case B
p = Net p = Net
Surface | GCpf | Pressures (psf) Surface *GCpf Pressures (psf)
(w/ +GCpi) (w/ -GCpi) (w/ +GCpi) (w/ -GCpi)
Zone 1 0.45 2.19 5.06 Zone 1 0.40 1.75 4.62
Zone 2 | -0.69 -6.94 -4.07 Zone 2 -0.69 -6.94 -4.07
Zone 3 | -0.42 -4.75 -1.88 Zone 3 -0.37 -4.39 -1.52
Zone 4 | -0.35 -4.22 -1.35 Zone 4 -0.29 -3.75 -0.88
Zone 5 - --- --- Zone 5 -0.45 -5.02 -2.15
Zone 6 - --- --- Zone 6 -0.45 -5.02 -2.15
Zone 1E | 0.69 4.07 6.94 Zone 1E 0.61 3.43 6.30
Zone 2E | -1.07 -9.97 -7.10 Zone 2E -1.07 -9.97 -7.10
Zone 3E | -0.60 -6.20 -3.33 Zone 3E -0.53 -5.66 -2.79
Zone 4E | -0.52 -5.57 -2.70 Zone 4E -0.43 -4.86 -1.99
Zone 5E - --- --- Zone 5E 0.61 3.43 6.30
Zone 6E -—- --- --- Zone 6E -0.43 -4.86 -1.99
MWFRS Wind Load for Load Case A MWFRS Wind Load for Load Case B
p = Net Pressures
Surface GCpf (kg/m2) Surface *GCpf p = Net Pressures (kg/m2)
(w/ +GCpi) (w/ -GCpi) (w/ +GCpi) (w/ -GCpi)
Zone 1 0.45 10.69 24.70 Zone 1 0.40 8.56 22.57
Zone 2 -0.69 -33.85 -19.85 Zone 2 -0.69 -33.85 -19.85
Zone 3 -0.42 -23.20 -9.19 Zone 3 -0.37 -21.40 -7.39
Zone 4 -0.35 -20.58 -6.57 Zone 4 -0.29 -18.29 -4.28
Zone 5 Zone 5 -0.45 -24.51 -10.51
Zone 6 Zone 6 -0.45 -24.51 -10.51
Zone 1E 0.69 19.84 33.85 Zone 1E 0.61 16.73 30.74
Zone 2E -1.07 -48.64 -34.63 Zone 2E -1.07 -48.64 -34.63
Zone 3E -0.60 -30.25 -16.24 Zone 3E -0.53 -27.63 -13.62
Zone 4E -0.52 -27.17 -13.17 Zone 4E -0.43 -23.74 -9.73
Zone 5E Zone 5E 0.61 16.73 30.74
Zone 6E Zone 6E -0.43 -23.74 -9.73

Figure 5-Wind Load calculation( (kg/m2))
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Low-Rise
Buildings
h==60"

-Wind Load Apply at Frame 2

Load Case A

(WXx) Due to G+Cpi

Figure 9-Wind Load Direction

Figure 10-Wind Load apply(wx &wx1)

1: Wx =10.69 x 5 = 53.45 %"

2: Wx =—33.85x5=—169.25 %"

kg

3: Wx=-2320%x5=-116 —
m

kg

4: Wx =-2058x5=-1029 —
m

Wx1: Due to G-Cpi

Load Case B

1: Wx =2470x%5 = 123.50 %"

2: Wx = —19.85 x 5 = —99.25 %"

3:

4.

kg

Wx =-9.19 x5 =-4595 —
m

kg

Wx =—6.57 x5 =-3285 —
m
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Wind Load Apply at Frame 2 :
Angdf 46

Load Case A

—

—

112.85 30
P ]
S o

Figure 11-Wind Load apply(wy &wyl)

WY1: Due to G-Cpi

(WY) Due to G+Cpi
1: Wy=856x5=142.80 2

2: Wy=

—33.85 x 5 = —169.25 %"

k
g 3:

3: Wy=-2140%x5=-107 7

k
g 4.

4: Wy =-1829x5=-9145 —

kg

51 Wy =-2451x0.25= —67

kg

6: Wy =-2451x0.25=-6 —

1: Wyl =2275 x5=112.85

21

2: Wyl = —19.85x 5 = =99.25 *<

kg

Wyl =-739x5=—3695 ——
m

kg

Wyl =—-4.28x%x5=-2140 —
m

kg

5: Wyl =-10.51x0.25= —2.627

kg

Wyl =-10.51 x 0.25 = 2.62 o
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7.0 SAP loading table
€ Define Load Patterns X
Load Patterns Click To:
Load Pattern Mame Type Serl.:L1|‘I;ri|;"l>:igehrt i\uuatg II;:I':al—fr: AL LTEL BT
|DL | Dead ~ Modify Load Pattern
I
Lr Roof Live 0
EX CQuake 0 User Cuefﬂc?ent + Tee 2o T
EY CQuake 0 User Coefficient
WK Wind 0 None
;{( :‘:21 g Nene + Show Load Pattern Notes...
SUPERDEALD I}.ead 0
'LI'L hd 'Ll':lr'sperature hd g he
Cancel
8.0 Load combinations
According to code ASCE?7 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(Lr/S/R)
= 1.2D+1.6(Lr/S/R) + (L/0.5W)
= 1.2D+1.0(W) + L+.5(Lr/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+(0.6Wor 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
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.




b
SV

S (G Olwo M gi il BT 9 Sl g
u’a)‘zﬂ oo Al g g'a)‘z" ka

-

J&:'y::v;.‘——J/A
. Cﬂlﬁﬁﬁ!;‘f i
PP e S . 3 & LN RS ]
NISOC GO (5191 xe ol ! 5o JE o515 8y Sl 'Y /jﬁ
1Oy osled Calculation Note For Chemical Injection And Storage Shelter
053 _073-9184 0395 | ol iy | oSSl | Mg | &y | Fodegy | Jh | 4 39 31 19 axio ok
BK GCS PEDCO 120 ST CN 0026 D00
r "o . & -}_.-.-.-1
€. o 1
1 = /—#F ." ¥
4 4 S ¥ -:=""?
i / r i 2 z}
1 wl- f
| / | = . /
": /'/ i
..._ i

Figure 13: MOMENT 3-3 UNDER EX LOAD




b S (S Ol g Bl 9 uligSS @'
— -

o 91 o gl § 23V
- D) w2l 9 (e Y o it

HIRGAN —)
s 1 P X - . ENERGY ,.—|
NISOC GO (5191 xe ol ! 5o JE o515 8y Sl ‘ 'Y /_]‘h
1Oy osled Calculation Note For Chemical Injection And Storage Shelter
053 _073-9184 0395 | ol iy | oSSl | Mg | &y | Fodegy | Jh | 4 39 31 20: axio ol
BK GCS PEDCO 120 ST CN 0026 D00

Figure 14: MOMENT 3-3 WX LOAD

9.2 FLEXTURAL DESIGN OF CRANE BEAM

According to below output from sap software maximum crane beam moment under critical load
combination is 605863 kg.cm :

PMn = 0.9xZxFy = 0.9x2400x561 = 1211760 kg.cm
M, = 605863 kg.cm

_6058_
1211 ¢
) -1 N
T o E ~T N\
- A rﬂ%h )
&- W @ e e
I~ bt o

Figure 15: MOMENT 3-3 UNDER SERVICE LOAD COMBINATION ON CRANE BEAM

9.3 DEFLECTION CONTROL :

Maximum beam deflection under crane live load is :

__PL® _ 2000%500"3
T 48EI ~ 48%2.1%x106%9723

= 0.25 cm< 0.625 ok
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800 800 o> m
9.4 DRIFT CONTROL :
Pt Obj: 24
Pt Elm: 24
Ul= 1628
Uz =-0771
B 1 U3 2093
i PS8 R1= 2E-05
J y R2 = 00146
i o 4 L R3= 5447E-06
// e
- 4 i y
\: S
o
% s

FIGURE 16: Moment 3-3 under service load combination on crane beam

Maximum displacement according to above output from sap model under critical service load
combination is about 1.62 cm which is less than allowable drift.

h
allowable driftis —— = 2.5cm

180
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10.0 STRUCTURAL DESIGN RESULTS

10.1 Graphical output

Figure 17: Steel Design Output
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FIGURE 18: Demand Capacity Ratio of Elements

11.0 STRUCTURE CONNECTIONS

11.1 Special moment frame

-BEAM TO COLUMN

According to AISC 358-10 chapter 6, connection types 4ES and 8ES shall be used.
Prequalified Special moment frame connections have been determined according to AISC
341- 10, Part 1, Section 10; AISC 358-10, Chapter 6 & AISC Design Guides 4, 13.
Introductory figures & tables are attached. (Design procedure is mainly based on AISC
358 — 10 section 6.10)

High pretension bolts, used are equivalent to HV8.8 with ultimate strength of Fu=8,000

kg/cm2. The units used in the above mentioned codes & based calculation are kg-cm.

912 MEMBEI REQUIREMENTS [Sect. DI
Sae. 11 MEMISER REQUIRRMEN T8 w-n
TABLE D1.1
Limiting Width-to-Thickness Ratios for
Compression Elements For Moderately Ductile TABLE D1.1 (CONTINUED)
and Highly Ductile Members Limitir!g Width-to-Thickness Ratios for .
Compression Elements For Moderately Ductile
Limiting Width-lo-Thickness Ratic and nghly Ductile Members
Width-to- na Ama
Descriptian Thickness Highly Moderately Limiting Width-to-Thickness Ratia
of Element Ratio. Ductile Members | Ductils Mambers Example Widthelo- Rna D
Description | Thickness Highly Modsralely
Flanges of rallad b Wy of Element Ratls | Duclile Members | Duclila Members Example
o bulll-up =t Tt
Fshaped sections, P For G, 50128 Far Gy 20,125
channels and i . E 2 e
it = == 2.4 10395, | 3.36E]F, - 2750,
It foub
m\m&»l {"‘ ==l For Gy 0,125 ForG, »0325
2| with saparators: ot 0.00,ETF, o,[ETF, ' v |eonERe-c | LR p-c)
5 | owstancing 1sgs . !mg\,ﬁ mgvrﬁ
E [ ot pairs of angles b b e e
il | In contnuous ==lT—. 1 L N
3 [contaes il |yl P B i Lo R i
1 e, a- 21(“9, c- 3-11:5[:
] =
= e veaER et arsicstie
Flanges of pta ity
sections per Bt 05 ETF, not applicable T
Section D4 i o SETF, g,
.
Stams of taga ot 030,E7F, " 238ETF, Tl
o ot 10 2 ETF,
Wialls of
rectangular HSS Bt s {
If o2 o ACTOEfF, atER
Flangss of boxad l,_,‘t! Wrer e o tor nigy
kehapad sectiar
mml_:pmm e H he stem of the Tee can ba ;‘fr silher of the
2| cotins 0ss/ETF" o8 ETR ib V)B:M ol 1ha comprsssion membar 9cairs abeut e plans ol fha siem, T
E hat redu: ai the tp of e stem.
3 | Sida plales of Harvges of bawad bex sections of
i | boxed e hap..a S— wl luree. in sump: mes shal llmkwwmdosﬁ
B | sectior it L L MThel o-hiskre af walle uf Fectangular HES menibae, flanges wﬂ.mllllrwd
[ L e 12EFE,
HE s o
&
‘Waba of rolled
of bulll-up ‘I’
Fshapod sectlons. B 149,fE]F, 149,JE]F; qﬂ r_In
Usad ns diagonal B
braces

Seivmic Provisions for Strictural Steel Ruildings, June 22, 2090
AMERICAY INSTITUTE OF §TEEL CONSTRUCTION
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My= My + Va5 {6.10-1})
where
My = probable maximum moment at plastic hinge, kip-in. (N-mm), given by
Equation 2.4.3-1
Sh = distance from face of column to plastic hinge, in. (mm)}

= the leaser of d/2 or Sbbffm' an unstiffened connection (4E)
= Ly + #p for a stiffened connection (4ES, 8ES)

Vi = shear force at end of beam, kips (N)
= % + Verniny (6.10-2)
bys = width of beam flange, in. (mm}
d = depth of connecting beam, in. {mm}
Ly = distance between plasiic hinge locafions, in. {mm)
Ly = length of end-plate the stiffener, as shown in Figure 6.5, in. {mm)
t = thickness of end-plate, in. (mm}

Veraviy = beam shear force resulting from 1.2D 4 fil + 0.25 (where fi is a load fac-
tor determined by the applicable building code for live loads, but not less
than 0.5), kips (N)

2 Mg
dp reqd = 6.10-4
e \/manur(h1+k2+h3+h4) £ 2

where

Fp: = nominal tensile strength of bolt from the AISC Specification, ksi (MPa)
h; = distance from the centerline of the beam compression flange to the center-
line of the ith tension bolt row.

h, = distance from centerline of compression flange to the tension-side outer
bolt row, in. {(mm)

[ m—= 27

/ I 25

SF
e
|

Figure 19: 4ES (FOUR EXTENDED STIFFENED)

11.2 DESCRIPTION OF DESIGN PROCEDURE & PARAMETERS

Compact sections shall be selected according to AISC 360-10.
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bf, tf, hw and tw are sizes of girder.
Ry is the ratio of expected to specified structural steel yield strength.

My, = Cpr- Ry Fy. Z probable maximum moment at plastic hinge (according to AISC358- 10).

Sp = distance from the face of column to plastic hinge = Ly + t, (according to AISC358- 10).

Lst = Length of the end-plate stiffener.

t, = end-plate thickness.

L, = distance between plastic hinges.

M¢ = Mp; + Vp,. L, moment at the face of te column (according to AISC358- 10).

v, = Mer | why
2

b T Shear force at the end of the beam (according to AISC358- 10).

Mg = since amplified moment is allowed to be used for Special frame connections. It is
extracted from the load combination using QMg (Qx = 3,Qy = 2).

F, = bolt ultimate strength (HV8.8).
F,+ = nominal tensile strength of bolt.
¢, = non-ductile resistance factor (= 0.9 according to AISC358-10).

h; = distance from the centerline of the beam compression flange to the centerline of ith
tension bolt row.

(dy,) = required bolt dimension (according to AISC358-10)

dy, = selected bolt diameter

phi Rn 4S = bolt shear rupture strength of the connection (according to AISC358-10)

Fy, 4S bolt stress according to flexural < phi Fnt.

phi Rn yield = local column web yielding strength at beam flanges (according to AISC358-10).

phi Rn buck. = unstiffened column web buckling strength at beam compression flange
(according to AISC358-10).

phi Rn cripp. = unstiffened column web crippling strength at beam compression flange
(according to AISC358-10).
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d. = overall depth of column.
twe = column web thickness including doubler plates with plug weld.

Astiff = calculated required continuity plates area.

t, = thickness of end-plate calculated according to plate theories formulas regarding plate boundary

conditions. (it submits exactly the same amount using AISC 358 formulas).

PLAS0x 260125

1/2xPLIO0x 100210
Zx4M24
HOLE @27

A

FIGURE 20: BEAM TO COLUMN CONNECTION

11.3 Connection Force Calculation :

d

L, =L —2Sh=4776m
Wu = 12D + L + 0.2s = 0.424 t/m

11.4 Beam Specification:

bs(cm) =20 ,t; = 1.2cm ,h,(cm) = 20,t,,(cm) = 0.6
Z =579.33cm3
M, = Z x Fy = 1918734.33kg.cm

E,+F,
LS G = 5= = 12712 Gy =12

My, = CpyRyM, = 1.2 x 1.2 x 1918734.33 = 2020065.361 kg.cm = 20.20 t.m
R, =12
y
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H —
|4 gravity —
_ 2M,,

W, Ly,
T =9.09 ton

Vor = 9.04 ton

h

W, Sh
My, = M,, +

2

11.5 End plate thickness calculation :

Mu=20.2 ton.m

®d = 10

F,, = 2400 kg/cm2

1
s = Eﬂlbpg =14 cm

b 1
Yp = hy (P_ﬂ +

1 1
;) +ho (P—fo)

=2.02 X 10° kg.cm = 20.2 ton.m

2
]+ 2 [P+ 8)] = 141.71

thron = |~ = 25cm  We Used Plate 450 x 270 x 25
preq PafypYp

11.6 End Plate Specification :

bp(cm) 27
tp(cm) 2.5
g(cm) 14
S 9.72
pfi 6
pfo 6

End-Plate Geometry
and Yleld Line Pattern

Bolt Force Model

11.7 Determine Multiplier force of the flange :

Fo =—%
Ju dp — tyy

= 95298.65 kg

11.8 Shear yield control of the end plate :

R, = 0.6F,,b,t, = 97200 kg = 97.20 ton
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Fry 95298.65

2 = Pakn 2
11.9 Shear rupture control of end plate

An = tp(bp — 2dcal) = 43.72cm?2
dcal = 2.6cm
R, = 0.6F,,A, =97051.9 kg = 97.051ton

F
% < ®,R, 47649 < 0.9 X 97.05 = 87.345 ok

= 47649.32 <1 x97200

11.10 Control of shear rupture resistance of screws:

V,, =9.094 ton
?, =09
ny = 4
F, = 8000 kg/cm2
kg
F, = 0.55Fu = 4400 o
dp = 2.4cm
mdy)"2
p = % = 4.52 cm2

R, (kg) = n,Fy,Ap = 79580.16
V, =9.094 < @R, = 0.9 * 79.58 = 71.622 ton

11.11 Continuty plate requirement :

Column flange design force:

Od =1
Yc =166.52cm
th = 1

E,c = 2400kg/cm?2
Mcs = FyYetZ; = 57.6 ton.m
Qndf

R, =——=2716t¢t
Pabn =00, on

11.12 local column web yielding control :

Pd=1
ct=1
K.=1

ok
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Fy,c = 2400 kg/cm2
tew = 0.6 cm
tpr =1.2cm
t, = 2.5cm
Fr, = 95.298 ton
R, = C;(6Kc + tbf + 2tp) = Fyc tcw = 48.528 ton
Ffu < (Dan
According to above calculation Ffu>@,4R,, so Continuty plate is needed.
11.13 PURLIN DESIGN
11.13.1. PROPERTY OF PURLIN(Z180X2.5)
Section Name Z18072.5
Properties
Cross-section (axial) area 78028 Section modulus about 3 axis B
Moment of Inertia about 3 axis ELRED Section modulus about 2 axis 7.024
Moment of Inertia about 2 axis it Plastic modulus about 3 axis e
Product of Inertia about 2-3 SR Plastic modulus about 2 axis Bl
Shear area in 2 direction AT Radius of Gyration about 3 axis P
Shear area in 3 direction s Radius of Gyration about 2 axis 2L
0.1249 0.

Torsional constant

FIGURE 21-Section Property Of Purlin

According to above table :
A =780cm2

J =012 cm4
Ix = 386.06 cm4
Iy = 45.304 cm4

rx = 7.033cm

ry=241lcm

ho =18 cm

SY = 42.305cm3

SX =7.024 cm3
FOR Z 180 :

D+ L =26+50=76kg/m?
P, = 76.cos 11 = 74.6 kg/m?
P, = 76.sin11 = 14.5 kg/m?

Shear Center Eccentricity (x3)
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w. L2 _76x1.0><52

middle of span : My = 8 8 = 237.5kg. m
dle of M _w.L2_14.5x1><52_100k
middle of span : My = === 360 = 1.00kg.m

My My 237.5x100 1.00 x 100
+2—== +2
Sy Sk 42.305 7.024

w.l? 76 x1.0x5?
9 9
w.l?  145x1.0x5?
90 90
My M, 211.11x100 _4.02x 100
+2—= +2
Sy Sy 42.305 7.024

= 561.39 + 28.47 = 589.86 < 1440 ok

moment on sagrod support : My = =211.11kg.m

moment on sagrod support : M, = = 4.02 kg. m

=498.99 + 114.46 = 613.45 < 1440 ok

11.13.2.UN DEFORMED SHAPE CONTROL.:

5><q><L4= 5% 0.76 X 1.0 X 500* — 022em < L=20cm
384 X E X1 384 x2.04x 10°%x 1350 ' 240 '
5><q><L4= 5x 0.5 x 1.0 x 500* — oldem < L=13cm
384 X EX1 384 x2.04 x 10°% x 1350 ' 360 '

dead + live loads : A=

for live loads : A=
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11.14 Base Plate

Design force :

M, ZF, 842.6x2400x 1073
Vtr = ? = 7 = 45 =449 ton
Vieng = RyAgF,cos8 = 1.25 x 4000 x 13.68 X cos 50 = 43966 kg = 43.966ton

Shear check in transverse direction :

According to INBC No.10 section 10-2-6-2-1
oV, = 0.6F,4,,C, 9,

b2 4667 <224 22 _65 then C,=1 @, =1
tw 0.6 2400

@V, = 0.6 X 2400 x (28 X 0.6) X 1 X 1 = 24.192 ton > 4.49 ton

Shear check in longitudinal direction :

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

K,=1.2
b
h 7 125
— =2 =——=125
tw tp 1

Ay = 2bsty = 2% 25 x 1 = 50 cm2

h K,E
— <11 =353 thenC,=1 @, =0.9
tw E,

@V, = 0.9 X 0.6 X 2400 X 50 x 1 = 64800 kg = 64.8 ton > 43.9 ton
According to above acalculation The column section is ok for shear check .

Bolt control in shear

Vinax = 43.96 ton
F, = 0.55F, = 3300 kg

®=0.75
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Viax 43960

A, = =
" T gE T 0.75 % 3300

Mpc = E,Z5_ = 2400 x 842.6 X 1075 = 20.22 ton

Y Mpc 20.22
=——=449 Vc2
Hs 45 ¢

=17.76 cm? USE 4M27(Area = 22.90 cm2)

Mp = 1.1RyFyZc = 1.1 x 1.2 X 2400 X 842.6 X 10~° = 26.69 ton.m

M_, = min(256.69,5.52) = 5.5 ton.m

fo =250kg/cm?2

A2 . |A2
- 1 ,0,=065 fomax =90.085f'c - 132kg/cm?2

Gmax = fomax X B = 6630 kg/cm?2

For ordinary & critical load combination

M, =333 ton.m

P, = 6.87 ton

M, 3.33 , ,
e= T e 0.48m = 48cm > g,,,, tension applied.
N .

Y=(f+%)i\/(f+g) —ﬂ—(19+25)i\/(19+25)2—

qmax

Yall = 2.66 cm

Z T = gmaxY — Pu = 6630 X 2.66 = 17.635 ton.m

6630

2% 7.5x%x10°
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Tension Strength control of anchor bolts :

dy, = 24mm

App =452 cm2
17.635

T, = > = 8.8ton

T, 8.8x1000

=—= =1946 k 2

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

® =0.75

Ryt = FpeAy, = 4500 X 4.52 x 1073 = 20.34 ton
@R, = 15.25ton = Tu = 8.8 ton ok

Shear control of Anchor Bolts:

v _ZV_4.49_112t
u==y=——=112ton

App =452 cm2

@ =0.75

E,, = 0.55Fu = 3300kg/cm?2
Ryp = EpAnp = 3300 X 452 x 1073 = 18.87 ton

OR,, = 11.18 > 1.12 ok

11.15 General requirements of embedment in concrete:

According to ACI318 appendix D:

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

N,,, = -2NC. N
cbg — (‘)eca)ed,N(‘)c,N(‘)cp,N b
A
NCO

ACNO = 9hef2
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Ayc = (S1 + 3hef)(S2 + 3hef)

K. =10

Ny = 10¥,/f-heF = 10 X 1 x V25 X 126,615 = 71.2 KN

Ca, max
Aes = max (—

15 '3’

1 SZ) _ [ 15380
3

60

Camax = max(Cal,Ca2,Ca3,Ca4d) = 60 mm

Anco = 9 X 126.6% = 144248.04 mm?2

= 126.6mm

Ane = (60 + 3 X 126.6) X (60 + 3 X 126.6) = 193424.04mm2

Ween =1
Camin = 60 mm

hef = 126.6 mm

Wegn = 0.7 + 0.3 X 15 %1266~ 0.79
wey =1
Wepn =1
Anc 193424.04

Ncbg = A—wecwed,NwC,Npr,NNb = m X1X0.79 % 1.25x 71.2 =94.27 KN

NCO

®=0.7

@®N¢pg = 6.72ton > 1.75 ok

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

is acceptable.

Concrete breakout of anchor in shear :

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

Ayc

Vebg = 2 Wecy Wed,y Wey WnyVp
vco

Ayeo = 4.5Cal?
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Ay
=0.66 <n =2
AVco

h, = min(t;, 1.5Ca, ;) = (1600,1.5 x 60) = 90mm
Ay = 120 x 90 = 10800 mm2
Ayeo = 4.5Cal? = 16200mm?2

Weay =1

Wey = 1.4

1.5Ca,
Wpy = ha =1

l 0.2
V, = min <0.6 (d—e) Jdg Ag[fc Cal'® ,3.72./fc Ca11'5> = min( 10.353 KN,8.5KN) = 8.5 KN
a

Ag=1
Ayc

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

10800
16200

-REQUIRED THICKNESS
Maximum Axial Load according to SAP2000 model is about 4.3 ton Under critical load

combination:
_2Pu_ 997 /ﬂ = 0.46cm used th=2 cm
0.9FyBN 0.9x2400x50x50
— N—0.95d:500—0.95>$<280:117
2 2
n= B—02.8bf=500—0.8*250:150
I’ Jdbf V240 * 250
n =pA———= ¥ — =
4 4

———X1X14%x1x%x8.5=7.93ton > 2ton ok

L=max(m,n,An)=117

12.0 FOUNDATION DESIGN

12.1 Soil pressure and settlement

Until finalize of geotechnical report for this area we consider

Based on Bowels experimental formula for subgrade modulus

=> ga= 2kg/cm2

=> Ks = 1.345qall

Loading used for foundation design, have been received from SAP analysis.
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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'. = 25Mpa

12.3

f, = 400Ma

FOUNDATION DESIGN CONTROL

12.3.1CHECK OF STRESS FOR FOUNDATION

M-
5

. Katiem?

1.00
0.85
0.65
0.54
0.38
0.23
0.08

-0.08
-0.23
-0.38
-0.54
-0.65
-0.85
-1.00

FIGURE 22 - Check of Stress for Foundation (kg/cmz2)

According to SAFE report, Max soil pressure under the foundation is:

dn = 0.544kg/cm? < 2 kg/cm?
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12.3.2. CHECK OF DISPLACEMENT FOR FOUNDATION

<270
-2.80
-2.90
=3.00

-3.10.
-3.20

-3.30

P N

-3.40
=3 772774 mm
-3.50
-3.60
-3.70

-3.80

-3.90
-4.01

FIGUREZ23- Check of Displacement for Foundation(mm)

According to SAFE report, Max soil displacement under the foundation is:

d,=375mm < 25 cm ok

12.3.3 REINFORCING CONTROL

Minimum rebar for foundation:

Ag min = 0.0018bh
1 1 ,
Asmin =50.0018 bh = 20.0018 X 100 X 50 = 4.5 cm?/m

A used = 916@200 = 10.05cm?
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12.3.4PUNCHING SHEAR CONTROL

reloping Flexural) [mm2/mml] - Additional to 16 @ 200 mm (Top), 16 @ 200 mm (Bot) Punching Shear Capacity Ratios,'Shear Reinforcerment

FIGURE 24: ADDITIONAL REINFOREMENT

FIGURE 25:

=i 0484 =5
| |
ey

i“[ [REL=1c)

PUNCH SHEAR CONTROL




	1.0 INTRODUCTION
	2.0 Scope
	3.0 NORMATIVE REFERENCE
	3.1 Local Codes and Standards
	3.2 International Codes and Standards
	3.3 The Project Documents
	 BK-GNRAL-PEDCO-000-ST-SP-0001  SPECIFICATION FOR CONCRETE WORK
	 BK-gcs-PEDCO-120-ST-DW-0058  Structural drawing for chemical injection & storage shelter

	4.0 Material properties
	5.0 STRUCTURE ‘s systems
	6.0 DESIGN LOAD
	6.1 Dead load
	6.2 Live Loads
	6.3  SNOW LOADS
	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:
	6.5 Seismic loads
	6.6 CRANE  load
	6.7 WIND loads

	7.0  SAP loading table
	8.0 Load combinations
	9.0 STRUCTURE ANALYSIS AND DESIGN
	9.1 ANALYSIS
	9.2 Flextural design of crane beam
	9.3 Deflection control :
	9.4 Drift control :

	10.0 Structural Design Results
	10.1 Graphical output

	11.0 STRUCTURE CONNECTIONS
	11.1 Special moment frame
	-Beam to column

	11.2 Description of Design Procedure & Parameters
	11.3 Connection  Force Calculation :
	11.4 Beam Specification:
	11.5 End plate thickness calculation :
	11.6 End Plate Specification :
	11.7 Determine  Multiplier force of the flange :
	11.8 Shear yield control of the end plate :
	11.9 Shear rupture control  of end plate
	11.10 Control of shear rupture resistance of screws:
	11.11 Continuty plate requirement :
	11.12 local column web yielding control :
	11.13 PURLIN DESIGN
	11.13.1. Property of Purlin(Z180x2.5)
	11.13.2.Un deformed shape CONTROL:

	11.14 Base Plate
	Design force  :
	,𝑉-𝑡𝑟.=,,𝑀-𝑝.-𝐻.=,𝑍,𝐹-𝑦.-𝐻.=,842.6×2400×,10-−5.-4.5.=4.49 𝑡𝑜𝑛
	,𝑉-𝑙𝑜𝑛𝑔.=,𝑅-𝑦.,𝐴-𝑔.,𝐹-𝑦.𝑐𝑜𝑠𝜃=1.25×4000×13.68×𝑐𝑜𝑠 50=43966 𝑘𝑔=43.966𝑡𝑜𝑛
	Shear check in transverse direction :
	According to INBC No.10 section 10-2-6-2-1
	∅,𝑉-𝑛.=0.6,𝐹-𝑦.,𝐴-𝑤.,𝐶-𝑣 . ,∅-𝑣.
	,ℎ-,𝑡-𝑤..=,28-0.6.=46.67<2.24,,2.06×,10-6.-2400.=65.    then  ,𝐶-𝑣.=1   ,∅-𝑣.=1
	,∅𝑉-𝑛.=0.6×2400×,28×0.6.×1×1=24.192 𝑡𝑜𝑛>4.49 𝑡𝑜𝑛
	Shear check in longitudinal direction :
	According to INBC No.10 section 10-2-6-7-2
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	,𝑇=𝑞𝑚𝑎𝑥𝑌−𝑃𝑢=6630×2.66=17.635 𝑡𝑜𝑛.𝑚.
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	,𝑑-𝑏.=24𝑚𝑚
	,𝐴-𝑛𝑏.=4.52 𝑐𝑚2
	,𝑇-𝑢.=,17.635-2.=8.8𝑡𝑜𝑛
	,𝑓-𝑢𝑇.=,,𝑇-𝑢.-,𝐴-𝑛𝑏..=,8.8×1000-4.52.=1946 𝑘𝑔/𝑐𝑚2
	,𝐹-𝑛𝑇.=0.75,𝐹-𝑢.=4500𝑘𝑔/𝑐𝑚2
	∅=0.75
	,𝑅-𝑛𝑡.=,𝐹-𝑛𝑡.,𝐴-𝑛𝑏.=4500×4.52×,10-−3.=20.34 𝑡𝑜𝑛
	∅,𝑅-𝑛𝑡.=15.25 𝑡𝑜𝑛 ≥𝑇𝑢=8.8 𝑡𝑜𝑛 𝑜𝑘
	Shear control of Anchor Bolts:
	𝑉𝑢=,,𝑉.-𝑁.=,4.49-4.=1.12 𝑡𝑜𝑛
	,𝐴-𝑛𝑏.=4.52 𝑐𝑚2
	∅=0.75
	,𝐹-𝑛𝑣.=0.55𝐹𝑢=3300𝑘𝑔/𝑐𝑚2
	,𝑅-𝑛𝑣.=,𝐹-𝑛𝑣.,𝐴-𝑛𝑏.=3300×4.52×,10-−3.=18.87 𝑡𝑜𝑛
	∅,𝑅-𝑛𝑣.=11.18>1.12  𝑜𝑘
	11.15 General requirements of embedment in concrete:
	According to ACI318 appendix D:
	Concrete breakout strength of anchor in tension : the nominal concrete breakout strength Ncbg shall not exceed
	,𝑁-𝑐𝑏𝑔.=,,𝐴-𝑁𝐶.-,𝐴-𝑁𝐶𝑂..,𝜔-𝑒𝑐.,𝜔-𝑒𝑑,𝑁.,𝜔-𝑐,𝑁.,𝜔-𝑐𝑝,𝑁.,𝑁-𝑏.
	,𝐴-𝐶𝑁𝑂.=9ℎ𝑒,𝑓-2.
	,𝐴-𝑁𝐶.=(𝑆1+3ℎ𝑒𝑓)(𝑆2+3ℎ𝑒𝑓)
	,𝐾-𝑐.=10
	,𝑁-𝑏.=10,𝛾-𝑎.,,𝑓-𝑐..,ℎ-𝑒𝑓-1.5.=10×1×,25.×,126.6-1.5.=71.2 𝐾𝑁
	,𝜆-𝑒𝑓.=,max-,,𝐶𝑎,𝑚𝑎𝑥-1.5.,,𝑆1-3.,,𝑆2-3...=,,,60-1.5,380.-3..=126.6𝑚𝑚
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