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Summary:

This study investigates the effects of boundary conditions as “support type of column and
direction of strong axis of column” on the response modification factor “R-factor” for steel frames.
Besides, other parameters as number of bays, story number and position of bracing. All steel frames
are designed according to Egyptian Code. Based on the results, for each different boundary
condition there is different R value, that’s mean, the R-factor is unique for each steel frame and
depended on stiffness of the frame system; R-factor increases when fundamental period is decreased
and braced frames have value smaller than un-braced frames. Types of support of column have high
effect on fundamental period for un-braced frames and less for braced frames. Direction of column
has effect on R-factor for both types of frames. Egyptian Code gives limited R-value for steel
frames comparing to this study. The minimum value of R-factor for each frame in this study is close

to the value in the Code, which means the Code is more conservative.



KNOWLEDGMENTS

Thanks Allah for the great care and help to present this thesis.

| would like to thank to my supervisor Prof. Dr.Walid A. Attia for the support that he has
provided during my study.

| would like to thank to my parents, for their invaluable supports and understandings.

I would like to thank to my friends who did “not” leave me alone during this period of
time.



TABLE OF CONTENTS

AKNOWLEDGMENTS ...ttt I
TABLE OF CONTENTS......oitititiiiie ettt 1
LISTOF TABLES «..uctiiiiiiiiiiiiiiiiiiiieieeieiietainteesaticnstisnsamsanniisass \Y
LIST OF FIGURES. ....ciuiitiuiiiiiiiiiiiiiietatiiiesatsstesnssssnsmmisssssnrsssissss VIl
NOMENCLATRUE....cciuiiiiiiiiiiiiniiieieiiietasisesasasommesnssssnsiionsssssises X1l
N = 1S I O XV
CHAPTER 1: INTRODUCTION. ...cuttiiiiuttiietnetcsenerccssssscssssasoiiossiosissscsnnss 1
Ll GONETAL ..t 1

L2 ODJECLIVE .. neteettte et e e e e 2

1.3 Scope of the research ..o 2

1.4 Organization of the thesSiS ..........ccoviiii i 3
CHAPTER 2: LITERATURE REVIEW ...u.eiiiiiiiiiiiienieiineeeeencnecaniiieesescnss 4
2.1 INtrOQUCTION .. ettt e e e et e e e 4
2.2 Definition of R factor and its COmMpPONeNnts.............c.ovivieiiiiiiii e, 4
2.2.1 Ductility Reduction Factor (RH).......coooviiiiiiiii e, 6
2.2.1.1 Recent Study about Ductility Reduction factor........................... 7

2.2.1.1.1 Newmark and Hall (1973)......c.coiiiriiiiiiiieeeciieea 7

2.2.1.1.2 Riddell and Newmark (1979)..........ccooiviiiiiiiiiiiiieien, 8

2.2.1.1.3 Riddell, Hidalgo and Cruz (1989)...........ccoviiiiiiiniiinenn.. 9
2.2.1.1.4Miranda (1993)....c.oiniii e, 10
2.2.1.1.5Laiand Biggs (1980) .....c.ovviniiiiie e 12

2.2.1.1.6 Nassar and Krawinkler (1991) ............cooevviiiiiiniin el 12

2.2.2 0verstrength Factor (Rg).....ovireniiiiii e 13
2.2.2.1 Recent Study about Overstrength Reduction factor..................... 14

2.2.2.1.1 Osteraas and Krawinkler (1990)............ccoooviiiiiiiieienieenn. 14

2.2.2.1.2 Kappos (1999)....cuiiriiii e 14
2.2.2.1.3Freeman (1990)........ooriiniiiii i 14

2.2.2.1.4 Humar and Rahgozar (1996)...........ccceeviiiiiiiiiiniainn, 14



2.2.2.1.5Rahgozar and Humar (1998)..............cccooiiiiiiiiiiieineen, 14

2.2.2.1.6 Balendraand Huang (2003)...........ccooiiriiiiiiieieccienea 14

2.2.2.1.7 Kimand Choi (2005)........coviiriiiiiiii e, 15

2.3 Previous Studies of R-factor ......... ..o 15
2.3.1 Serhan BAKIR (2005).......iuiuiiiiii et 15
2.3.2 Mussa Mahmoud & Mahdi Zaree (2010)..........ccoviiiiiiiiiiiceeene, 15
2.3.3 Gh. Abdollahzadeh &MR. Banihashemi (2012)............ccccoeviivininnn. .. 16
2.3.4 Gh. Abdollahzadeh and A. Kambukhsh (2012)...............ccciiiiina, 16
2.3.5Hassan, M.M. (2009).........ccoriiiiiii e 16
3.3.6 Mussa Mahmoud and Vahid Eskandovi (2013).............cccceviiviiinn... 17
3.3.7 Jinkoo Kim and Hyunhoon Choi (2005).........cccoevviiiiiiiiiiieeeneee 17
2.4 R-factor in different SEISMIC COUB. ........oieieiniii e, 17
2.4.1 Egyptian Code (ECP-201), 2012.......coiiriiiiiie e e 17
2.4.2 Internation Building Code, IBC 2012..........ccoiviiiiiiiiiiiii e 18
2.4.3 Uniform Building Code. UBC 1997........oiiiiiiiiiie e 19
2.4.4 Euro Code (EC8), 2003.......oniiriti e e e 19
2.4.5 Japanese Code, BCJ .. ... 20
246 TUIKISN COUE. ... 21
2.5 Non-Linear Static ANalysSiS:.........ooiiiiiii i 21
2.5 1 GNEIAL. .. e, 21
2.5.2 Procedures of Pushover AnalysiS..........cc.ooiiiiiiiiiiiii e, 22
2.5.3 Pushover Analysis With Sap2000............cccoviiiiiiiiei e, 22
2.5.4 Idealization of Pushover CUrVe............oooiiiiiiiiii e 23
2.5.4.1 FEMA-356 method (2000)........ccoiiiiriiiiiiei e 23
2.5.4.2 ATC-40 method (1996).......cuovininiiiiiiiee e 23
2.5.4.3 Paulay and Priestly Method (1992)..........ccooviiiiiiiiiieee, 24

2.5.6 Lateral load patterns. .........coooeeiniiniii e, 24
2.5.6.1 FEMA-356- lateral load pattern (2000)............c.coeivviiieeniinnen, 25
2.5.6.1.1 ‘Uniform’ Lateral Load Pattern...................cc.ocoeeeeiiiins 25

2.5.6.1.2 'Elastic First Mode' Lateral Load Pattern.......................... 25
2.5.6.1.3'Code' Lateral Load Pattern..............coooveiiiiiiiiiiiinienne. 25

2.5.6.1.4 'FEMA-356 (2000)' Lateral Load Pattern...............c.......... 25
CHAPTER 3 METHODOLOGY uuiuiuininininiiininiieieieseresesasasasnensnsasaees 27



00 - 10T Y/ 0 27

B 2 Frame DESIgN. ..., 31
3.2.1 Equivalent Lateral Load Analysis...........c.cooiiiiiiiiiiii e 31
3.2.2Gravity Load AnalysiS. .......coovriiniii e 33
323Material. ... ..o, 33

3.3 Analysis Methodology .........cooiniiriii e, 33
3.3.1 Plastic hinge definition.............ccoovuiiiiiiiii e, 33
3.3.2 Lateral load pattern. ........c.ooviniiii e 36

3.4 Verification Example ... 36
3.4.1 Properties of “A-3-3-PR” steel frame................ccoooiiiiiiii 36
3.4.2 Gravity Load AnalysiS........cooiniiriii e 37
3.4.3 Results of the “A-3-3-PR”......ooiiii 38

CHAPTER 4: RESULTS OF ANALYSIS .iitiuiiiiiiiiieiniieiesisesasnsoiiossssnsmenes 40

AL GENEIAL ..ot 40

4.2 ResUlts and DISCUSSION ........vintiri ittt e 42
4.2.1 Plastic hinges formation................oooiiiiiiiiiii e, 42
4.2.2 Seismic Response Modification Factor (R) .........ccocevevviiiiiiiinnn... 45
4.2.3 Overstrength Factor (Rs) ....ovovinviriieitiiii e e 61
4.2.4 Ductility Reduction Factor (Rp) «....ooveveniiiroiiieii e e 64
4.2.5 Fundamentals Period (T).......c.ooovriiiiiii e, 67

4.3 CONCIUSTIONS. . ...ttt e 73

CHAPTER 5: SUMMARY OF RESULTS AND CONCLUSIONS............... 74

ST GeNEIAL ... 74

5.1Summary Of RESUILS. ... e 74

5.2 CONCIUSIONS ...ttt 74

S.3FUMNEr WOIK. ...t e 75

REFERENCES.....iiiiiiiiiiiiiiiiiiiieiiiiitieterasasasasasssssssssssssssssnssmssssssmmm 76
APPENDEX A: Frame SeCtion PropPertieS...ceeeeereeeeeerereesarerecacansamescniiionsaniens 83
APPENDEX B: Tables of R-factor COmMpPONeNt....ccceeeeeiiereieeieiicnescncessenennn 103
APPENDEX C: PUSNOVEN CUNVE. . eiuiiniiaiieiietensenseesssnsonsesiosssmmsnsenseiossnsas 133



List of Tables

Table 2.1: R* & T* values proposed by authors Riddell, Hidalgo and Cruz............... 10
Table 2.2: a& Pcoefficients proposed by authors Lai & Biggs..........coeevviviiennn... 12
Table 2.3: a & b coefficients per strain-hardening ratio....................ccooeiviinenn... 13
Table 2.4: Basic value of response factor g0.............ccoooiiiiiiiii e 19
Table 2.5: Values of kp represent ductility class in Eurocode ................ccooeeeveen. 20
Table 2.6: Values of kr reflecting structural irregularity in elevation in Euro code ....... 20
Table 3.1: Denotes of Frame Naming............cooooiiiiiiii e 28
Table 3.2: Gravity Loads for “A-3-3-PR” Steel Frame by BAKIR (2006)................ 37
Table 3.3: Comparison between Results of BAKIR (2006) and Present.................... 38
Table 4.1: Denotes of Frame Naming............c.oooiiii i e 40
Table B.1: Calculated R Factors — “A-3-3. ... oo 103
Table B.2: Calculated R Factors — “A-4-37 ... 104
Table B.3: Calculated R Factors — “A-5-3" ... ..ot 105
Table B.4: Calculated R Factors — “A-3-6" .........coiiiiiiiiiiieeea 106
Table B.5: Calculated R Factors — “A-4-6". .......ccouiuieiiiiiiiiiiiiiiiee 107
Table B.6: Calculated R Factors — “A-5-6" .........coiiiiiiiiiiiii e 108
Table B.7: Calculated R Factors — “A-3-97. ... .o 109
Table B.8: Calculated R Factors — “A-4-97 ... ... 110
Table B.9: Calculated R Factors — “A-5-97 ... ..ot 111
Table B.10: Calculated R Factors — “B-3-3" .........oiiiiiiiiie e 112
Table B.11: Calculated R Factors — “C-3-3" ......ooiiiiiiiieee e 113
Table B.12: Calculated R Factors — “B-4-3" ..ot 114
Table B.13: Calculated R Factors — “C-4-3" ..o 115
Table B.14: Calculated R Factors — “B-5-3" ..ot 116
Table B.15: Calculated R Factors — “C-5-3" .......oiiiiiiii e 117
Table B.16: Calculated R Factors — “D-5-3"..........ccoiiiiiiiiiiiiiee e 118
Table B.17: Calculated R Factors — “B-3-6" .........couiuiiiiiiiiiii i 119
Table B.18: Calculated R FaCtors —“C-3-6" .........coiiuiiiiiiiiiiiieeeeeeeeee 120
Table B.19: Calculated R Factors — “B-4-6" .........cccoiiiiiiiiiiiiiiiiii 121



Table B.20:
Table B.21:
Table B.22:
Table B.23:
Table B.24:
Table B.25:
Table B.26:
Table B.27:
Table B.28:
Table B.29:
Table B.30:

Calculated R Factors — “C-4-607 ......oiiiiiie e 122
Calculated R Factors — “B-5-67 .......coiviiiiiiiii e 123
Calculated R Factors — “C-5-6" .......oiiiiiieeeeeece e 124
Calculated R Factors — “D-5-6". c.ccoeoviniiiiieeeee e 125
Calculated R Factors — “B-3-97.. .....iiriiiiieeee e 126
Calculated R Factors — “C-3-97. .....oiiriiie e 127
Calculated R Factors — “B-4-97 ... 128
Calculated R FActors — “C-4-9" ......oiiriiiii e 129
Calculated R Factors — “B-5-9" ..o e 130
Calculated R FActors — “C-5-9" .......oviriiiiiie e 131
Calculated R Factors — “D-5-9"........iiiiiiieece e 132

Vi



List of Figure

Fig. 2.1: Relationship between Response modification factor (R), structural overstrength

(Q), and ductility reduction factor (R .........oooviiriiiiiii e 6
Fig. 2.2: Plots of Ductility Reduction Factors Proposed by Newmark and Hall.............8
Fig. 2.3: Plots of Ductility Reduction Factors Proposed by Riddell and Newmark..........9

Fig. 2.4: Plots of Ductility Reduction Factors Proposed by Riddell, Hidalgo and Cruz10

Fig. 2.5a: Plots of Ductility Reduction Factors Proposed by Miranda...................... 11
Fig. 2.5b: Plots of Ductility Reduction Factors Proposed by Miranda..................... 11
Fig. 2.6: Plots of Ductility Reduction Factors Proposed by Lai and Biggs................. 12

Fig. 2.7: Plots of Ductility Reduction Factors Proposed by Nassar and Krawinkler.....13

Fig. 2.8 Idealized Force-Displacement Curve for Displacement Coefficient Method
(FEMABSB). .ottt e e 23

Fig. 2.9 Bi-Linear Idealized of Pushover Curve by ATC-40 (1996)...................uee.e. 24
Fig. 2.10 Bi-Linear Idealized of Pushover Curve by Paulay and Priestly Method........ 24

Fig. 3.1: Frame Type of Steel Structure for thisstudy..................cooviiiiiiiiin 29
Fig. 3.2: Direction of column and Release connection..................coeviiiiiinenininnnn. 29
Fig. 3.3: Model of Steel Structure for thisstudy..............oooiiiiiiiiiii 30
Fig. 3.4: Elastic response spectra, typel, ECP-201 (2012).......cciviiiiriiiiiiiianinns 32
Fig.3.5: Force versus displacement curve for default plastic hinge definition in
SAPZ000. .. .. ettt et et bt ab e be e ane e nre e e beenreas 34
Fig 3.6: properties cross section of “A-3-3-PR” steel frame by BAKIR.................... 37
Fig. 3.7: Pushover Curve of present StUdY..........ccovveiniiniiriii e 38
Fig. 3.8: Pushover Curve of BAKIR (2006)..........coviriiiiiiiiieiee e 39
FIg. 4. Frame Ty, .ottt e 41

Fig. 4.2: Plastic hinges formation at failure for 9-storeys frame with two case “A-3-9

DY Y -1 & A-B-0 LY Y 4] e 43
Fig. 4.3: Plastic hinges formation at failure for 9-storeys frame with two case “A-3-9
LY Y -2 & A-3-0 LY Y -3 e 43

Vii



Fig. 4.4: Plastic hinges formation at failure for 9-storeys frame with two case “A-3-9
XK1 & A-B-0 XK e 44

Fig. 4.5: Plastic hinges formation at failure for 9-storeys frame with two case “A-3-9
[XX-1]7 & “A-3-9 XX 44

Fig. 4.6: Response modification factor for frame “A-3-3” with all boundary
conditions...45

Fig. 4.7: Values of R-factor with all different boundary conditions for different height
for frames  “A-3-37, “A-3-6" & “A-3-07 ..t 46

Fig. 4.8: Values of R-factor with all different boundary conditions for different heights
for frames “A-4-37, “A-4-6" & “A-4-97. .o 46

Fig. 4.9: Values of R-factor with all different boundary conditions for different height
for frames  “A-5-3", “A-5-67 & “A-5-97. .. 47

Fig. 4.10: Values of R-factor with all different boundary conditions for different number
of bays for frames “A-3-37, “A-4-37 & “A-5-37. . i 47

Fig. 4.11: Values of R-factor with all different boundary conditions for different number
of bays for frames “A-3-6", “A-4-6" & “A-5-0". .. ..o 48

Fig. 4.12: Values of R-factor with all different boundary conditions for different number
of bays for frames “A-3-97, “A-4-9” & “A-5-97. .. 48

Fig. 4.13: Values of R-factor with all different boundary conditions for different number
of storey for frames “B-3-3", “B-3-6" & “B-3-9". ... .ot 49

Fig. 4.14: Values of R-factor with all different boundary conditions for different number
of storey for frames “B-4-3”, “B-4-6" & “B-4-07. ... . i 49

Fig. 4.15: Values of R-factor with all different boundary conditions for different number
of storey for frames “B-5-37, “B-5-6" & “B-5-9". .. ..ciiiiii 50

Fig. 4.16: Values of R-factor with all different boundary conditions for different number
of bays for frames “B-3-3", “B-4-3” & “B-5-3". ...t 50

Fig. 4.17: Values of R-factor with all different boundary conditions for different number
of bays for frames “B-3-6, “B-4-6" & “B-5-6". ........cciiiiiiiii 51

Fig. 4.18: Values of R-factor with all different boundary conditions for different number
of bays for frames “B-3-9, “B-4-9” & “B-5-97. ... .ot 51

Fig. 4.19: Values of R-factor with all different boundary conditions for different number
of storey for frames “C-3-37, “C-3-6" & “C-3-97. .. it 52

Fig. 4.20: Values of R-factor with all different boundary conditions for different number
of storey for frames “C-4-37, “C-4-6" & “C-4-9. . it 52

viii



Fig. 4.21: Values of R-factor with all different boundary conditions for different number
of storey for frames “C-5-37, “C-5-6" & “C-5-97. ... i 53

Fig. 4.22: Values of R-factor with all different boundary conditions for different number
of bays for frames “C-3-3”, “C-4-37 & “C-5-37. ..ottt 53

Fig. 4.23: Values of R-factor with all different boundary conditions for different number
of bays for frames “C-3-6, “C-4-6" & “C-5-6". ....coiiiiiiiiiii i 54

Fig. 4.24: Values of R-factor with all different boundary conditions for different number
of bays for frames “C-3-9, “C-4-9” & “C-5-97. ... i 54

Fig. 4.25: Values of R-factor with all different boundary conditions for different number
of storey for frames “D-5-3", “D-5-6" & “D-5-9". ... ..o 55

Fig. 4.26: Values of R-factor with all different boundary conditions for different frame
types Of “B-3-37 & “C-3-37 1 it 55

Fig. 4.27: Values of R-factor with all different boundary conditions for different frame
types Of “B-4-37 & “C-4-37 . 56

Fig. 4.28: Values of R-factor with all different boundary conditions for different frame
types of “B-5-3", “C-5-3" & “D-5-37. .. it 56

Fig. 4.29: Values of R-factor with all different boundary conditions for different frame
types Of “B-3-6" & “C-3-07. ... i 57

Fig. 4.30: Values of R-factor with all different boundary conditions for different frame
types Of “B-4-07 & “C-4-07. ... i 57

Fig. 4.31: Values of R-factor with all different boundary conditions for different frame
types of “B-5-6", “C-5-6" & “D-5-60". ...t 58

Fig. 4.32: Values of R-factor with all different boundary conditions for different frame
types 0f “B-3-9 & “C-3-07. .. i 58

Fig. 4.33: Values of R-factor with all different boundary conditions for different frame
types of “B-4-07 & “C-4-07. .. 59

Fig. 4.34: Values of R-factor with all different boundary conditions for different frame
types of “B-5-97, “C-5-9" & “D-5-9. ..ottt 59

Fig. 4.35: Values of R-factor for frame type A (with all strong axis of all column in X-
direction and Fixed column support type) & Frame type B................coooiiiiial. 60

Fig. 4.36: Values of R-factor for frame type A (with all strong axis of all column in X-
direction and Fixed column support type) & Frame type C.............ccooiiiiiiina... 60

1 Fig.4.37: Values of Overstrength factor with all different boundary conditions for
different number of storey for frames “A-3-3”, “A-3-6" & “A-3-9". .....coiiiiiiiiinnn. 61



Fig. 4.38: Values of Overstrength factor with all different boundary conditions for
different number of storey for bays “A-3-3”, “A-4-3” & “A-5-3". ... 61

Fig. 4.39: Values of Overstrength factor with all different boundary conditions for
different number of storey for bays “B-3-37, “B-3-6" & “B-3-9”. .........cciiiiiiiiiinn, 62

Fig. 4.40: Values of Overstrength factor with all different boundary conditions for
different number of bays for frame “B-3-3”, “B-4-3" & “B-5-3". .......coiiiiiiinn. 62

Fig. 4.41: Values of Overstrength factor with all different boundary conditions for
different number of storey for frames “C-3-3”, “C-3-6" & “C-3-9”. .........coveiniinnni. 63

Fig. 4.42: Values of Overstrength factor with all different boundary conditions for
different number of bays for frames “C-3-3”, “C-4-3” & “C-5-3". .....cooiiiiiiiininnn 63

Fig. 4.43: Values of Ductility reduction factor with all different boundary conditions for
different number of storey for frames “A-3-3”, “A-3-6" & “A-3-9. ... 64

Fig. 4.44: Values of Ductility reduction factor with all different boundary conditions for
different number of bays for frames “A-3-3”, “A-3-6" & “A-3-9. ...l 65

Fig. 4.45: Values of Ductility reduction factor with all different boundary conditions for
different number of storey for frames “B-3-3”, “B-3-6" & “B-3-9. ..o, 65

Fig. 4.46: Values of Ductility reduction factor with all different boundary conditions for
different number of bays for frames “B-4-3”, “B-4-3" & “B-5-3. ..., 66

Fig. 4.47: Values of Ductility reduction factor with all different boundary conditions for
different number of storey for frames “C-3-3”, “C-3-6” & “C-3-9. ........ccoviiiiininn 66

Fig. 4.48: Values of Ductility reduction factor with all different boundary conditions for
different number of bays for frames “C-3-37, “C-4-3” & “C-5-3". ......coiiviiiiiinnnn 67

Fig. 4.49: Values of Fundamentals period with all different boundary conditions for
different number of storey for frames “A-3-3”, “A-3-6” & “A-3-9”. .. ... 68

Fig. 4.50: Values of Fundamentals period with all different boundary conditions for
different number of bays for frames “A-3-3”, “A-4-3" & “A-5-3" ... 68

Fig. 4.51: Values of Fundamentals period with all different boundary conditions for
different number of bays for frames “B-3-3”, “B-3-6" & “B-3-9” ............cciiiiiii. 69

Fig. 4.52: Values of Fundamentals period with all different boundary conditions for
different number of bays for frames “C-3-37, “C-3-6" & “C-3-9”. ....cciiiiiiiiiiiinnnnns 69

Fig. 4.53: Fundamental Period vs. Ductility Reduction Factor (Ru), Overstrength Factor (Rs) &
Response Modification Factor (R) for Frame A-3-3 with boundary condition [XX]. ............. 70

Fig. 4.54: Fundamental Period vs. Ductility Reduction Factor (Rp), Overstrength Factor
(Rs) &Response Modification Factor (R) for Frame A-3-3 with boundary condition



Fig. 4.55: Fundamental Period vs. Ductility Reduction Factor (Ru), Overstrength Factor
(Rs) & Response Modification Factor (R) or Frame A-4-6 with boundary condition

Fig. 4.56: Fundamental Period vs. Ductility Reduction Factor (Ru), Overstrength Factor
(Rs) & Response Modification Factor (R)for Frame A-4-6 with boundary condition
DY X e e 71

Fig. 4.57: Fundamental Period vs. Ductility Reduction Factor (Ru), Overstrength Factor
(Rs) & Response Modification Factor (R)for Frame B-3-3 with boundary condition
DY Y o 72

Fig. 4.58: Fundamental Period vs. Ductility Reduction Factor (Ru), Overstrength Factor
(Rs) &Response Modification Factor (R) for Frame B-3-3 with boundary condition

DY X e 72
Fig. A.1: Cross-section member for frames “A-3-3" & “A-3-6".........ccoviiiiiinnn.n. 83
Fig. A.2: Cross-section member for frames “A-3-9”...........cccoiiiiiiiiiiiiiii 84
Fig. A.3: Cross-section member for frames “A-4-3" & “A-4-6"...........ccccveieninnnn.. 85
Fig. A.4: Cross-section member for frames “A-4-9” .........c.ociiiiiiiiiiiiiiiiienin 86
Fig. A.5: Cross-section member for frames “A-5-3" & “A-5-6”......... .cccovevevininnnn 87
Fig. A.6: Cross-section member for frames “A-5-9 ...........cccoiiiiiiiiiiiii 88
Fig. A.7: Cross-section member for frames “B-3-3” &“B-3-6"... ............cceoenennnn. 89
Fig. A.8: Cross-section member for frames “B-3-9”... ..., 90
Fig. A.9: Cross-section member for frames “B-4-3” & “B-4-6".... ........cccovviiinnnnn. 91
Fig. A.10: Cross-section member for frames “B-4-9"...... ......cocooiiiiiiiiiininininn. 92
Fig. A.11: Cross-section member for frames “B-5-3" & “B-5-6".........c....cccvevnn.n. 93
Fig. A.12: Cross-section member for frames “B-5-9"..........ccoiiiiiiiiiiiiiiiien, 94
Fig. A.13: Cross-section member for frames “C-3-3" & “C-3-6"..........cooeevenininn.n 95
Fig. A.14: Cross-section member for frames “C-3-9"...........ccoviiiiiiiiiiiiiinienne. 96
Fig. A.15: Cross-section member for frames “C-4-6"............ccoviiiiiiiiiniinininns 97
Fig. A.16: Cross-section member for frames “C-4-9"..........cccooiiiiiiiiiiiii e, 98
Fig. A.17: Cross-section member for frames “C-5-6"............cccceiiiiiiiiiiiniiniinnnn 99
Fig. A.18: Cross-section member for frames “C-5-9” ...........ccccooiiiiiiiiiiiiinin.n. 100
Fig. A.19: Cross-section member for frames “D-5-3" & “D-5-6"......................... 101
Fig. A.20: Cross-section member for frames “D-5-97...........c.ciiiiiiiiiiiiiiinn 102
Fig. C.1: Frame Type “B-4-9 [A-1]” Base Shear vs. Roof Displacement Diagram...... 133

xi



