
STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

STRUCTURAL MODELING NOTES 

PART 1 - USING ETABS 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 
 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 2 

TABLE OF CONTENTS 

 
 

1. INTRODUCTION ........................................................................................................................... 5 

2. DEFINE MATERIAL PROPERTIES .............................................................................................. 5 

3. DEFINE SECTION PROPERTIES ................................................................................................ 7 

4. DEFINE DIAPHRAGMS ................................................................................................................ 9 

5. DEFINE RESPONSE SPECTRUM FUNCTION ......................................................................... 10 

6. DEFINE MASS SOURCE ............................................................................................................ 13 

7. DEFINE P-DELTA OPTIONS ...................................................................................................... 14 

8. DEFINE MODAL CASES ............................................................................................................ 15 

9. DEFINE LOAD PATTERNS ........................................................................................................ 16 

10. DEFINE LOAD CASES ........................................................................................................... 22 

11. DEFINE LOAD COMBINATIONS ............................................................................................ 23 

12. DEFINE AUTO CONSTRUCTION SEQUENCE CASE .......................................................... 23 

13. ASSIGN MENU........................................................................................................................ 24 

14. ANALYZE MENU ..................................................................................................................... 26 

15. DESIGN PREFERENCES ....................................................................................................... 28 

16. POST ANALYSIS CHECKS .................................................................................................... 31 

17. IMPORTANT NOTES ON LATERAL DRIFT RESULTS ......................................................... 33 

18. COMPUTING P-DELTA EFFECT ........................................................................................... 34 

19. COMPUTING TORSIONAL AMPLIFICATION ........................................................................ 42 

20. COMPUTING THE LATERAL DRIFT ...................................................................................... 45 

PART 2 - USING SAFE ....................................................................................................................... 50 

1. INTRODUCTION ......................................................................................................................... 51 

2. DEFINE SOIL SUBGRADE PROPERTIES ................................................................................. 51 

3. DEFINE POINT SPRING PROPERTIES .................................................................................... 51 

4. DEFINE LOAD CASES ............................................................................................................... 52 

5. DEFINE LOAD COMBINATIONS ................................................................................................ 57 

6. RUN > CRACKING ANALYSIS OPTIONS .................................................................................. 58 

7. PUNCHING SHEAR DESIGN ..................................................................................................... 59 

8. DISPLAY CRACK WIDTH ........................................................................................................... 60 

9. IMPORTANT DIFFERENCES BETWEEN ETABS AND SAFE .................................................. 62 

PART 3 - USING SAP2000 ................................................................................................................. 63 

1. INTRODUCTION ......................................................................................................................... 64 

2. DEFINE JOINT PATTERNS ........................................................................................................ 64 

3. ASSIGN JOINT PATTERNS ....................................................................................................... 64 

4. ASSIGN AREA LOADS > SURFACE PRESSURE ..................................................................... 66 

5. DISPLAY LOAD ASSIGNS > AREA ............................................................................................ 67 

REFERENCES .................................................................................................................................... 68 

 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 3 

LIST OF FIGURES 

 
 

Figure 1 – Define concrete material property data ................................................................................ 5 

Figure 2 – Definition steel rebar material property ................................................................................ 6 

Figure 3 – ASCE 7-10 response spectrum.......................................................................................... 10 

Figure 4 – UBC97 response spectrum ................................................................................................ 11 

Figure 5 – EUROCODE8-2004 horizontal response spectrum ........................................................... 12 

Figure 6 – EUROCODE8-2004 vertical response spectrum ............................................................... 13 

Figure 7 – Mass source data ............................................................................................................... 13 

Figure 8 – P-Delta options in ACI, BS and ECP ................................................................................. 14 

Figure 9 – Modal case data ................................................................................................................. 15 

Figure 10 – Load patterns ................................................................................................................... 16 

Figure 11 – Wind load pattern in ASCE 7-10 ...................................................................................... 17 

Figure 12 – Wind load pattern in BS 6399-95 ..................................................................................... 18 

Figure 13 – Seismic load pattern in ASCE 7-10 .................................................................................. 19 

Figure 14 – Seismic load pattern in UBC97 ........................................................................................ 20 

Figure 15 – Seismic load pattern in EUROCODE8-2004 .................................................................... 21 

Figure 16 – Response spectrum load case ......................................................................................... 22 

Figure 17 – Default design combinations ............................................................................................ 23 

Figure 18 – Auto construction sequence load case ............................................................................ 24 

Figure 19 – Wind pressure coefficient ................................................................................................. 26 

Figure 20 – Check model check list .................................................................................................... 27 

Figure 21 – Concrete frame design preferences ................................................................................. 28 

Figure 22 – Shear wall design preferences ......................................................................................... 29 

Figure 23 – Concrete slab design preferences ................................................................................... 30 

Figure 24 – Check box to display modal response ............................................................................. 31 

Figure 25 – Structure period and mass participation ratios ................................................................. 31 

Figure 26 – Check box to display base reactions ............................................................................... 32 

Figure 27 – Base vertical and seismic reactions ................................................................................. 32 

Figure 28 – Entering scale factor ........................................................................................................ 33 

Figure 29 – Pile spring property data .................................................................................................. 51 

Figure 30 – STD Load case................................................................................................................. 52 

Figure 31 – Case2 Load case ............................................................................................................. 53 

Figure 32 – LTD Load case ................................................................................................................. 54 

Figure 33 – STDD load case ............................................................................................................... 55 

Figure 34 – Non-linear case for up-lift ................................................................................................. 56 

Figure 35 – Long Term Deflection Load combinations ....................................................................... 57 

Figure 36 – Options for cracking analysis ........................................................................................... 58 

Figure 37 – Punching shear ratio display ............................................................................................ 59 

Figure 38 – Punching shear design overwrites ................................................................................... 59 

Figure 39 – Punching shear design RFT ............................................................................................. 60 

Figure 40 – Crack width dialogue box ................................................................................................. 61 

Figure 41 – Assign joint pattern data ................................................................................................... 65 

Figure 42 – Assign area surface pressure load................................................................................... 66 

Figure 43 – Area surface pressure display .......................................................................................... 67 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 4 

LIST OF TABLES 

 
 

Table 1 – Concrete modulus of elasticity .............................................................................................. 6 

Table 2 – Maximum yield strength to be used for rebar ........................................................................ 7 

Table 3 – Property modifiers for beams ................................................................................................ 7 

Table 4 – Property modifiers for slabs ................................................................................................... 8 

Table 5 – Property modifiers for shear walls and cores(Ref. 1) ................................................................ 9 

Table 6 – Use of null frames and null shells with diaphragms .............................................................. 9 

Table 7 – Calculating modulus of rupture ............................................................................................ 58 

Table 8 – Differences between ETABS and SAFE(Ref. 8) ..................................................................... 62 

 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 5 

1. INTRODUCTION 

The main objective of this manual is to set a guideline to be followed by structural design team during 

phases of structural modeling using CSI software (ETABS), and structural analysis. 

This manual contains parameters, procedures and recommendations concern mostly about 

reinforced concrete structures and that comply with the CSI manuals and technical papers as well as 

the common design codes as listed hereafter; 

American:  ACI 318-14  ASCE 7-10 

Eurocode:  EC2; EN 1992-1-1:2004  EC8; EN 1998-1:2004 

British:  BS 8110-1:1997 & 2:1985  BS 6399-1&2&3 

Egyptian:  ECP 203-2007  ECP 201-2012 

The recommendations and procedures in this manual are following the most common standard 

practice in the region. However, in some cases or in certain projects, some parameters and/or 

procedures may be revised. 

 

2. DEFINE MATERIAL PROPERTIES 

2.1. CONCRETE 

The defined concrete should be named as the concrete grade (for example “fcu50” or “fc40”) as 

shown in Figure 1.  

 

 

Figure 1 – Define concrete material property data 
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The following parameters are used for all design codes unless otherwise mentioned in project 

specifications: 

Specific weight density = 25 kN/m3 = 2.50 ton/m3 

Poisson’s ratio  = 0.20 

The following parameters are according to the design code: 

Table 1 – Concrete modulus of elasticity 

Parameter ACI 318 EC2 BS 8110 ECP 203 

Modulus of 

Elasticity (E) in 

MPa 

4700
`
cf (a) 22000[(fck+8)/10]0.3 (b) 1000*(20+0.2*fcu)(c) 4400 cuf (d) 

Specified concrete 

compressive 

strength(e) 
fc` fck = fc` fcu fcu 

Where fc` = 0.80 fcu for fcu < 60 MPa 

(a)  ACI 318-14; clause 19.2.2.1 

(b)  EC2; EN 1992-1-1:2004; clause 3.1.3 

(c) BS 8110-2:1985; clause 7.2 

(d) ECP 203-2007; clause 2.3.3.1 

(e) When the design code in concrete frame design preferences is changed to ACI 318 or BS 

8110, the specified concrete compressive strength option is automatically changed to fc` or fcu, 

respectively, but without changing the entered value. 

 

2.2. STEEL REINFORCEMENT 

The steel reinforcement rebar should be defined according to Figure 2, while the maximum yield 

value used for bending and shear reinforcement should be limited as listed in Table 2. 

 

Figure 2 – Definition steel rebar material property 
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Table 2 – Maximum yield strength to be used for rebar 

Design action ACI 318 EC2 & BS 8110 ECP 203 

Bending 
460 MPa or 

420 MPa(a) 
460 MPa 400 MPa 

Shear and punching 420 MPa(b) 460 MPa(c) 
400 MPa(d) (shear) 

350 MPa (Punching)  

(a) ACI 318-14; clause 20.2.2.4, for special seismic system  

(b) ACI 318-14; clause 20.2.2.4, for shear and torsion 

(c) BS 8110-2:1985; clause, 3.4.5.1 

(d) 240 MPa for 8mm diameter stirrups and 400 MPa for 10mm or more diameter stirrups 

 

3. DEFINE SECTION PROPERTIES 

3.1. FRAME SECTION FOR BEAMS 

Beams are usually modeled as concrete rectangular section. The section should be named after the 

concrete cross section (for example “B300x700”). The property modifiers are according to Table 3. 

Parameters in Reinforcement section: 

Design Type: “M3 Design Only (Beam)” 

Cover to rebar: “50” mm is used for top and bottom bars 

Table 3 – Property modifiers for beams 

Property ACI 318 EC2 BS 8110 ECP 203 

Torsional constant 0.20 0.20 0.20 0.20(a) 

Moment about 2 axis 0.35 0.50 0.35 0.50 

Moment about 3 axis 0.35(b) 0.50 0.35 0.50(c) 

(a) ECP 203-2007; clause 4.2.3.7, for cracked beam section carrying equilibrium torsion. While could 

be set to 0.01 where compatibility torsion is needed to be redistributed. 

(b) ACI 318-14; clause R6.6.3.1.1, for T-sec simple beam, use modifier = 0.70 and for continuous 

beams with T-sec parts, use modifier = 0.50 

(c) ECP 201-2012; clause 8.7.1, T-sec simple beam, use modifier = 1.0 and for continuous beams with 

T-sec parts, use modifier = 0.75 
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3.2. FRAME SECTION FOR COLUMNS 

Columns are usually modeled as concrete rectangular or circular section. The section should be 

named after the concrete cross section (for example “C3-300x700”). The property modifiers are used 

as 0.70 for moment of inertia about 2 and 3 axes as well. 

Parameters in Reinforcement section: 

Design Type: “P-M2-M3 Design (Column)” 

Check / Design: “Reinforcement to be designed” in the first run to determine the required 

reinforcement ratio then “Reinforcement to be checked” in later runs after entering the column chosen 

reinforcement distribution. 

 Clear Cover to rebar: “30” mm for ECP and BS, while “40” mm for ACI 

 

3.3. SLAB SECTION FOR SLABS 

Solid, flat, drop panels and post tension slabs (P.T) are usually modeled as “shell-Thin” section. The 

section should be named after the slab type and thickness (for example “SS-150”, “FS-250”, “PT-240” 

or “Drop-350”). The property modifier changes by the type of slab as listed in Table 4. Solid slabs that 

are surrounded by beams from all aides, and with property modifier according to Table 4, should 

never be designed using the software and must be calculated manually according to the design code. 

If the span to depth ratio for slab is below 10, then the slab should be modeled as “shell-Thick” 

element. 

Table 4 – Property modifiers for slabs 

Property 

3d Lateral load 

analysis 

(All codes except EC2) 

One dimension 

Gravity load analysis 

(All codes except EC2) 

EC2 (All 

analysis case) 

Flat slab M11,M22,M12 0.25(a) 0.50(b) 0.50 

P.T slab M11,M22,M12 0.50(b) 0.70(c) 0.70 

(a) ACI 318-14; clause 6.6.3.1.1 

(b) ACI 318-14; clause 6.6.3.1.2 

(c) Referred to similar concrete section subjected to similar straining action (columns which are 

subjected to axial force and bending moments). It is also convenient to use modifier 0.70 for P.T 

slabs in both lateral and vertical load analysis. 

If thermal analysis is required to be applied for slabs, and under uniform temperature variation, 

another property modifier should be applied to the axial properties “F11, F22, and F12” in all slab 

sections equals to 0.45 if ECP 203 is used or to be calculated as per ACI 224.2R-92, Section 4.1. It 

should be noted that the model with the axial properties modifier should be used to extract the 

straining actions of thermal analysis only. 
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3.4. WALL SECTION FOR SHEAR WALLS AND CORES 

Shear walls and cores are usually modeled as “shell-Thin” wall section. The section should be named 

after the wall thickness (for example “SW-350” or “SW-400”). The property modifier changes by the 

expected degree of cracking for the shear wall in the ultimate stage. The property modifier for shear 

walls and cores with all design codes is listed in Table 5. In most cases, it is reasonable to assume 

that walls are un-cracked and then the section is checked after analysis whether it has cracked or not 

and hence to modify the property modifier to cracked section if needed.  

Table 5 – Property modifiers for shear walls and cores(Ref. 1) 

Property 
Un-cracked 

(All codes except EC2) 

Cracked 

(All codes except EC2) 
EC2 

Membrane F11,F22,F12 0.70 0.35 0.50 

Bending M11,M22,M12 0.70  0.35 0.50 

 

4. DEFINE DIAPHRAGMS 

Diaphragms are defined for each floor separately as “Semi Rigid” diaphragms and each diaphragm is 

named after its floor level (for example “Ground” or “3rd”). 

Semi Rigid diaphragm gives fake or false dynamic modes when accompanied with null shells or null 

frames not connected to rigid joints like columns or walls. Hence, such null shells must be excluded 

from selection when shells are being assignment to Semi Rigid diaphragm and null frames, not 

connected to columns or walls, should not be used in the model. 

Null frames and null shells can be generally used with Rigid diaphragm without negative effect on 

dynamic modes. 

Table 6 – Use of null frames and null shells with diaphragms 

Property Null frame Null shell 

Semi Rigid diaphragm Not used Excluded from diaphragm 

Rigid diaphragm Used Used 
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5. DEFINE RESPONSE SPECTRUM FUNCTION 

For tall buildings or buildings do not meet the structural regularity conditions as per the used design 

code, response spectrum analysis (RSA) is a must. Response spectrum analysis may also be used 

for all buildings. 

5.1. ASCE 7-10 RESPONSE SPECTRUM 

This function should be used in projects with ACI 318 design code. Function parameters are input as 

follows: 

Function Name: “ASCE 7-10” 

Ss and S1 from USGS: “User Specified” 

0.2 Sec Spectral Accel. Ss: “as provided by soil report or national code or Excel sheet(a)” 

1 Sec Spectral Accel. S1: “as provided by soil report or national code or Excel sheet(a)” 

Long-Period Transition Period: “as provided by soil report or national code or Excel sheet(a)” 

Site Class: “as provided by soil report” 

Damping Ratio: “0.05” for buildings up to 100 meters height and “0.03” for taller buildings 

(a) Excel sheet: “SEISMIC-ASCE 7-10.xls” 

 

Figure 3 – ASCE 7-10 response spectrum 
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5.2. UBC97 RESPONSE SPECTRUM 

This function may also be used in projects with ACI 318 design code. Function parameters are input 

as follows: 

Function Name: “UBC97” 

Seismic coefficient, Ca: “as provided by soil report or national code or Excel sheet(a)” 

Seismic coefficient, Cv: “as provided by soil report or national code or Excel sheet(a)” 

Damping Ratio: “0.05” for buildings up to 100 meters height and “0.03” for taller buildings 

(a) Excel sheet: “SEISMIC-UBC97.xls” 

 

Figure 4 – UBC97 response spectrum 
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5.3. EUROCODE8-2004 RESPONSE SPECTRUM 

This function should be used in projects with Eurocode, British, and Egyptian design codes. Function 

parameters are input as follows: 

Country: “CEN Default” 

Direction: “Horizontal” 

Ground Acceleration ag/g: “according to seismic zone as per national code” 

Spectrum Type: “2” in most areas where the earthquakes that contribute most to the seismic hazard 

have a surface-wave magnitude not greater than 5.5 and “1” in Mediterranean Sea coastal areas 

Ground Type: “as provided by soil report” 

Behavior Factor q: “response modification factor as recommended per design code” 

Damping Ratio: “0.05” for buildings up to 100 meters height and “0.03” for taller buildings 

 

Figure 5 – EUROCODE8-2004 horizontal response spectrum 

If there are transfer slab or key elements carrying planted columns, vertical seismic component must 

be taken into analysis by defining vertical response spectrum curve. The parameters are the same of 

the horizontal curve except for the followings:  

Direction: “Vertical”   Behavior Factor q: “1” 
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Figure 6 – EUROCODE8-2004 vertical response spectrum 

 

6. DEFINE MASS SOURCE 

The multiplier of all dead loads is “1”, while the multiplier of L.L is taken “0.25 or 0.50” if the Egyptian 

code is used in design (clause 8.7.1.4) and “0” while using the ACI 318 in design except where 

storage areas are taken “0.25” (ASCE 7-10, clause 12.7.2). The water load multiplier is always “1”. If 

the vertical acceleration component is needed to be taken in seismic analysis using vertical response 

spectrum curve, then include vertical mass option should be checked. 

 

Figure 7 – Mass source data 
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7. DEFINE P-DELTA OPTIONS 

For relatively high-rise buildings, some authorities require conducting P-Delta analysis on the 

structure. ASCE 7-10; clause 12.8.7 states the limitations of ignoring or taking the P-Delta effect into 

consideration in the structure analysis as procedures illustrated in section 18 in this manual. If the P-

Delta effect is needed to be taken, Iterative method based on loads is selected. The load 

combinations for the P-Delta analysis according to the ACI(Ref. 3), BS and ECP codes, as advised by 

design experts are shown in Figure 8. 

  
ACI 318 BS 8110 

  

 
ECP 203 

Figure 8 – P-Delta options in ACI, BS and ECP 
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8. DEFINE MODAL CASES 

The following parameters are to be used for the best dynamic solution of the model: 

Modal Case Sub Type: “Ritz”. Eigen vectors is the basic analysis type which is based on the 

properties of the structure, but it requires more number of modes to reach the same mass 

participation ratio of the “Ritz vectors” analysis type, which is based on the particular loading of the 

structure. CSI recommends using “Ritz” type while using response spectrum analysis or time history 

analysis(Ref. 2). Because “Ritz” is more sensitive to model geometrical issues and load variation 

complexity, it may not run in some cases. Hence, a throughout check of structure geometry and 

loading is needed or switching to “Eigen vectors” type.  

Mass Source: “the pre-defined Mass Source in section 6 in this manual” 

P-Delta settings: “the pre-defined P-Delta in section 7 in this manual” 

Loads Applied: “as shown in Figure 9”, if there are planted columns or transfer slab, direction UZ is 

also added to the applied loads. 

Maximum Number of Modes: “3 N ”(a) where N is the number of floors of the building, provided that 

this number of modes meets the minimum mass participation ratio required by design code (90% at 

least in each applied direction) 

(a) ECP 201-2012; clause 8.7.3.3.1.7 and EC8-1:2004; clause 4.3.3.3.1(5) 

 

Figure 9 – Modal case data 
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9. DEFINE LOAD PATTERNS 

The vertical load patterns are defined and named as shown in Figure 10. Other vertical load patterns 

may be present in structures based on their nature like equipment load or landscape load. Only one 

wind load pattern is used in the model according to the design code. Also, only one seismic load 

pattern is used in the model according to the design code. 

 

Figure 10 – Load patterns 
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9.1. ASCE 7-10 WIND LOAD PATTERN 

If the ACI 318 design code is used, then the wind is entered according to ASCE 7-10. The wind load 

calculated by ASCE 7-10 is an ultimate load while it was service load in ASCE 7-05. ASCE 7-10 uses 

higher wind speeds than ASCE 7-05 to produce the wind load on the ultimate level. The wind load 

parameters are modified inside the “modify lateral load” section as follows: 

Exposure and Pressure Coefficients: “Exposure from Extents of Diaphragms” is used for regular 

multi-story buildings, while “Exposure from Frame and Shell Objects” is selected for special buildings 

or buildings that have no diaphragms. 

Wind Speed: “101” equivalent to 45 m/s; defined per ASCE 7-10; clause 26.2 as Three-second gust 

speed at 10 m above the ground “always entered in mph regardless of units used in model”. Please 

note that this speed should be entered equals to  1.26 of the basic wind speed used in ASCE 7-05. 

Exposure Type: “B, C, or D” according to ASCE 7-10; clause 26.7.3 

Topographic Factor Kzt: “1.0” or according to ASCE 7-10; clause 26.8 

Gust Factor: “0.85” or according to ASCE 7-10; clause 26.9 

Directionality Factor Kd: “0.85” or according to ASCE 7-10; table 26.6-1 

Bottom story: “story at surrounding ground level” 

Include Parapet: “add parapet height of applicable” 

 

Figure 11 – Wind load pattern in ASCE 7-10 
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9.2. BS 6399-95 WIND LOAD PATTERN 

If the BS design code is used, then the wind is entered according to BS 6399-95. The wind load 

calculated by BS 6399-95 is a service load. The wind load parameters are modified inside the “modify 

lateral load” section as follows: 

Exposure and Pressure Coefficients: “Exposure from Extents of Diaphragms” is used for regular 

multi-story buildings, while “Exposure from Frame and Shell Objects” is selected for special buildings 

or buildings that have no diaphragms. 

Effective Speed Ve (m/s): according to BS 6399-2; clause 2.2.3 for buildings up to 100 m height or 

clause 3.2.3 for any height of building 

Size Effect Factor Ca: according to BS 6399-2; clause 2.1.3.4 

Dynamic Augment Factor Cr: according to BS 6399-2; clause 1.6.1 

Wind Pressure Coefficients Cp: according to BS 6399-2; clause 2.3 or clause 3.3 

 

Figure 12 – Wind load pattern in BS 6399-95 

 

9.3. ASCE 7-10 SEISMIC LOAD PATTERN 

ASCE 7-10 seismic load pattern should be used in projects with ACI 318 design code. Function 

parameters are input as follows: 

Ss and S1: “User Specified” 

0.2 Sec Spectral Accel. Ss: “as provided by soil report or design code or Excel sheet(a)” 

1 Sec Spectral Accel. S1: “as provided by soil report or design code or Excel sheet(a)” 

Long-Period Transition Period: “as provided by soil report or design code or Excel sheet(a)” 

Site Class: “as provided by soil report” 
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Direction and Eccentricity: “X Dir ± Eccentricity” then another load pattern is defined using “Y Dir ± 

Eccentricity” with exact same other parameters. 

Ecc. Ratio: “0.05” in the first run, then torsional amplification is calculated according to ASCE 7-10; 

clause 12.8.4.3 as described in section 19 in this manual. 

Time Period: “Program Calculated” using Ct, x according to ASCE 7-10; table 12.8-2 depending on 

the structure type (the ft unit values should be used), if design should be on the static method. If this 

case is only needed for scaling the dynamic case, “Approximate” should be selected. 

Factors, Response Modification Factor R, System Over strength , and Deflection Amplification Cd: 

“according to ASCE 7-10; table 12.2-1 depending on the Seismic Force-Resisting System” 

Occupancy Importance I: “according to ASCE 7-10; table 1.5-2 depending on the risk category” 

(a) Excel sheet: “SEISMIC-ASCE 7-10.xls” 

 

Figure 13 – Seismic load pattern in ASCE 7-10 

 

9.4. UBC97 SEISMIC LOAD PATTERN 

UBC97 seismic load pattern may also be used in projects with ACI 318 design code. Function 

parameters are input as follows: 

Seismic coefficient, Ca: “as provided by soil report or design code or Excel sheet(a)” 

Seismic coefficient, Cv: “as provided by soil report or design code or Excel sheet(a)” 
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Soil Profile Type: “as provided by soil report” 

Seismic Zone Factor: “as per region or as provided by soil report” 

Direction and Eccentricity: “X Dir ± Eccentricity” then another load pattern is defined using “Y Dir ± 

Eccentricity” with exact same other parameters. 

Ecc. Ratio: “0.05” in the first run, then torsional amplification is calculated according to UBC97; clause 

1630.7 as described in section 19 in this manual. 

Time Period: “Program Calculated” using Ct according to UBC97; clause 1630.2.2 depending on the 

structure type (the ft unit value should be used), if design should be on the static method. If this case 

is only needed for scaling the dynamic case, “method A” should be selected. 

Response Modification Factor R, and the Importance Factor I: “according to UBC97; table 16-N 

depending on the Seismic Force-Resisting System” 

Importance Factor I: “according to UBC97; table 16-K depending on the occupancy category” 

 (a) Excel sheet: “SEISMIC-UBC97.xls” 

 

Figure 14 – Seismic load pattern in UBC97 
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9.5. EUROCODE8-2004 SEISMIC LOAD PATTERN 

Eurocode8-2004 seismic load pattern should be used in projects with Eurocode, BS, and Egyptian 

design codes. Function parameters are input as follows: 

Country: “CEN Default” 

Ground Acceleration ag/g: “as per seismic zone” 

Spectrum Type: “2” in most areas and “1” in Mediterranean Sea coastal areas 

Ground Type: “as provided by soil report” 

Behavior Factor q: “=response modification factor as recommended per design code” 

Correction Factor : “1” or “0.85” if after analysis the program calculated time period < 2Tc 

Direction and Eccentricity: “X Dir ± Eccentricity” then another load pattern is defined using “Y Dir ± 

Eccentricity” with exact same other parameters. 

Ecc. Ratio: “0.05” in the first run, then torsional amplification is calculated according to ASCE 7-10; 

clause 12.8.4.3 as described in section 19 in this manual. 

Time Period: “Program Calculated”, if design should be on the static method. If this case is only 

needed for scaling the dynamic case, “Approximate” should be selected, using Ct from Eurocode 8-

1:2004; clause 4.3.3.2.2. 

 

Figure 15 – Seismic load pattern in EUROCODE8-2004 
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10. DEFINE LOAD CASES 

Response spectrum load cases must be manually defined, in two orthogonal directions, for the 

dynamic analysis using response spectrum functions. All other load cases for vertical, wind, and static 

seismic loads are automatically defined. 

10.1. RESPONSE SPECTRUM LOAD CASE DATA 

Load Case Name: “Sx” in the X directions and “Sy” in the Y direction 

Load Case Type: “Response Spectrum”  

Load Name: “U1” in the X directions and “U2” in the Y direction 

Function: “the desired response spectrum function according to the design code” 

Scale Factor: “=g” if Eurocode 8-2004 is chosen and “g/R” if ASCE 7-10 or UBC97 is chosen, where g 

is the gravity acceleration and R is the response modification factor. 

Modal Combination Method: “CQC”, as it is the more general and accurate method 

Modal Damping: “damping ratio as defined in section 5.1 in this manual” 

Diaphragm Eccentricity: “0.05” as accidental torsion and need not to be recalculated later 

 

Figure 16 – Response spectrum load case 
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11. DEFINE LOAD COMBINATIONS 

Prior to defining automatic load combinations, the design code must be selected in the program, as 

shown in section 15 in this manual, as it affects the partial load factors. Default design combination 

according to the selected design code should be automatically set as shown in Figure 17. In some 

cases, with the ACI design code and with the BS 8110 design code, some load combinations may 

need to be modified as per the code statements. The load combinations of the Egyptian code should 

be manually set. 

 

Figure 17 – Default design combinations 

 

12. DEFINE AUTO CONSTRUCTION SEQUENCE CASE 

If there is planted columns or transfer slabs, it is required to define construction sequence case as it 

is more realistic in calculating the planted column load than the whole structure analysis, as it 

eliminates the vierandeel action of columns with floor slabs or beams. The parameters are shown in 

Figure 18. The scale factor for wall loads may be entered in different value depending on the project 

construction plan. 

It is noteworthy that the auto construction sequence case significantly enlarges the computation time, 

so unless it is mandatory by authorities, its effect can be compensated by multiplying the planted 

column loads by a reasonable factor.  
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Figure 18 – Auto construction sequence load case 

 

13. ASSIGN MENU 

13.1. FRAME > RELEASE/PARTIAL FIXITY 

The moment 33 (major) is released at the ends of secondary beam supported on main beam. All 

other beams connections with columns are left as rigid connections without releases. 

 

13.2. SHELL > DIAPHRAGMS 

Pre-defined diaphragms are assigned to each floor shell elements separately. It is better to assign 

diaphragms to shell objects rather than joint objects(Ref. 4). 

 

13.3. SHELL > FLOOR AUTO MESH OPTIONS 

When the floor slabs are imported through import architectural plan or floor plan as one slab edge 

poly line, the “Default” floor meshing option should be selected. This method is much more time 

saving in creating the model than manually meshing the floor slabs and has no effect on the accuracy 

of the results(Ref. 5). 

 

13.4. SHELL > WALL AUTO MESH OPTIONS 

The “Default” or the “Auto Rectangular Mesh” meshing options could be selected. 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 25 

13.5. FRAME LOADS > TEMPERATURE 

Uniform temperature change of ±20o C should be input in two different load patterns if required in 

analysis. It should also be accompanied with axial property modifier as listed in section 3.3 in this 

manual. 

 

13.6. SHELL LOADS > UNIFORM 

This section will list the miscellaneous dead and live loads to be input on any structure as should be 

referred by ASCE 7-10 or any relevant code of loads. Loads should be input in  

“Gravity” direction. 

 Own weights; to be calculated in imposed loads: 

  Plain concrete      22 kN/m3 

  Reinforced concrete     25 kN/m3 

  Backfilling soil       18-19 kN/m3 

  Block work      16-18 kN/m3 

 Super imposed dead loads; as defined in “F.C” and “Wall” load patterns: 

Load pattern Load description Load value 

F.C Floor cover for typical floors & stairs 1.50 to 2.00 kN/m2 

F.C Floor cover for horizontal roof  3.00 to 3.50 kN/m2 

F.C False ceiling and suspended utilities 0.50 kN/m2 

Wall Wall loads as uniform load (to be calculated) 

 Live loads; as defined in “L.L” load pattern: 

  Residential floors     2.00 kN/m2 

  Hotel guest rooms     2.00 kN/m2 

  Office and administrative rooms    2.50 kN/m2 

  Stairs and corridors     4.00 kN/m2 

  Prayer area      5.00 kN/m2 

  Commercial spaces     5.00 kN/m2 

  Garages      4.00 kN/m2 

  Mechanical equipments & utility    (>5.0 kN/m2) 

  Accessible roof      as typical floor 

  Inaccessible roof     1.00 kN/m2 
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13.7. SHELL LOADS > TEMPERATURE 

Uniform temperature change of ±20o C should be input in two different load patterns if required in 

analysis. It should also be accompanied with axial property modifier as listed in section 3.3 in this 

manual. 

 

13.8. SHELL LOADS > WIND PRESSURE COEFFICIENT 

If “Exposure from Shell Objects” option is selected in the wind load pattern as discussed in section 

9.1 and 9.2 in this manual, then the wind pressure coefficient should be entered for the shell elements 

facing the wind in the windward and leeward directions as shown in Figure 19, according to the 

design code, whether it is the ASCE 7-10, BS 6399-95 or ECP 201-2012. 

 

Figure 19 – Wind pressure coefficient 

 

 
14. ANALYZE MENU 

14.1. CHECK MODEL 

Model should be checked prior to run for warnings with checked list as shown in Figure 20. 
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Figure 20 – Check model check list 

 

14.2. ADVANCED SAPFIRE OPTIONS 

In case of model run warnings or stability issues, the solver option is set to “Standard Solver” which 

consumes much more time in running the model but gives detailed description of warnings and 

errors. 

 

14.3. AUTOMATIC MESH SETTING FOR FLOORS 

This option should be adjusted with setting the “Default” floor meshing option in section 13.3 in this 

manual. The approximate maximum mesh size could be adjusted to “0.50” m in small to medium 

model sizes and to “1.0” m in large model size, for reasonable computing time. 

 

14.4. AUTOMATIC RECTANGULAR MESH SETTING FOR WALLS 

This option should be adjusted with setting option in section 13.4 in this manual. The approximate 

maximum mesh size could be adjusted as mentioned in section 14.3 in this manual. 
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15. DESIGN PREFERENCES 

In menu “Design”, the concrete frame, shear wall, and concrete slab design preferences should be 

adjusted according to the desired design code in the project. 

15.1. CONCRETE FRAME DESIGN PREFERENCES 

The design code should be selected weather it is ACI 318-14 or BS 8110-97. If the ACI 318-14 is 

selected, the following parameters should be modified as well as they affect the design equations and 

automatic load combinations: 

Seismic Design Category: “according to ASCE 7-10; table 11.6-1&2 or Excel sheet(a)” 

Design System Sds: “according to ASCE 7-10; clause 11.4.4 or Excel sheet(a)” 

(a) Excel sheet: “SEISMIC-ASCE 7-10.xls” 

 

Figure 21 – Concrete frame design preferences 

Important note: if UBC97 code is used for seismic analysis instead of ASCE 7-10, then the value of 

Sds above should be entered = 2.5*Ca*I  (as determined in section 5.2 in this manual) 
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15.2. SHEAR WALL DESIGN PREFERENCES 

The design code should be selected weather it is ACI 318-14 or BS 8110-97. If the ACI 318-14 is 

selected, the following parameters should be modified as well as they affect the design equations and 

automatic load combinations: 

Rebar Material: “as per rebar material definition is section 2.2 in this manual” to be used as main 

reinforcement for shear walls 

Rebar Shear Material: “as per rebar material definition is section 2.2 in this manual” to be used as 

horizontal reinforcement for shear walls 

Design System Sds: “as entered in section 15.1 in this manual” 

Importance Factor: “according to ASCE 7-10; table 1.5-2 depending on the risk category” 

System Cd: “as entered in section 9.3 in this manual” 

Important note: if UBC97 code is used for seismic analysis instead of ASCE 7-10, then the value of 

Sds above should be entered = 2.5*Ca*I  (as determined in section 5.2 in this manual) 

 

Figure 22 – Shear wall design preferences 
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15.3. CONCRETE SLAB DESIGN PREFERENCES 

The design code should be selected weather it is ACI 318-14 or BS 8110-97. In both codes, the 

following parameters should be modified: 

Clear Cover Top, mm: “25” 

Clear Cover Bottom, mm: “25” 

Preferred Bar Size: “mesh reinforcement bar size / 2” as it affects the depth calculation to the c.g of 

bars in design. 

 

 

Figure 23 – Concrete slab design preferences 
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16. POST ANALYSIS CHECKS 

16.1. CHECKING THE MODAL RESPONSE OF THE STRUCTURE 

It is very important to check the structure frequency (period) and the mass participation ratio for all 

mode shapes of the structure after analysis. This is extracted by selecting the menu Display > Show 

Tables, then checking the box shown in Figure 24. The output table display is shown in Figure 25; 

hence the followings should be checked: 

 The structure period should be comparable with the anticipated value calculated according to 

the ASCE 7-10; clause 12.8.2.1 or the ECP 201-2012; annex (8-B). 

 The Sum UX and Sum UY, which represent the mass participation ratios in both directions 

should reach at least 0.90 (90% as required by design codes). If not, the maximum number of 

modes, as input in section 8 in this manual, should be increased. 

 

Figure 24 – Check box to display modal response 

 

Figure 25 – Structure period and mass participation ratios 
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16.2. SCALING OF RESPONSE SPECTRUM LOAD CASE 

The dynamic analysis of buildings always results in lower values of straining actions and 

deformations than the static analysis method. In such cases, design codes states that the response 

spectrum analysis need to be scaled to at least 85% of the static seismic load in the ASCE 7-10 and 

ECP 201 and 90% of the static seismic load in the UBC97, while no scaling should be made in the 

Eurocode 8.  

The procedures of scaling are as follows: 

1. Extract the static base shear (Vb) using the static analysis method in ETABS, or manually 

calculate it following code equations, or using Excel sheet as a function of the structure 

seismic weight. 

2. Extract the FX base reaction from Sx case and the FY base reaction from Sy case. 

 

Figure 26 – Check box to display base reactions 

 

 

Figure 27 – Base vertical and seismic reactions 

3. The scale factor in the Sx case = 
R

g
*

FX

V85.0 b existing scale factor in response load case 
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4. The scale factor in the Sy case = 
R

g
*

FY

V85.0 b  existing scale factor in response load case 

5. The scale factor in any direction must not be less than (g/R) 

6. The value of scale factor should be entered as shown in Figure 28 in both Sx and Sy load 

cases. 

Important note: if UBC97 code is used for seismic analysis instead of ASCE 7-10 or Egyptian code 

ECP 201, then the value of 0.85 in steps 3 and 4 should be replaced by 0.90. 

 

Figure 28 – Entering scale factor 

 

17. IMPORTANT NOTES ON LATERAL DRIFT RESULTS 

The displacement results from ETABS output tables should be clearly defined in order to properly 

calculate the important seismic indices such as the stability coefficient, the torsional amplification, and 

the lateral drift, as will be described in detail in sections 18, 19, and 20 in this manual, respectively. 

In ETABS > display > Show Tables > “Story Drift” = “Story Max/Avg Drift” after dividing by Story 

Height = “Diaphragm Max/Avg Drift” = what is displayed in Display > Story Response Plots > “Max 

story drift” and all of previous  “Story Max/Avg Displacements” when calculating the difference 

between two successive stories and dividing by story height. 
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18. COMPUTING P-DELTA EFFECT  

18.1. ACCORDING TO ASCE 7-10; CLAUSE 12.8.7 

The stability coefficient () is calculated, in both principal directions of seismic shear force, by: 

      

dsxx

ex

C.h.V

I..P 
      Eq. (1) 

Where: 

Px = the total vertical service load at and above Level x (kN) 

 = the story drift occurring simultaneously with Vx (mm), shall be computed as the largest difference 

of the deflections of vertically aligned points at the top and bottom of the story under 

consideration along any of the edges of the structure 

 = x – x-1 

 = 
e

de

I

C.
 

For structures assigned to seismic category A and B,  is calculated based on the diaphragm center 

of mass displacement, while for structures assigned to seismic category C, D, E and F,  is 

calculated based on the story max displacement. 

e = the elastic displacement from ETABS output 

Ie = the importance factor determined in accordance with ASCE 7-10; clause 11.5.1 

Cd = the deflection amplification factor in ASCE 7-10; Table 12.2-1 

Vx = the seismic shear force in this direction acting between Levels x and x–1 (kN) 

hsx = the story height below Level x (mm) 

      
d

max
C

50.0


   0.25    Eq. (2) 

Where β is the ratio of shear demand to shear capacity for the story between Levels x and x – 1. 

If  ≤0.10  P-Delta effects are not required to be considered 

If 0.10 < ≤max P-Delta effects are required to be considered 

If >max  the structure is potentially unstable and shall be redesigned 

Where the P-delta effect is included in an automated analysis, condition of Eq. (2) shall still be 

satisfied, however, the value of  computed from Eq. (1) using the results of the P-delta analysis is 

permitted to be divided by (1 + ) before checking Eq. (2). 
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Illustration of applying the above procedures is shown hereafter in steps with the aid of Excel 

sheet “SEISMIC CHECKS-ASCE7-10.xls” in the tab “P-Delta” 

1. Select Display > Show Tables, then select the marked outputs in the below figure. 

  

2. Export each output table to Excel. 

3. Apply automatic filters in Excel to easily select required fields. 

4. From “Story Data” Excel file select the story label and height as shown in below figure then 

paste them in the Excel sheet matching field. 
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5. From “Story Forces” Excel file select P, Vx, and Vy with load case/combination filters as 

shown in below figures then paste them in the Excel sheet matching field. 
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6. From “Diaphragm center of mass displacements” or “Story Max-Avg Displacements” Excel 

files, depending on the seismic design category, select x and y with filters as shown in 

below figures then paste them in the Excel sheet matching field. 

 
 

 

7. The calculation cells in Excel sheet, in dark blue, should be stretched to the last row of input 

cells. Then the Excel sheet calculates the maximum () for the structure, then tells whether to 

ignore the P-Delta effect or to take it into the analysis, as shown in the below figure. 
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8. If the Excel sheet tells to include P-Delta in analysis, then it should be done according to 

section 7 in this manual. Only the story displacements results should be treated as per the 

previous step no. 6 but in the tab “P-Delta Check” in the Excel sheet. 

9. The Excel sheet tells whether the analysis is accepted or not according to the modified 

values of () to be checked, as shown in the below figure. 

 

 

18.2. ACCORDING TO UBC97; CLAUSE 1630.1.3 

The procedures are very much similar to that of ASCE 7-10. The steps of illustration using the aid of 

Excel sheet is the same but with Excel sheet “SEISMIC CHECKS-UBC97.xls” in the tab “P-Delta” 
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18.3. ACCORDING TO ECP 201-2012; CLAUSE 8.8.2.2 & EC8; CLAUSE 4.4.2.2(2) 

The story drift sensitivity coefficient () is calculated, in both principal directions of seismic force, by: 

h.V

d.P

tot

rtot  

Where: 

Ptot = the total vertical load at and above Level x (kN), in the relevant load combination 

dr = the story drift occurring simultaneously with Vtot (mm), shall be computed as the difference of the 

average lateral deflections of vertically aligned points at the top and bottom of the story under 

consideration along any of the edges of the structure 

dr = x – x-1 

x = the elastic displacement from ETABS output 

Vtot = the seismic shear force in this direction acting between Levels x and x–1 (kN) 

h = the story height below Level x (mm) 

If  ≤0.10  P-Delta effects are not required to be considered 

If 0.10 < ≤0.20 P-Delta effects could be taken by increasing the internal forces by the factor 

1/(1-) 

If 0.20 < ≤0.30 P-Delta effects should be taken in the analysis 

If >0.30  not accepted, the structure is potentially unstable and shall be redesigned 

 

Illustration of applying the above procedures is shown hereafter in steps with the aid of Excel 

sheet “SEISMIC CHECKS-ECP201-2012.xls” in the tab “P-Delta” 

1. Repeat the same steps done in the ASCE 7-10, with the following differences: 

2. Select Display > Show Tables, then select the marked outputs in the below figure. 
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3. From “Story Forces” Excel file select P, Vx, and Vy with load case/combination filters same to 

the relevant load combination in each direction then paste them in the Excel sheet matching 

field. 

4. From “Story Max-Avg Displacements” Excel files, select the average x and y with filters as 

shown in below figures then paste them in the Excel sheet matching field. 
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5. The calculation cells in Excel sheet, in dark blue, should be stretched to the last row of input 

cells. Then the Excel sheet calculates the maximum () for the structure, and then tells 

whether to ignore the P-Delta effect or to take it into the analysis.  
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19. COMPUTING TORSIONAL AMPLIFICATION 

19.1. ACCORDING TO ASCE 7-10; CLAUSE 12.8.4.3 & UBC97; CLAUSE 1630.7 

The torsional amplification factor (Ax) is calculated, in both principal directions of seismic shear force, 

by: 

2

avg

max
x

*2.1
A


















  ≥1.0 

If Ax > 3.0, then the lateral resisting structural system need to be revised. 

Where: 

max = the maximum displacement at Level x (mm) 

avg = the average of the displacements at the extreme points of the structure at Level x (mm) 

 

Amplified Ecc. Ratio = 0.05 * Ax 

The amplified Ecc. Ratio could be entered for each floor diaphragm separately or the maximum value 

to be unified to all floor diaphragms. 

 

Illustration of applying the above procedures is shown hereafter with the aid of Excel sheet 

“SEISMIC CHECKS-ASCE7-10.xls” or “SEISMIC CHECKS-UBC97.xls” in the tab “Ax” 

1. Select Display > Show Tables, then select the marked outputs in the below figure. 



STRUCTURAL MODELING NOTES 

 

 

Date: JULY 2019        Rev.: 3.5 
 

Prepared by: Dr. Mahmoud El-Kateb 

 

P a g e  | 43 

 

2. Export each output table to Excel. 

3. Apply automatic filters in Excel to easily select required fields. 

4. With the suitable filters, copy the maximum and average displacements in both directions 

then paste them in the suitable columns in Excel file, as shown in the below figures. 
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5. The Excel sheet will calculate the Ax factor in the x and y directions and the eccentricity 

overwrites as well, as shown in the above figure.  

6. If any Ax > 3.0, then the lateral resisting structural system need to be revised. 

7. The eccentricity overwrite in any direction is calculated by: 

Ecc. Overwrite = Ax * 0.05 * Perpendicular dimension of structure 

8. The eccentricity overwrites values for each floor diaphragm in both directions should be 

entered in the section shown in the figure below. 
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20. COMPUTING THE LATERAL DRIFT 

20.1. ACCORDING TO ASCE 7-10; CLAUSE 12.8.6 

The design story drift () shall be computed as the difference of the deflections at the centers of mass 

at the top and bottom of the story under consideration. For structures assigned to Seismic Design 

Category C, D, E, or F, the design story drift () shall be computed as the largest difference of the 

deflections of vertically aligned points at the top and bottom of the story under consideration along 

any of the edges of the structure. This should be done in both principal directions of seismic action.  

 = 
e

de

I

C.
 

 = x – x-1 

Where: 

e = the elastic displacement from ETABS output 

Ie = the importance factor determined in accordance with ASCE 7-10; clause 11.5.1 

Cd = the deflection amplification factor in ASCE 7-10; Table 12.2-1 

 

Illustration of applying the above procedures is shown hereafter in steps with the aid of Excel 

sheet “SEISMIC CHECKS-ASCE7-10.xls” in the tab “Drift” 

1. The first four steps mentioned in section 18.1 in this manual should be followed, then; From 

“Diaphragm center of mass displacements” or “Story Max-Avg Displacements” Excel files, 

depending on the seismic design category, select x and y with filters as shown in below 

figures then paste them in the Excel sheet matching field. 
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2. The factors Cd and Ie should be input in the Excel file. 

3. The calculation cells in Excel sheet, in dark blue, should be stretched to the last row of input 

cells. The allowable value that should be input also as per ASCE 7-10; table 12.12-1. Then 

the Excel sheet calculates the maximum story drift for the structure, then tells whether the 

drift is safe or unsafe, as shown in the below figure. 

 

Note: the lateral drift may also be checked using the ETABS outputs of “Story Drift”, “Story Max/Avg 

Drift”, or “Diaphragm Max/Avg Drift” 
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20.2. ACCORDING UBC97; CLAUSE 1630.9 

The inelastic story drift (M) shall be computed as the difference of the maximum lateral deflections 

of vertically aligned points at the top and bottom of the story under consideration along any of the 

edges of the structure. This should be done in both principal directions of seismic action. Calculated 

drift shall include translational and torsional deflections and shall consider P effects. 

M = 0.7 R S 

S = (ex – ex-1) / h 

Where: 

S = the elastic story drift  

R = Response modification factor for the structure 

ex = elastic story displacement from ETABS at level x  

h = story height 

Calculated story drift using M shall not exceed 0.025 times the story height for structures having a 

fundamental period of less than 0.7 second. For structures having a fundamental period of 0.7 

second or greater, the calculated story drift shall not exceed 0.02 times the story height. 

The above procedures could be done with the aid of Excel sheet “SEISMIC CHECKS-

UBC97.xls” in the tab “Drift”, following the same steps in section 20.1 in this manual. 

 

20.3. ACCORDING TO ECP 201-2012; CLAUSE 8.8.3.2 

The design story drift (drv) shall be computed as the difference of the average lateral deflections of 

vertically aligned points at the top and bottom of the story under consideration along any of the edges 

of the structure. This should be done in both principal directions of seismic action.  

drv = dr .  

Where: 

drv = the design story drift at service limit state (SLS) 

dr = the difference of the average lateral story drift at certain level 

dr = x – x-1 

x = 0.70 * R * e 

e = the elastic displacement from ETABS output 

= reduction factor as per table 8-10 

The allowable value for the design story drift is either (0.005, 0.0075, or 0.01) of the story height 

according to the type of the non-structural elements in the building 
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Illustration of applying the above procedures is shown hereafter in steps with the aid of Excel 

sheet “SEISMIC CHECKS-ECP201-2012.xls” in the tab “Story drift” 

1. The four steps mentioned in section 18.3 in this manual should be followed. 

2. The factors R and  should be input in the Excel file as well as the allowable value as shown 

in the figure below. 

 

3. The calculation cells in Excel sheet, in dark blue, should be stretched to the last row of input 

cells. Then the Excel sheet tells whether the drift is safe or unsafe at each floor and extract 

the location of maximum drift, as shown in the below figure. 

 

 

20.4. ACCORDING EC 8; CLAUSE 8.8.3.2 

If linear analysis is performed the displacements induced by the design seismic action shall be 

calculated based on the elastic deformations of the structural system by means of the following 

simplified expression: 

ds = q de 

Where: 

ds = the displacement of a point of the structural system induced by the design seismic action 
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q = the behavior factor, assumed equal to q unless otherwise specified 

de = the displacement of the same point of the structural system from ETABS output 
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1. INTRODUCTION 

The main objective of this manual is to set a guide lines to be followed by structural design team 

during phases of structural modeling using CSI software (SAFE), structural analysis and design. Part 

1 of this manual series deals about the modeling of structures on ETABS, while part 2 concerns about 

specialties in SAFE software such as non-linear analysis for deflection calculation, etc.… Otherwise, 

most of modeling procedures, where applicable, are the same in ETABS and SAFE. 

This manual contains parameters, procedures and recommendations concern mostly about 

reinforced concrete structures and that comply with the CSI manuals and technical papers as well as 

the common design codes as listed hereafter; 

American:  ACI 318-14  ASCE 7-10 

British:  BS 8110-1:1997 & 2:1985  BS 6399-1&2&3 

Egyptian:  ECP 203-2007  ECP 201-2012 

 

2. DEFINE SOIL SUBGRADE PROPERTIES 

The soil subgrade modulus is entered as provided in the soil investigation report, in kN/m3. This is 

used when modeling raft or footings rested directly on soil with the used subgrade modulus. 

 

3. DEFINE POINT SPRING PROPERTIES 

This option is used with modeling piles. The vertical spring stiffness in “Translation Z” direction is 

taken as provided in the soil investigation report, while the horizontal spring stiffness “Translation X” 

and “Translation Y” directions are taken as 10% of the vertical stiffness for vertical load analysis, 

unless otherwise mentioned in the soil investigation report, as shown in Figure 2. 

 

Figure 29 – Pile spring property data 
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The non-linear option is set as follows: 

  Bearing and friction pile: “None (Linear)” 

  Bearing pile: “Compression only” 

Important note: in high rise buildings or buildings where lateral load, either wind or seismic load, 

governs the design, separate calculations may be needed to estimate the horizontal stiffness at top of 

pile equivalent to its variable horizontal stiffness with its depth. 

 

4. DEFINE LOAD CASES 

In this section, the load cases used for calculating the immediate and long-term deflection are defined 

as the three following cases: 

4.1. STD LOAD CASE 

STD stands for “Short Term Deflection”, which is used to calculate the immediate deflection of slabs. 

The load case parameters are shown in Figure 30 as follows: 

Analysis Type: “Nonlinear (Cracked)” 

Loads applied: “1.0” for all dead and live load patterns 

 

 

Figure 30 – STD Load case 
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4.2. CASE2 LOAD CASE 

This case is used in the procedures of calculating the long-term deflection of slabs. The load case 

parameters are shown in Figure 31 as follows: 

Analysis Type: “Nonlinear (Cracked)” 

Loads applied: “1.0” for all dead load patterns and “0.25” for live load pattern as sustained part 

suggested by design engineer or as project requirements. 

 

 

Figure 31 – Case2 Load case 
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4.3. LTD LOAD CASE 

LTD stands for “Long Term Deflection”, which is used in the procedures of calculating the long-term 

deflection of slabs. The load case parameters are shown in Figure 32 as follows: 

Analysis Type: “Nonlinear (Long Term Cracked)” 

Loads applied: “1.0” for all dead load patterns and “0.25” for live load pattern as sustained part 

suggested by design engineer or as project requirements. 

Creep coefficient: “2” for 5 years period 

 

Figure 32 – LTD Load case 
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4.4. STDD LOAD CASE 

STDD stands for “Short Term Deflection for Dead loads”, in which the loads taken are the loads 

applied before construction of non-structural elements such as partitions and cladding. This case is 

used in the procedures of calculating the long-term deflection of slabs according to the ACI 318 

requirements. The load case parameters are shown in Figure 33 as follows: 

Analysis Type: “Nonlinear (Cracked)” 

Loads applied: “1.0” for dead load applied before construction of non-structural elements (own 

weights + walls), floor cover should be excluded in this case. 

A less conservative approach may be used when switching the “Nonlinear (Cracked)” analysis type 

by “Nonlinear (Long Term Cracked)” while using creep coefficient = 1.0 or 1.2, corresponding to 3 or 

6 months durations, respectively. The latter approach is not recommended. 

 

Figure 33 – STDD load case 
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4.5. UP-LIFT LOAD CASE 

When tension on soil springs appears due to existence of bending moment or horizontal loads, a non-

linear load case should be defined, as shown in Figure 34, allowing for up-lift in order to accurately 

calculate the new stress on soil springs after tension stresses redistribution. It should be noted that 

this case should be accompanied by setting the Soil Subgrade Property Data to “Compression Only”. 

The loads included in this case are extracted from the load case causing tension on soil springs. 

 

Figure 34 – Non-linear case for up-lift 
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5. DEFINE LOAD COMBINATIONS 

From the load cases defined in the previous section, these load cases can be summarized as: 

SDT load case = immediate deflection due to dead and live loads 

SDT – Case2 = immediate deflection due to part of the live load as per the used design code 

LDT load case = long term deflection due to dead and sustained live load as per the used design 

code 

Hence, the long-term deflection to be checked as per design code should be calculated by:(Ref. 6): 

long term = SDT – Case2 + LDT 

Incremental = SDT – Case2 + LDT - STDD 

The scale factors for load cases used to calculate the long-term deflection load combinations are 

shown in Figure 35. 

  

Total Long-term deflection Incremental deflection 

Figure 35 – Long Term Deflection Load combinations 
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6. RUN > CRACKING ANALYSIS OPTIONS 

It is very important to adjust the cracking modulus of rupture in the menu Run > Cracking Analysis 

Options, in order to accurately calculate the deflection values as described in the previous sections. 

The value of modulus of rupture is calculated as per Table 7, using SI units. The value in the British 

code is too small comparing to other codes and may lead to excessive deflection values, compared to 

same slab in other codes. 

Table 7 – Calculating modulus of rupture 

ACI 318-14 BS 8110-97 ECP 203-2007 

0.33
`
cf (Ref. 7) 

0.55 MPa (Ref. 7) 
0.6 cuf (a) 

 (a) ECP 203-2007; clause 4.3.1.1.1 

Also, the reinforcing ratios for tension and compression maybe entered equal to the top and bottom 

reinforcement mesh where existing normally in flat slabs. For solid slabs with lower reinforcement 

mesh only, the compression reinforcing should be left as 0. 

 

 

Figure 36 – Options for cracking analysis 
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7. PUNCHING SHEAR DESIGN 

After displaying punching shear design, any punching shear ratio exceeding 1.0 above column needs 

further action; either to increase slab thickness, increase column dimensions, or add punching 

reinforcement. Calculation of punching reinforcement using SAFE is illustrated in next steps. 

 

Figure 37 – Punching shear ratio display 

Step 1: Select the column joint over which the punching shear ratio exceeds 1.0 

Step 2: from menu Design > Punching Shear Overwrites, modify the following parameters, as shown 

in Figure 38: 

Reinforcement Allowed: “Rebar Ties” 

Reinforcement Pattern: “Orthogonal or Radial” for rectangular or circular columns, respectively 

Reinforcement Fy: “420 or 460 or 350” for ACI 318 or BS 8110 or ECP 203, respectively 

Reinforcement Spacing: “≤ 0.50 slab depth” for ACI 318 and ECP 203 or “≤0.75 slab depth” for BS 

8110. 

 

Figure 38 – Punching shear design overwrites 
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Step 3: re-run the design, then display the punching shear design. The display should appear as 

shown in Figure 39. 

The shown RFT result is interpreted as follows: 

   10x4-12d@120 

 

Total number of bars in one shear RFT perimeter    spacing between RFT perimeters 

Number of shear RFT perimeters      chosen RFT bar diameter 

The total number of bars in one shear RFT perimeter should be uniformly distributed along the RFT 

perimeter with distance between each bar not to exceed 2*slab depth. 

 

Figure 39 – Punching shear design RFT 

 

8. DISPLAY CRACK WIDTH 

This tool shows the crack width distribution over the model. The program capability is to display the 

crack width according to the Eurocode only and this should be described as follows and as shown in 

Figure 40. 

Load Case: the load case required to check the crack width on. It must be a service case. 

Crack Location: the required face to show crack width on 

EC2 2004 Parameters: as per Eurocode2, EC2; EN 1992-1-1:2004, clause 7.3.4 as follows: 

Effective Concrete Rupture Strength: fctm = 0.3 (fc)2/3, as per EN 1992-1-1:2004, Table 3.1 

kt = 0.4 for long term loading and 0.6 for short term loading 

k1 = 0.8 for high bond bars and 1.6 for plain surface bars 
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k2 = 0.5 for bending and 1.0 for pure tension 

k3 = 3.4 (recommended value) 

k4 = 0.425 (recommended value) 

Equivalent Bar Diameter: Where a mixture of bar diameters is used in a section, an equivalent 

diameter, eq, should be used. For a section with n1 bars of diameter 1 and n2 bars of diameter 2, 

the following expression should be used 

 

 

Figure 40 – Crack width dialogue box 
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9. IMPORTANT DIFFERENCES BETWEEN ETABS AND SAFE 

To model slabs with variable thickness and loading in SAFE, it is best to create a base slab which 

spans the entire floor, and then draw slabs of variable thickness over the base slab to adjust local 

geometry and loading. Contained-area slabs drawn over the base slab will take precedence. This 

applies to every area object except drop-panels.  

Table 8 – Differences between ETABS and SAFE(Ref. 8) 
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1. INTRODUCTION 

The main objective of this manual is to set a guide lines to be followed by structural design team 

during phases of load calculations, structural modeling using CSI software (SAP2000). Part 1 of this 

manual series deals about the modeling of structures on ETABS, while part 2 concerns about 

specialties in SAFE software such as non-linear analysis for deflection calculation, etc… Part 3 will 

focus on entering triangular load such as earth pressure or hydro static water pressure on retaining 

walls or tank walls, using SAP2000. 

This manual contains parameters, procedures and recommendations concern mostly about 

reinforced concrete structures and that comply with the CSI manuals and technical papers as well as 

the common design codes as listed hereafter; 

American:  ACI 318-14  ASCE 7-10 

British:  BS 8110-1:1997 & 2:1985  BS 6399-1&2&3 

Egyptian:  ECP 203-2007  ECP 201-2012 

 

2. DEFINE JOINT PATTERNS 

The pattern name is entered either “Earth pressure” or “Water pressure”, depending on the type of 

loading. 

 

3. ASSIGN JOINT PATTERNS 

First, all joints of the wall under earth or water pressure are selected, then assigning joint pattern as 

shown in Figure 2 and as follows: 

Joint Pattern Name: “as defined in section 2 in part 3 of this manual” 

Pattern assignment type: “Zero Coordinate at Zero Pressure and Weight per Unit Volume” 

When selecting this option, the following parameters open: 

Z Coordinate (m): “the Z coordinate of the ground surface or water free surface in the model” 

Unit Weight (kN/m3): “10 or 19”, for water or soil respectively, unless otherwise mentioned in the soil 

investigation report 

Restrictions: “Zero Negative Values” 

Added Uniform Value per Unit Area: “0 or w” for water and soil respectively, and calculated as 

follows: 

w = L.L * K 

Where: 

L.L is the surrounding live load on the ground 

K is the active (Ka) or at rest (Ko) earth pressure coefficient as per the soil investigation report. And 

could be assumed as Ka = 0.30 and Ko = 0.50 
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Figure 41 – Assign joint pattern data 
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4. ASSIGN AREA LOADS > SURFACE PRESSURE 

First, all shell elements of the wall under earth or water pressure are selected, then assigning surface 

pressure as shown in Figure 42 as follows: 

Load Pattern: “to be defined as separate load pattern” 

Pressure: “By Joint Pattern” then select the joint pattern defined in section 2 in part 3 of this manual. 

Multiplier: “1 or -1” depending on the load direction and could be verified by display load as will be 

described later. 

 

 

Figure 42 – Assign area surface pressure load 
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5. DISPLAY LOAD ASSIGNS > AREA 

To check the validity of load values and directions that entered in the previous sections, Display Load 

Assigns > Area option is selected, then Surface Pressure Values option is selected. The pressure 

load on the wall would appear with direction and values to be checked.  

The following shows a check for the entered values in section 3 in part 3 of this manual. The height of 

wall is 2.05 m, the soil density is 19 kN/m3 and the uniform surrounding live load is 1.50 kN/m2. 

 Pressure at bottom of wall = 1.50 + 19*2.05 = 40.45 kN/m2 which equals the value appears in Figure 

43. 

 

Figure 43 – Area surface pressure display 
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