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D. SBC Saudi scenario

The Saudi Arabian regulation provides 4 analysis methods for the calculation seismic loads:
= Index Force Analysis Procedure (Section 10.7)

Simplified Analysis Procedure (Section 10.8)
Equivalent Lateral Force Procedure (Section 10.9)
Modal Analysis Procedure (Section 10.10)

The process of creating the above 4 scenarios is the same as described previously for EC. From the
new scenario creation box

Renumbering

MNodes [No

[ Disable

Seismic E.A K (Static) () . _ =
EC-8_Greek Static (1) Andlysis | SBC Saudi |
EC-8_Greek Dynamic (2) T Index £ -

SBC Index Force (3) Se ‘ Eaiars '
SBEC Dynamic (4} Properties [[ils= 45 -}

EC-8_Greek Nonlinear (5) Simpified Analysis ‘

Name

Elemer Static
Dynamic

Load Cases

You select SBC 301 as the analysis and then one of the 4 analysis methods.

The The dialog box for entering and editing the parameters to perform analysis is the same for
all 4 methods:



SBC Parameters @
Site Class Seismic Region Levels XZ
s 05 gy 0.1  Fa 0.8  Fy 0.8 Down [g-0,00 v| U [6-180000 |
Dynamic Analysis
Kind of
Building categary E] E structure Eigenvalues 10 Tollerance  0.001
Structural system Partcipation Factors
[Bearing Wall Systems ,] PFx [ |0 PFy [ |0 PFz [ |0
[Special reinforced concrete shear walls '] Eccentridties s5d (1)
sdmg [t
Spectrum Type of structure emx [O] 005 | 5y .
Do woez T2 o
emz [O]|0.05 | 4z sdam [ [1
’Response Spectrum] l Spectrum update ] E]
Fundamental period
Calculation method [Um’auourable '] [ﬂ
X [Frame systems of concrete v] [ Irreqularities ]
Z | Frame systems of concrete -
[ L ] [Shear WEIIS] [ OK ] ’ Cancel ]
Site Class

The first parameter concerns the Site Class according to par.

9.4.2, on the basis of which, inter alia, the Fa and Fv coefficients are determined (Table 9.4.3a &
9.4.3b).

The next group of parameters concerns the selection of the mapped maximum considered
earthquake spectral response S1 and Ss according to par. 9.4.1.

Seismic Region

s 03 | g 0.1

Fa 0.80 Fy 0.80

The selection of these two parameters in combination with the soil class automatically determines
the values of the Fa and Fv coefficients, which can be modified by the designer.
The next parameter module

Kind of
structure Concrete h ]

Building category E]

concerns the selection of the Building Category according to Table 1.6-1 as well as the selection

?
the type of construction. The choice of key shows the categories of
structures according to the corresponding table in SBC 301.



The next section

Structural system

)

IBearing Wall Systems -
ISpeciaI reinforced concrete shear walls - I E

relates to the designer's selection of the Structural System of construction in accordance with
Table 10.2 of SBC 301. This selection determines the value of the Response modification
coefficient R which is used in various calculations, the value of the Deflection amplification factor
Cd, which is used according to Sections 10.9.7.1 and 10.9.7.2 and finally the value of the
overstrength factor Qo. Finally, depending on the seismic category of the building, restrictions on
the choice of the Structural System and a restriction on the maximum height of the building are
specified.

The next section of the parameters concerns Design Response Spectrum according to par. 9.4.5
of SBC 301

Spectrum
TO  0.07 Ts 0.37 71 |1
Response Sper_trum‘ I Spectrum update

The application automatically calculates the values TO and Ts based on the previously defined
values S1 and Ss. Of course there is also the possibility of modification by the designer.

ATTENTION!
1 If any change is made to these values either automatically or by the designer in order to
update the spectrum you must press the

Spectrum update ‘

IF‘.esponse Spectrum

Pressing the button the dialog box with the design response range per

direction appears



Response Spectrul

AfA T(s... RdTx RdTy RdTz ol
1 0.000 0.243 0.122 0.243 |—|
2 0,050 0,357 0.122 0.357
3 0,100 0471 0122  0.471 il e
4 0.150 0.585 0.122 0.585
5 0,200 0.608 0.122 0.608
i 5] 0,250 0,608 0.122 0.608
7 0,300 0.608 0.122 0.608
N 8 0.350 0.608 0.122 0.608
9 0.400 0.608 0.122 0.608 ——— — —— ———
10 0,450 0,608 0.122 0.608 5
Tx-rFIIE Cant:e' 1 1 1 1 1 1 1 1 1 1 1 1

Damaged Structures che

1 Construction period before 1985 EAK T

0 0 Spectrum Calculation

The next option concerns the automatic or manual definition of the construction type based on
par. 10.3.

Type of structure

[.ﬁ.utomaﬁc - ]

There are 3 options
= Automatic
= Flexible
= Rigid

The first option automatically determines the type of construction (Flexible or Rigid) based on
par.10.3.1.3 and figure 10.3-1. With the next two options the designer determines the type.

The next parameters relate to the calculation of the fundamental period of the structure
(Fundamental Period).

Fundamental period
Calculation method [Uﬂfﬁ\fﬂurﬁmi‘. - ]

X [Frame systems of steel v]

z [Frame gystems of steel v]




Par. 10.9.3 of SBC 301 provides 3 methods of calculating this size. Specific conditions must be met
in order to apply each method. The program options are as follows:

= Unfavourable

= Average

= Method 1
= Method 2
= Method 3

The first option takes as the final value of the fundamental eigenperiod of the structure the worst
value obtained after the calculation based on each method separately. The second option selects
the average of the three values and subsequent options select the specific value from that
method. In each case two values are calculated, one for each direction of the earthquake. The
next option is for the building type based on Table 10.9.3.2 and concerns the calculation with the
first method (Eg. 10.9.3.2-1).

The next section concerns the determination of the lower and upper levels where the seismic load
will be applied.

Levels XZ

Cown | - 0,00 vl Up 3-110000 -

The following parameters are related to the dynamic analysis. More specifically in the following fields:

Diynamic Analysis

Eigenvalues 10 Tollerance  0.001

you specify the number of eigenmodes you want to take into account when performing the
eigenmodal analysis as well as the accuracy factor of the calculations.

Then you can determine seismic force participation factors per seismic direction

Partcipation Factors

PFx 0 PFy 0 PFz o

Check the corresponding checkbox and enter the seismic load factor. The default option is 1, and
if for example you set PFx=2 the values of the spectrum in the X direction will be doubled.
Similarly, in order to modify the coefficients for the calculation of the eccentricities



Eccentricities
enx [O] 005 | 5y
emz [0] [0.05 | 8z
activate the corresponding checkbox and select the desired value.

Finally, in the section on the participation coefficients of the design spectra per direction

5d (T)
sd(r) [ 1
sd(rv) [0 |1
sd(rz) [ |1

activate the coefficient for the corresponding spectrum and enter the value. For example, if you
set Sd(TX)=2, the values of the design spectrum in the X direction will be doubled.

The next section concerns the determination of the non-conformity of the structure in plan and
in height. This definition, among other things, determines the choice of analysis method based on
Table 10.6.1. SBC 301 in Table 10.3.2.1 provides 6 criteria for plan view regularity.

In the following dialogue box

b Cancel

A In-Plane Discontinuity in Vertical Lateral
— Force-Resisting Elements

Plan Irregularities

A
—l b Projpcton beyond
- E p | rentrant comars s
\"--7 Story drift 4| — el B Out-of-plane
/ A> 12 (A+4) offset
e | 2
—ejte— b— ot
[] Torsional Irregularity ["]Re-entrant Corners [] out-of-Plane Offsets
A
—d
o 8 Nonparallel
L ‘\:..7 Story drift A XQY'.'\, phirmies
| a>14a44)
/ ',2L, Area
T~ XY>50% AB
] -—
["] Extreme Torsional Irregularity [ Diaphragm Discontinuity [~ Nonparallel Systems

the planner determines in the Plan Irregularities section whether the corresponding criteria are
met by checking the reverse option.



As far as regularities in height are concerned, there are also 6 criteria. Scada Pro automatically
checks five of them and the designer only has to choose whether or not one of them is met by
ticking the corresponding option.

Shear Walls

The option of fixing the walls
necessary to determine the eigenperiod by the third method (Eq. 10.9.3.2-3).
In the dialog box that appears

Walls Definttion E

[ min Columns Length {(om) == ] 200

Column

Element
634
635
636
637
638
639
640
630
631
632

m

R 1
R 15

hw

00—

00
0.0
0.0
00
00
00
00
00
0.0

t

-

[ addat | [ clearal

] [ oK ] [ Cancel

concerns

the

calculation

of quantities

Enter the min Length (cm) and select the "min Column Length" command to automatically define
the walls per direction. The program automatically calculates the sizes required to calculate the
eigenperiod.

! The definition of the walls is a mandatory step for the calculation of the eigenperiod with the
third method.

After setting the parameters, from the dialog box of the analysis scenario run

Seismic Actions Calculation

s ot
Automatic Procedure

Procedure

& [t
Pl

Regular

InPlan
In Elevation

All allowed
v

Initilize data

Level X ¥
0-0.00 0.00 0.00
1-42500 98261 42500
2-780.00 134852 730.00
3-110000 137892 1100.00

0.00

501.92
478.83
660,22




Automatic Procedure . .
press the key and the program automatically runs analysis procedure

while performing all the required checks. Particular attention should be paid to the regularity
checks

Reqular
| InPlan

| In Elevation

All allowed

where before performing the final analysis the program gives the result of regularity in plan and
elevation and based on the selection of the seismic category in the initial parameters.

The analysis or analyses allowed are then proposed on the basis of the result

(Table 10.6.1).

! In the normality results, the researcher has the option of selecting or deselecting, if desired,
one or both categories of normality. The program accordingly changes the prompt of the
type of analysis allowed.

In the previous case the automatic check showed that the building is normal in plan and height
and allows the use of any of the four methods.

Regular
| In Plan

| In Elevation

All allowed

However, if checkboxes are unchecked, which means that the building is not considered normal
in plan and elevation, then the program suggests the dynamic analysis method.

Regular
In Plan

In Elevation

Dynamic



o=
The Saudi Arabian regulation (SBC 301) has been integrated into SCADA Pro

for wind loads. The following is a detailed description of parameters of this regulation
when selected as a calculation regulation from the initial dialog box:

-,

Technical Standard @

Technical [Saudi Building Code (301) T]

[ aK ][ Cancel ]

1.1 Wind :

By selecting the Wind parameters, the following dialog box appears:



Wind Parameters (SBC) =

Wind Design Procedure [Meﬁmd 2 — Analytical Procedure v]
Classification of Bulding [I "] [ ? ]
Basic Wind Speed (km/h) V= °
Exposure Category [B v] [ ? ]
Structure Type (Kd) [Main Wind Force Resisting System -
Topaographic Factor, Kzt
[E—dimensiunal ridges v] [Upwind v]
Lhim) g
H(m) 0
wi(m) 0

Bulding Type [Rjgid v] [ ? ]

Flexible

Frequency (Hz) nl = ]

kzt i

SBC 301 provides three methods for calculating wind loads (par. 6.1.2)

1. Simplified Method (Section 7.1)
2. Analytical Method (Section 7.2)
3. Aerodynamic Method (Section 7.3)

In SCADA Pro the first two methods have been integrated (The third method is based on
experimental measurement results).

. . . Wind Design P d
So in the first section of the parameters =l s - you select one of the two methods to
be used for the calculation of the wind loads.

The first method applies only to buildings that meet specific criteria (par. 7.1.1).

|Classiﬁmtiun of Bulding |
The next parameter concerns the selection of building category based on

?
Table 1.6-1. By pressing the button next to the parameter
the corresponding table is displayed.




Then you set the basic wind speed

values (FIGURE 6.4-1) displayed by pressing the

Basic Wind Speed {krru"h}| based on map

Areas :
(soud rabie 7] s trom sea = o ]
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The parameterE’*’F'OSUFE Category| concerns the selection of the exposure category of the building
based on 6.4.2.2 & 6.4.2.3.

The selection of the type of| S LE L) |structure (TABLE 6.4-1) involves the selection of
the Kd (Directionality Factor).

The next parameter module

Topoaraphic Factor, Kzt

[Z-dimensional ridges v] [Downwind V]
Lh(m)  so00
Hm) 100
x(m) 50
kzt 0

refers to the influence of the topographic configuration of the area in which the structure is
located (FIGURE 6.4-2). The parameters are selected on the basis of which the Topographic
Factor (Kzt) is calculated.



‘ | 2-dimensional ridges - |

The first option concerns the topology of the soil
There are 5 options:

¢ Two-dimensional ridges

¢ Two-dimensional fronts

¢ Three-dimensional axisymmetric hill

¢ Flat, unobstructed areas and water surfaces
e Choice of user

The third option sets a value for the coefficient Kzt=1.
The fourth option involves the input of a Kzt value by the designer.

The next option concerns whether the place where the structure is located is downwind

Upwind -
(Windward, Upwind) or Leeward (Downwind) ‘ lLI

The next three options

Lhim) 500
H(m) 100
x{m) 200

They concern data on the topography of the area
Lh: proximal distance (in metres) of the summit where the difference in ground elevation is
equal to half the height of the hill or front
H: Height of the hill or front (in metres) in relation to the leeward side of the ground.
x: Leeward or downwind distance of the top (in metres) as in figure 6.4-2.

In the next parameter the type of building is selected based on the stiffness of the bulkheads.
There are three options:

* Rigid
e Flexible
e Parapets

In case the construction type is set to Flexible, the following two parameters must be set:

Flexible

Frequency (Hz) nl = a

Damping ratio B = 0




S If you have selected SBC 301 as the regulation, the printout is as follows:

| Page - 1
WIND LOADS CALCULATION
ACCORDING TC SBC 301 CHAPTER 7
Design Method @ |Meth|:|d2—ﬁ.nal','ti|:al Procedure
Basic Wind Parameters
DESCRIFTION SYMBOL |UNITS VALUE REFEREMCE
Classification of Building | Table 1.6-1
Importance Factor | 0.77 Table 6.5-1
Country Figure 6.4-1
City Figure 6.4-1
Basic Wind Speed W {(kn'h) 165.00 Figure §.4-1
Exposure Category B 6.42.3
Structure Type Main Wind Force Resisting System Table §.4-1
'Wind Directionality Factor kd 0.85 Table 6.4-1
Topographic Factor (Kzt) Calculation (Figure 6.4-2)
DESCRIPTION SYMBOL | UNITS VALUE
Topography Z-dmansional ridg s
Hill Height H [m) -500.00
Half Hill Length Lh () 100.00
Distance from top of crest X ] -100.00
Building up/down wind Upwind
Topographic Factor bzt 1.49
Building Type = | Rigid | Frequency (Hz) n1 =| | Damping Ratio =|

Gust Effect Factor (G) Calculation (7.2.7)
Rigid Structure (7.2.7.1)

WALL WALL WALL WALL
DESCRIFTION SYMBOL |UNITS LEFT fw0) FRONT RIGHT BACK REFERENCE
[wB0}) (w180} [waTo)

Mean height h () 4.00 4.00 4.00 4.00
Width B () 5.00 6.00 5.00 6.00
Equivalent height iz (i} 10.00 10.00 10.00 10.00 7.2.7.1
Constant 13 0.33 0.33 0.33 0.33 Table 7.2-1
Constant I () 100.00 100.00 100.00 100.00 Table 7.2-1
Minimurm height Zmin () 10.00 10.00 10.00 10.00 Table 7.2-1
Constant c 0.30 0.30 0.30 0.30 Table 7.2-1
Constants 9q. gv 3.4003.40 | 3407340 | 3400340 | 3.4073.4D
Integral length scale Lz () 100.00 100.00 100.00 100.00 Table 6.4-1
Intensity of turbulence Iz 0.30 0.30 0.230 0.30 Eq. 7.2-2
Background response Q 0.53 0.53 0.93 053 Eq. 7.2-3
Gust Effect Factor G 1.00 1.00 1.00 1.00 Eq. 7.21




WIND LOADS CALCULATION *
ACCORDING SBC 301 CHAPTER 7

VIiALLS DATA
Indi%u falls EquixaeYXalls
g see, c¢’nmm H%efm md o,en “o c’-em H%efm md o,en "o

i1 600 | 300 118001 000 | 000 | 600 | 200 118001 000 | 00D | Me

600 #00 2%X 000 600 #00 2%X No
Front
10 600 | 300 1182001 000 | 000 | 800 | 200 118001 000 | 00D | Ne
600 #00 2%X 000 600 #00 2%X No
lgall
Back "
Totals | | 84.00 54.00
BU TLDTNG T5 9 UALTF TED AT OPEN No
REFS DATA
Num LO L4 L2 L3 Type Re petit  h4 M
ber Roof Type {rn} {r} {r} {rn}  Roof Edge ions {rn} nmp o L{m}
D 600 |50 [6.00 |6.00 |Sharp Edges |1 1200|300 |400 |30
Mi-"'n a0 a4 at aa Ag
ber | (m) | (m}) | (m} | m} | fm) [ (m} [ fm) | (m} | (m2) : L3
1 26,00 Flo |
LO
H
Enclosure Classification { Section 6.2
Bekxwela
2 Wa ll Front Mon Mo
n
a rvaiiRigM Q4 Q'so Q'so Qua '‘ozio Ye ‘a.lo Qua un un
4  llgallEeck Mon Mo
n
BUILOIM2 18 QUALIFIE D AB PARTI1ALLY E CLO8 BUILOIM2 18 QUALIFIE D AB E CLO8

LO1/g-RJ 8E BUILOIM2
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