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43.2.5 MarkGroup Menu

The MarkGroup ﬁxenu has two pull dbwn_ menu items: Beam Mark Groups and
Column Mark Groups. The Beam Mark Groups dialog box is shown in Fig. 4.9 and the
Column Mark Groups dialog box is shown in Fig. 4.10. The Add button in the dialog box
is for adding members to the mark group and Del button allows a member to be deleted
from the mark group. The Next buttdn is for ‘entering members to the next mark groﬁp.

The maximum number of mark groups is ten and the maximum number of the members in

a mark group is thirty.

Fig. 4.10 Column Mark Group Dialog Box
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4326 Design Menu

The Design menu has two menu items: DesignBeam and DesiggColundn.r When
DesignBeam is selected, the program designs all of the bear.ns‘in the structure using the
design process described in Section 4.2.5. Before designing the beams, the program first
checks to make sure that the structure type, load combinationé, and design parametérs for
each beam have been entered. If the necessary data has not be entered, message boxes are -
displayed to notify the usér (see Fig. 4.11).

When the DesiggColumn menu item is selected, the program designs all the
columns in the structure following the procedure described in Sectioﬁ 4.2.6. Message

boxes are displayed if the required data has not been entered.

Fig. 4.11 Message Box for Checking Design Parameters

43.27 Windows Menu

The Windows menu contains two items: Results and Display. The Results menu '

item has four pull down menu items: ShowBeams, ShowColumns, Show Next, Show
Previous. When the ShowBeams menu item is selected, a dialog box is displayed to allow
the user to specify the beam for which design results are to be viewed. Fig. 4.12 shows

the Beam Number dialog box. The ShowColumns provides a Column Nuniber dialog box |
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for selecting the column whose data are to be viewed. When Show Previous is selected or

the corresponding toolbar icon is clicked, the results of the previoue beam or column
member are displayed.

| Beani design results are shown in Fig 4.13. The design results shown are beam
length, selected W section and its properties, brace conditions, critical load combinatioﬁ,
and design moments and shear forces at the ﬁfteen equally spaced points along the beam.

| Column design results are shown in Fig. 4.14. The design results for the columns
ére length, W section selected and its properties, critical load combinatiom beta angle,
effective length factors and unbraced lengths, applied axial forces aﬁd moments, and

nominal flexural and axial strength of the column.

Fig. 4.12 Beam Number Dialog Box
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Member # 7 , Type= Beam Length= 30.00ft

Design Results: W21ix 58 E=29000.00 ksi
Total weight of beam= 1.50 kips Fy=36.00 ksi

| Nominal Strength:
i Moment: ©.9=Mn=297.08 kipft Shear: 0.9=Un=285.77 kips

Section Properties: W21x50:

area= 14.70 in"2 Ix= 984.8 in™4
d=28.830 in rx= 8.180 in
bf= 6.538 in sx= 94.58 in"3

Brace Condition: Laterally Supported

Load Combination Case For Design: 1.2xD+1.6xL

Section pistance Fron Design Moment
Humber

Fig. 4.13 Beam Design Results Window
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Member uv1 Type= Column

Length= 12.00ft

Design Results: W10x 60
Total weight of column= 8.72 kips

'E=29080.08 ksi
Fy=36.00 ksi

Section Properties: W16x60:

area= 17.60 in"2 Ix= 341.8 in™4
d=108.220 in rx= 4.398 in
bf=10.080 in - sx= 66.70 in"3

Iy= 116.8 in"4
ry=-2.570 in
sy= 23.00 in"3

: Orientation of Column:

Effective Length Factors:
Kx = 1.26 -
Ky = 1.36

- Beta Angle= 0.9

Unbraced Lengths:
Lx = 12.88 ft
Ly = 12.08 ft

Nominal Strength:

Fig. 4.14 Column Design Results Window

In this chapter, a description of the program was presented. The procedure used

for the design.(‘)f beams and columns was described. The operation of the program was

discussed and results obtained from the program were described.
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‘Chapter 5
Design Results and Discussions

5.1 Introductidn

The program developed in this project was evaluated by comparing the design
results obtained from the program for three test structures with a commercial prograni and
by hand calculaﬁoné. The first structure ié a four span continuous beam. The second
structure is a twﬁ bay, two story plane ﬁ'ame. The third stfuctqre is a tWo story space
frame. In this chapter, the design results are presented and compéred with those obtained
from DAST (Version 11.0) [DAS Consulting, Inc.], which is an integrated analysis and
desigh program running under vDOS. v The results of the hand verification for the first two

test structures are presented in Appendix C.

5.2 Continuous Beam
5.2.1 Geometry and Loading

The first test structure is a four span continuous beam. A W-section was selected
for each span. The geometry and loading are shown in Fig. 5.1. The exterior spans are
23.5 feet long, and the interior spans are 25 feet long. The exterior supports are pinhed,
and all interior supports afe roller supports. The loading on the beam includes two load

cases: dead load and live load. The dead load consists of an uniformly distributed load of
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2.52 kips/ft plus the weight of the beam. The live lqad consists of an uﬁifonhly distributed
load of 3 kips/ft and concentrated loads of 20 kips acting at the center of each span Two
load combinations are considered:

1)14D,

2)12D+16L.

5.2.2 Input and Output Files
The input data file, which is an output file from the CADKEY frame analysis

program, as well as the output file from‘the program are given in Appendix B.

523 Di>s¢F:ussionb of Design Results

A commercial program, DAST (Version 11.0), is used to verify the results. The
W sections selected by the progra;m and by DAST are shown in Table 5.1. From Table
5.1, it is seen that the results for both programs are identical. The design sections
obtained by hand calculations also support this cénclusion. Thé results of the hand

calculations are given in Appendix C.
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/@/ 1 /% - ¢ 4
| | | |
| 235 [ 25.0° [ 25.0° l 23.5 I
(a) Beam Geometry
Wd=2.0k/ft
Ve > /Q7 / 7
| | _ ~
| 23.5 ! 25.0° 25.0 235’
‘(b) Dead Load
P=20K P=20Kk . p=20k - P=20k
WI=3.0k/ft
/7C)—/‘ / Ve
| l ’ »
I 235 ' 25.0 S 235

(c) Live Load

Fig. 5.1 Continuous Beam
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Table 5.1 Design Results for Continuous Beam

Beam Number Program DAST
1 W24x104 W24x104
2 W24x104 W24x104
3 W24x104 W24x104
4 W24x104 W24x104

33  Two ‘Story Plane Frame
53.1 Geometry and Loading

Fig. 5.2 shoWs the two story‘ plane frame designed by the program. The first sfory
is 12 feet high, the second étéry is 10 feet high. The frame has two 30 feet wide bays.
The frame 1s a morhent reéisting unbraced frame. All supports afe ﬁxed and all other .
joints are rigid. For column design, the effective Vlengthufactors K for in-plane bending
were c'alculated by the method described in Chapter 3. The effective length factors ‘Kyv for
out-of-plane bending were taken equal to 1. |

Fig.5.3 shows the dead and live loads acting on.i:he frame. Two_’concentrated dead
loads of 23.5 kips are applied at 6ne vthi_rd points of each beam. The live load consists of
concentrated loads of 7.5 kips which are also applied at one third points. Fig. 5.4 shows

the wind loads acting on the frame.
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’ 8 6 16 9
2 4 6 10f
2 A 4
7 5 9 8
1 3 5 12 ft
. H . H L
777 /4 /7
le Jle R|
T T _ 1
30 fi 30 f
Fig. 5.2 Two Story Plane Frame
P = 23.5 kips dead load + 7.5 kips
P P P P
L N
Ve 7

'Fig. 53 Dead and Live Loads on Two Story Frame
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1.875 kips

4,125 kips

777 ' /4 ' 777

Fig. 5.4 Wind Loads on the Frame

The following load comﬁinations aré considered for the analysis and design:
- ()14D;

@12 D+16L;

3)12D+05L+13W;

where D = dead load, L = live load, W = wind load.
5.3.2 Input and Output Files
Appendix B shows the input data for the program, and the output obtained from

the program.

5.3.3 Discussion of Design Results
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A comparison of the beam and column sections obtained using the pfogfam with
those obtained using DAST is given in Table 5.2 and Table 5.3 respectively. The-resulté
were obtained by searching through all W-sections in the data file without specifying any
constraint on section selection. The beam sections given by both programs are identical.
The column sections differ slightly for Columns #2 and #6. For both cases, DAST gave a
slightly lighter section (W14x34 versus W12x40). ’Onevpossiblev reason‘ fé;' this difference

is that analysis results read in by this program are slightly different from those calculated

by DAST. For practical purposes, the slight difference »betWeen column design results

- from the two programs is not significant. The results of the hand calculations agree with

those obtained from the program, as shown in Appendix C.

Table 5.2 Beam Design Results for the Plane Frame

Member Number Program DAST

7 T W18x86 ~ WIBx86
s | W18x86 W18x86
5 - W18x86 = W18x86
10 W18x86 Wi
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Table 5.3 Column Design Results for the Plane Frame

Member Number : Program ’ .DAST
1 Wex31 - W8x31
2 T Wizxd0 W14x34
3 Wedl Wex31
4 - - W5x19 W5x19
5 e Wl W8x31
6 T W12x40 Wi14x34

5.4 Two Story Space Frame
54.1 Geometry and Loading

Figure 5.5 shows the two story space frame designed by the program. The height

from ground to first story is 12 feet, and from first story to second story is 10 feet. The

frame has two 30 feet by 30 feet bays. The total length of the structure is 60 feet and the

total width is 30 feet. All supporis are fixed and all other jbints‘ are ﬁgid. The frame is
considered as a rigid framé. The effective length factors K, Ky are calculated by the
program respectively. | The beta angles for all fhe columns are zero, which means that the

W section’s weak bending axis is parallel to the global X axis (Fig. 5.5).
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Figures 5.6 and 5.7 show the dead load and live load acting oﬁ the frame. The
_Wind loads acting on the left side wall and on the front wall are're'present‘ed by equivalent
joint loads shown in Figures 5.8 and 5.9. The following foﬁr load combinations were
considered in designing the structure: |

M14 D

()] 1.2D +16L

(3)1.2D+0.5L + 1.3 W (side)

(4)12D+05L+13W (ﬂont)

where D = dead load, L = live load, W = wind load.

-24 26 - ' ki
+ 18 20
: 12 14
| —23
8 10
) A7 /A
11 17 4 13 19
77 77
1 7 9
,/ Y 3
)/ A —_ ' /J;'
yl . Vs
7 30° 7" 30°

Fig. 5.5 Two Story Space Frame
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235k 235k 235k 235k

12K
0.6 k/ft
0.6 k/ft - — _
* L2 W/t

5 | | 0.6 1t

\ 4 N N

I y
0.6 k/ft
J,/77' L - 107 l _ 777
7 |
) —x s < P
Fig. 5.6 Dead Loads on Two Story Space Frame
| 75k 75k 15k 75k :
S : 0.6 k/ft o
0.25 k/ft ‘ l | 0.25 kit
H 0.6 K/ft l

: 0.25 K/ft

N \'

0.25 kit \7.7.4 l ' l 177 l
o -
/77 ................. —_ J77 /77

Fig. 5.7 Live Loads on Two Story Space Frame
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1.875k 375k 1.875k

4125k

, / 825k : /

t ,4.125k

i — ~ g

Fig. 5.8 Wind Loads (from Front) on Two Story Space Frame

1.875k

t

14.125k
1.875k

N Vs s4 177 777
4125k
o.‘; »
/A7 /4 777

Fig. 5.9 Wind Loads (from Side) on Two Story Space Frame
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542 Input and Output Files

Appendix B shows the input data file, and the output from the program.

5.4.3 Discussion of Design ReSults

The same structure was analyzed band des_ignéd using DAST. It is noticed that the
DAST (Version 11.0) gives accurate results for the (cvlesigri of beams, as well as the I
coiumns in a plane frame. However, the design results for columns in space frames
obtained from.DAST are not relivable. It does provide accurate results for the code check
for béth beams and columns. It checks kbeams or columns by dividing the elemenf into 10
sections and checking the required strengths ( such as axial Stfength and flexural strength)
at each section according to the LRFD criteria. It then determinesvthe critical section for
each element for the critical load combination. The‘ code check feature of the DAST
program was used for verifying column design results obtained by"the program of this

study.

5.4.3.1 Beam Design Results
Table 5.4 shows beam design results obtained from the program and from DAST.
It is seen that design results for most beams are the same. The only beams which had

different section sizes Wer_e beams 12, 14, 16. For these three beams, the difference in
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beam sizes were not significant. One possible explanation for the difference could be the

difference in analysis results.

5432 Column‘ Design Results
Table 5.5 shows the column design results obtained from the program. Table 5.6
shows the code check results obtained using DAST for the same column sizes as were

designed by the program. From Table 5.6, it is seen that the unity results for the

interaction functions H1.2 [LRFD 86] are close to 1(varying from 0.88 to 0.98) indicéting

that the columns aré well designed. The unity ratios for column No.1, 3, 5,17, 19, 21 are
slightly lower (around 0.88), but are still good enough fbr practical design. The reason for -
the lower ratio“ may be "due to slight differences in analysis results Between the CADKEY
énalysis program and DAST, or due to different procedures for determining_the required
ﬂexural strength‘ M based on second order analysis. The unity r#ti'os for the othé;
columns of the frame are greater than 0.9, which means the design results from this

program are economical.
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Table 5.4 Comparison of Beam Design Results for Space Frame

Beam Number The Program DAST
7 W 18x76 W 18x76
) W 1886 W 18x86
9 W 18x76 W 18x76
10 W 18x86 W 18x86
11 W 10x39 W 10x39
2 W 8x35 W 10x39
3 Wi2x58 Wi2xs8
14 "W 1253 W 12x58
15 W 10x39 W 10x39
16 W 8x35 W 10x39
23 W 18x76 W 1876
24 W 1886 W I5x36
25 W 18x76 W 18x76
26 ~W 18x86

W 18x86
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Table 5.5 Column Design Results

Cblqmn Numbef_ Design Results
n | W10x49
2 | W12x87
3 Wizx6s
i | T WI2x87
5 » “W10x49
6 W12x87
17 W14x48
T W12x87
19 ’ ‘W12x65
20 —Wizs7
T | ~Wideds
22 Wiz
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Table 5.6 Code Check by DAST for Column Design Results

Column Design Results from | Unity Ratio of H1.2 | Critical Load Combination
Number - | The prdgram | (LRFD) |
1 W10x49 0887 | 12D+0SLH13W |

2 W12x87 0.968 1.2D+1‘.6L‘ -

3 W12x65 0.896 T2D705LF13W
4 W12x87 0.972 12D+1.6L

5 W10x49 0.887 '1.v2>D+0.5L+1.3W |
6 W12x87 0.968 1.2D+1.6L

17 W14x48 03885 1.2D+1.6L

18 W12x87 0959 | 1.2D+1.6L

e W12x65 0.882 1.2D+1.6L

20 W12x87 | 0.975 1.2D+1.6L

21  W14x48 0.885 | 1.2D+1.6L

22 W12x87 0.959 | 1.2D+1.6L
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Chapter 6
~ Summary and Conclusions

The purpose of this study was to develop a program for the design of steel plane
frames and space frames using object oriented prqgrmmnmg techniques. This program
reads analysis rgsults from the output file of thé CADKEY frame analysis program and
designs beams and columns in the structure in accordance with the LRFD steelv design
specification [1986]. ‘.

For beam design, the program calculates moments and shear forces at fifteen
équally spaced sections along the beam under different load comBination cases. The
critical load combinatidn and design moments are determined. The beam can ’bé lateral
braced or unbraced. The locations of the brace points can be speclﬁed for each beam. The
lateral bracing for each beam is specified by the user. The beams are designed by finding
the W section which satisfies both the strength requlrement [LRFD 1986 Sec. F-l] and
least weight requirement. Similar beams can be assigned to a mark group and deslgned
with the same size.

The vprogram designs columns in accordance with the LRFD steel design.
Speciﬁcation section H1-2. ‘Both bracéd and unbraﬁed frames can be designed. Effective
length factors for each column are computed by solving the nomograph equation. The
program has the capability for considering second order analysis using the procedufé
provided in the LRFD specification. Columns can also be assigned to columxi mark
groups. The columns are designed to satisfy both the beam-column interaction equations

[LRFD H1-2] and least weight requirement.




The program was developed using object oriented programming approach. Both
the structural design and user interface were developed usiﬁg’ object oriented techniques.
The advantages of the object oriented approach are reflected in the program. The
program is easy to understand and debug since objeds in the program repreéents
corresponding objects in a real structure. The classes for structural design aspects are well
defined and 'organized using inheritance. The use of MFC [Microsoft Foundation
Classes] library saved considerable time and effort 1n developing the graphical user
interface. '

This study illustrates the use of the object oriented prqgrarhming for developing
steel structural design applications. Further work may. include: l)v Developing an
integrated program in which both structural analysis and design are included; 2).
Extending the program to include concrete design. 3) Considering other advanced and -

practiqal aspects of steel frame design such as "leaning" columns.
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Appendix A |
Class Definitions for the Program

7 In this Appendix, complete definitions of the classes used in this program are
presented. Structural classes are described first. This is followed by the interface classes
which include classes derived from the MFC application framework classes, such as the
classes for creating dialog boxes.

A Structural Classes:

1) Class Structure stores the description of the structure. It also contains the
definition of the data structure MembIncid for storing member incidences.

/ structur.h : Header file for Structure class

/
LHTTTTTETTITTI I iiiiiiriiiiinidriiiiieiiilieiieei

#ifldefined( STRUCTURE_H )

#define STRUCTURE  H_

struct MembIncid // member incidences
{ : ,
int MembNum; . // member number
int INum; : // start joint number of the member

int JNum; : // end joint number of the member
}i v _ .

class Structure : public CObject

public:
‘int strType;
// structure type, plane frame=0, space frame—l

private:

Cstring strNamé; // structure name

int frameType;

// structure type, braced frame=0, unbraced frame=1, braced
// in X direction=2, braced in Y direction=3 -

int numJoints; // total number of joints
int numMembers; // total number of members
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int numSupts; // total number of supports

int numPinSupts; // total number of pinned supports
int numFixSupts; '// total number of fixed supports
int numLoadCase; // total number of load cases,

int numLoadComb; // total number of load combinations’

float Width, Height, Length;

// total width (Z dir.), height and 1ength(x dir.) of

//the structure

protected:
DECLARE_SERIAL(Structure)

public:
//constructors
Structure ( );
Structure ( CString Name, int SType,
int Supts, int PinSupts,
adcase, int LoadComb);

// operations
" void SetStrData ( CString Name, int SType,
int Memb, int Supts,

int Joints,
int FixSupts,

int

int Joints,
int PinSupts,

int FixSupts, int Loadcase);

void SetFrameType ( int FType);

// set number of load combinations
v void SetLdComb (int LoadComb);

| // set frame tYpe

// set total length, width and height of the struture

void SetStrDim (float 1,

Cstring GetStrName( ) { return strName; };
int GetFrameType( ) { return frameType;};
-"int GetNumJoints ( ) { return numJoints;};
int GetNumMemb ( ) { return numMembers;}
int GetNumSupts ( ) { return numSupts; };
int GetNumLoadCase ( ) { return numLoadCase;
int GetNumLoadComb ( ) { return numLoadComb;
void GetSupts ( int pinned, int fixed );
void GetstrDim (float &1, float &wid, float

//serialize the data to disk file
virtual void Serialize(CArchive & ar);

}i
#endif // _STRUCTURE_H_

2) Class Joint stores joint data.

// joint.h : 1nterface of class "joint"

//////////////////////////////////////////////////////

float wid, float hgt);

-

St ot
e e

&hgt );

int Memb,

-



#if !deflned( JOINT H_)
#define _JOINT H_

struct displacement :
// stores joint displacements for different load cases

{

load case number _
displacement in X direction
displacement in Y direction
displacement in Y direction
Rotation in X direction
Rotation in Y direction
Rotation in Z direction

int LoadCaseNum ;
float dispX;
float dispY;
float dispZ;
float Rot_X;
float Rot_Y;
float Rot_3;

e e e Y
NN

Joint : public CObject

prlvate.
int JtNum;
float CoordX, CoordY, CoordZ; // joint coordinates
int JointType; // free=0, fixed=1, hinged=2
int X Restri; // restraint in x direction
int Y _Restri; ~ - J/ restraint in y direction
int R_Restri; // rotational restraint
int NumLoadCase; // loadcase number

publics
displacement *Dlsp,
// store joint dlsplacements under different load cases

protected: -
" DECLARE SERIAL(Joint)

public:

//constructor

Joint ( );

Joint ( int jtNum, float x, float y, float z, int JType,
int X Res, int ¥ Res, int R Res),

// operations

void SetJtNum ( int jtNum );

void SetCoord ( float x, float y , float z );

void SetJointType ( int JType );

void SetJointRes ( int X Res, int Y Res, int R_Res);

// set displacement array
void SetDispArray ( int NumCase);

// set Disp object Array

void SetDisp( int casenum, float dispx, float dlspy,’ :
float dispz, float rotx, float roty, float rotz );-

void GetCoord ( float &x, float &y, float &Z );

int GetJointType( ) { return JointType;};

void GetJointRes = ( int &X Res, int &Y_Res, int &R Res);
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public:
“Joint() ; - //destructor

//serialize the data to disk file
virtual void Serialize ( CArchive & ar );

}i

#endif // _JOINT H_

3) Class LoadComb stores load combination data.

//loadcomb.h: interface of LoadComb class

/////////////////////////////////////////////////////////
#ifldefined (_LOADCOMB H_

#define LOADCOMB  H

class LoadComb : public CObject

{
private: ' .
int i; // number of load cases
float *factor; // load factors
int *LoadCase; .
// Dbase load cases: live load, dead load
protected:
' DECLARE_SERIAL (LoadComb)
publlc.
//constructors and destructor
LoadComb( ); -
LoadComb ( int ii, float fact[ ], int Case[ ] );
“LoadComb ( );
void operator= ( const LoadComb &ldcomb );
//operations
void SetArrays ( int ii, float fact[ Js int Case[ 1 );
. //set arrays for storing load factors and each load cases
int GetNumCases ( ) {return i;};
// get the number of cases in a combination
void Getdémeata ( float fact[ ], int Case[ ] );
// get comb factors and load cases )
virtual void Serialize ( CArchive & ar )s
// serialize data to disk file
}i ‘
#endif //_LOADCOMB H
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4) Class Member stores the description of the members. It is a base class which stores
general information about a member. The Beam and Column classes are its derived
~ classes, which store specific information about a beam or a column.

//member.h: interface of class "member"

,/,//////////////////////////////////////////////////////

#if !deflned(_MEMBER;ﬂ;)
#define _MEMBER H_

#include
#include
#include
#include

"gstructur.h"
"joint.h"

"loadcomb.h"
"membload.h"

// Data structure used for storing sectlon properties of a W sect;on
struct aiscw ,

char dsn[3], deszgnatlon

float dn;
float wgt;

char jshape[3];

float a;

// nominal depth
// weight per foot
// Jumbo shape

// area
float d; ‘ :
float tw;
float bf;
float tf;
float xk;
~ float btf;
float fyp;
float htw;
float dtw;
float fypppl:;
" float fypppa;
int x1;
float x2;
float rt;
float daf
float ri;
float ra;
int nt;
float ix;
float sx;
float rx;
float iy;
float sy;
float ry;
float zx;
float zy;
float xj;
float cw;
float wno;
float sw;
float gf;
float qw;
float ro;
float h;

~e
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// Data structure MembEndForce for storing member end forces for
// different load cases

struct MembEndForce
‘int LoadCaseNum; ' : // base load case number

int JointA, JointB;
// two joint numbers of the member

float AxialForced;

float AxialForceB; // axial forces ‘
float ShearhAX, ShearAY, ShearBX ,ShearBY;' // shear forces
float MomAX, MomAY, MomBX, MomBY; // end moments
}; :

ﬁ//////////////////////////////////////////////////////////

mber.h: interface of Member class , which is the base class
// for both Beam and Column class

enum{ beam,column};

- class Member : public CObject

// bese class for Beam and Column class

{

// attributes
public:
int MembType; _
// member type : Beam=0 or Column=1

protected:
float Length; // member length

float Fy, E;
// steel strength and elasticity modulus of W-sections

CString WShape; :
// choice of design sections entered by user

Joint *JtA, *JtB; )
// two pOLnters to two end )oxnt objects

float Ix, Iy; ‘
// section property, fert read from lnput flle

Structure *myStr;
// pointer to structure object

MembEndForce *MembEndF; :
//array of struct MembEndForce objects

int NumCase;
// total number of load cases
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int DesignI;
// design result desxgned W sectlon 8 posxtzon in data file

v'float wdn;
// nominal depth of the desxgned W section

float weight;
// weight of designed W section

float a,d,sx,sy,rx,ry,bf,wgt; // W section data
// implementation

protected: :
'DECLARE_SERIAL (Member)

- public:
// constructors
Member { ); .
Member ( Joint *JointA, Joxnt *JoxntB, Structure *newStr );
"Member (); // destructor
- //operations

void Setwshapé'( CString shape );
// set W section restraints .
void  SetEFy ( float MemE, float memFy );

void SetLength ( float 1 );
// set length according to member's joint coordinates

void SetMemeorceArray ()
// set MembEndForce object arrays to store member end forces
// under different load cases

void SetMembForce( int CaseNum, int JA, int JB ,
float ForceA, float ForceB, float ShAX,
float shaYy, float sShBX, float ShBY,
float MoAX, float MoAY, float MoBX,
float MoBY);

// set moment of inertia of the member
void SetPropty ( float Ixx, float Iyy);

void GetPropty ( float &Ixx; float &Iyy );
float GetLength ( ) { return Length;};
void GetEFy ( float &e, float &fy ) ;

// get the selected W section's data

void GetResults ( float &al, float &d1l, float &sxl, float
&syl, float &rxl, float &ryl, float &ix,
float &iy, float &wdnl, float &wgtl, '
float &bfl);

// serialize member data to disk file
virtual void Serialize(CArchive & ar);
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;/////////////////////////////////////////////////////////////////////

/ interface of Beam class
class Beam : public Member

// attributes

private:
// number of sections for calculating moments ‘and shears
int numSection; .

// brace condition of the beam, O - lateral supported, 1 -
// several brace points, 2 - no brace po;nts except two ends
int BraceCond- :

int numPtlLd; // total number of point loads on a beam
int numUnild; // total number of uniform loads

int numLinLd; // total number of linear loads

/] array to store shear at each section on the beam for a
// load case
float *Shear;

// arrays to store moment at each sectlon on the beam for a
// load case
float *Moment;

// two dimensional arrays for storing total moments and
// shears for different load combinations

float **Mom Tot; -

float **Shear Tot;

// attributes about brace points
private:

// unbraced lengths between brace poxnts
float *Lb; v

’ // total number of internal brace points
int numBracePts;

float *BracePt; // array of brace positions
// moments at brace points for design

float *BraceMom;

//attributes for design reeults
float DesignMom; // maximum moment for deelgn
- float Designsh; // maximum shear for design

// location of maximum moment on the beam

77




int MaxJd;
int DesignComb; // critical load combination .

public:
‘aiscw wout;

//implementation
protected:
DECLARE_SERIAL (Beam)

public: ;
// constructors and destructor
Beam ( );
Beam ( int numSect, Joint *JointA, Joint *JointB,
' Structure *newStr); :
"Beam ( ); o

// operations

// set the number of sections
void SetNumSect( int numSect );

// set the number of point loads
void SetNumPtLd( int numPLd );

// set the number of uniform loads
void SetNumUniLd( int numULd );

// set Moment[ ], Shear[ ] arrays
-void SetArrays ( );

// set Shear Tot| ][.],bnom_Tot[ 1l ] arrays
void SetDoubleArrays ( ); '

// set brace condition : -
void SetBraceCond ( int BCond ); // set brace condition

- // set number of internal brace points.
void SetNumBracePt ( int numBracePt );

void SetBracePt ( float Braces|[ ] );
) // set brace positions
void SetUnbracedL ( ); : :
: // set unbraced length

// calculate moments and shears for a éiﬁgle case

// compute moments due to left end moment
void Cal _LtMom ( float LtMom );

// compute moments due to right end moment
void Cal RtMom ( float RtMom );
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// compute moments due to point load
void Cal_PtLd ( float p, float a );-

// compute moments and shears due to full or partial uniform
// load :
void Cal_Unild ( float w, float a=0, float b=0 );

// analyse the beam

// superlmpose factored moments, shears to corresponding
// positions in Mom Tot, Shear_ Tot srrays
void Impose( float fact, int CombNum);

// get load combination cases for point loads, uniform loads
// and linear loads. Calculate moments and shears under
// single load case and superimpose them. Store them in two-
// dimension arrays.
void Analyse ( LoadComb LdComb[ ]}, ConcLoad *PL4{ ] ,

_ UniLoad *UniLld[ ], LinearLoad *LiLd[ ] );

// find maximum moment and shear. Find critical combination
// case as design case and put its moments and shears in

// Moment[ ], shear[ ] arrays. Delete the double dimension
// arrays

void DesignForce ( );

// calculate moment at brace points
void SetBraceMom ( );

// design the beam

// compute Cb between brace points
void ComputeCb ( float Cb[ ] );

// compute the nominal strength of a trial W section

float ComputeMn ( float Lb, float Cb, float bf 2tf, float.
he_tw, int X1, float X2, float Sx, float
2x, float sy, float 2y, float ry );

// open “wdata.dat” data file to get W section
void OpenDataFile ( int i );

// design beam according to brace conditions and open data
// file to find required W sectlons. Check strength of tr1a1
// sections. -

void Design ( );
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void CheckShear(float A); ' //check shear strength

// return the depth and weight of designed W section
~void GetDesignSect( float &dn, float &wgt);

// get design moments and shears
void GetForces ( float mom{ ], £float sh[ ] );

int GetNumSect ( ) { return numSection;};
. int GetBraceCond ( ) { return BraceCond;};
int GetNumBrace ( ) { return numBracePts;};
void GetBracepts ( float brace[ ] ); ,
- int GetDesignComb ( ) {return DesignComb; };

//serialize beam data to disk file
virtual void Serialize(CArchive & ar);

///////////////////////////////////////////////////////////////////////

//lnterface of co umn class

class Column : public Member

{
// attributes
private:
float Ky, Kx; // effective length factors
float Lx, Ly; // unbraced length in x, y directions

// factors for computing required bending moment in both
// strong X axis and weak Y axis .
float B1X, BlY, B2X, B2Y;

// member end ‘moments under different load combznations
// about strong axis

float *MxA, *MxB;

float *MyA, *MyB; // about weak axis

// member end Ax131 Forces under different load combinations
float *Pu,

// cross section's posxtlon, Beta =0 weak axis in plane
-’/ Beta =90.0 weak axis off the plane . :
float Beta;

Cstring CaseNm{G]; // store load case name

// factored axial force under comb case contalnlng side
// wind load
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float WindPuX;

// factored axial force under comb case containing front
// wind load
float WindPuY;

'// critical comb. case for column design
int DesignComb;

// Factored member end forces correspondxng to the crltical
// combination case
float Mx1l, Mx2, Myl, My2, P;

float Mnxx, Mnyy, Pnn; // nominal strengths

'publicz

aiscw wout;

//implementation
protected.

DECLARE SERIAL(COlumn)

publlc:' .
/ /constructors _
Column ( ); // default constructors
Column ( Jo;nt *JoxntA, Joint *JointB, Structure *newStr );
~Column ( ); _ // destructors
//operations .
void SetKxLx ( float kx ); //set Kx, Lx, Lx = Length
void SetKyLy ( float ky ); //set Ky, Ly, Ly = Length

// set MxA[ ],MxB[ ],MyA[ '], MyB{ ],Pu[ ] arrays under
// different load combination cases =~
void SetCombEndForce ( LoadComb LdComb[ 1 ):

void SetCaseName (char casenm[61[25] )i,
void SetB2 (float b2x, b2y ); //set 32

b// calculate axial strength of the column
‘float ComputePn(float ag, float rx, float ry);

i calculate flexual strength of the column about atrong
// axis
float COmputeMn ( float ml, float m2, float bf _2tf, float
hc_tw, int X1, float X2, float sx, float
Zzx, float Sy, float 2y, float ry )i
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// calculate flexual'strength of the column about weak'axis
float ComputeMny ( float bf_2tf, float Zy );

1/ calculate Euler Load
float CalPe(float a, float rx, float ry),
void GetDesignSect(float &dn, float &wgt) ;

" // open “wdata.dat” data file to get W sectxon
void OpenDataFile( int i );

// design the column acoordlng to znteractlon equations and
// least weight requirement
void Design ( LoadComb LdComb[ ] );

// get critical combination case
int GetbDesignComb ( ) - { return DesignComb;};

// return Kx, Lx, Ky, Ly o :
void GetKL ( float &kx, float &ky, float &lx, float &ly );

// return des;gn end forces
void GetDeSLgnForce ( float &mxl, float &mx2, ‘float &p ),

// return nominal strength .
void GetStrength ( float &mnx , float &pn );

// return beta values :
.float GetBeta ( ) { return Beta; }

v // get axial force under comb case containing wind load
.// cases
void GetwlndPu ( float &pux, float &puy ):

// serialize data to disk file o
virtual void Serialize ( CArchive & ar );

i _
#endif //_MEMBER H_

5) Load classes include classes for joint load and member loads. Classes for member
loads consist of the base class MembLoad, and the derived classes ConcLoad,
‘UniLoad and LinearLoad.

jointld.h: header file for JointLoad class

1/
///////////////////////////////////////////////////////

#if !defined (_JOINTLD H )
#define _JOINTLD_H_

class JointLoad : public CObject
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prlvate. ;
‘int LoadCaseNum; // base load case number
int JointNum; // joint number
int dir; // direction of load, xdir =0, ydir=1
int forceType; // force=0, moment=1l
float JtLoad; // joint load
float JtMomLd; // joint moment load

protected.
DECLARE_SERIAL( JointLoad )

public:
~ // constructor
JointLoad ( );

JointLoad ( int CaseNum, int JtNum, int direct, int £, float

Load, float MomLd );
“JointLoad ( ) {}; . [/destructor

//operations v
void SetJointLoad ( 1nt CaseNum, int JtNum, int direct,
‘lnt £, float Load, float MomLd);

return JointNum;};
return dir;}; .
return LoadCaseNum; };
return Jtload;};
return JtMomLd;};

int GetJointNum ( )
int GetJointDir ( )
int GetCaseNum ( )
float GetJointLoad ( )
float GetJtMomLoad ( )

hy phey gy Ay oAy

public:

// serialize data to disk file
virtual void Serialize(CArchive& ar);

}i

#endif // JOINTLD H_

// membload.h: header file for MembLoad classes

////////////////////////////////////////////////////////////////
#1f ldefined (MEMBLOAD H )

#deflne _MEMBLOAD_H_

class MembLoad : publxc Cobject

{ ,
protected:
int LoadCaseNum; //bload case number
int MembNum; // wmember number
int LoadType; l/ concload—O, uniload=1, linearload =2
protectéd:

.// for serialization only
DECLARE_SERIAL( MembLoad )
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publlc.
// constructor and destructor.
MembLoad ( ):
MembLoad (. int CaseNum, int MemNum, int LType )s
“MembLoad ( ) {};

// operations - S ,
void SetMembLoad ( int CaseNum, int MemNum, int LType );
int GetCaseNum ( ) ; o v : ’

int GetLoadType ( ) { return LoadType;};

int GetMembNum ( ) { return MembNum;};

// serialize data to disk file
virtual void Serialize CArchive & ar ),

/////////////////////////////////////////////////////////////////

class Concload : public MembLoad

{

private:

float PtLoad; // concentrated load
float PDist; // dlstance from left end of the beam

protected:

// for serialization only
DECLARE_SERIAL (ConcLoad)

publlc.

// constructor and destructor

ConcLoad ( );

ConcLoad ( float PLoad, float Dist, int CaseNum,
int MemNum, int LType),

“ConcLoad ( ) { };

// operations
void SetConcLoad ( float Pload, float Dist );
void GetConcLoad ( float &PPLoad, float &DDist );

// serialize data to disk file
virtual void Serialize ( CArchive & ar );

/////////////////////////////////////////////////////////////////

class UniLoad : public MembLoad
{
private:
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float WLoad; // intensity of uniform load

float aPos; // start point of uniform load
float bPos; // end point of uniform load
protected:

/] for serlalization only
DECLARE_SERIAL(UniLoad)"

public:
// constructor ‘and destructor
Uniload (),

// constructor for uniform load over entlre length of the
// beam
Uniload ( float w, Lnt CaseNum, int MemNum, int LType ),

// constructor for partlally uniform load :
UnxLoad ( float w, float a, float b, int CaseNum,
- int MemNum, int LType);

“UniLoad ( ) {}:

// operations _ ’ :
void SetUniLoad ( float w, float a, float b );

float GetUniLoad ( ) { return WLoad;};
void GetPosition ( float &a, float &b );

// serialize data to disk file’

virtual void Serialize( CArchive & ar); -

/////////////////////////////////////////////////////////////////

class LinearLoad : public MembLoad

{

private:
float Triloadl;
float TriLoad2;
float TDistl;
float TDist2;

intensity of load at start
intensity of load at end
start point of linear load
end point of linear load

e
e e

protected:

DECLARE SERIAL ( LinearLoad )
// for serilization only

publlC°
// constructor and destructor
LinearLoad ( );: ' '
LinearLoad ( float TLoadl, float TLoad2 float Distl, float
Dist2, int CaseNum, int MemNum, int LType);
“LinearLoad ( ) { },

1/ operations
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void SetLinearLoad ( float TLoadl, float TLoad2, float
Distl, float Dist2 ); ‘

void GetLinearLoad ( float &TLoadl, float &TLoad2, float
&Distl, float &Dist2 );

virtual void Serialize ( CArchive & ar );
‘ // serialize data to disk file
}i '

#endif //_MEMBLOAD H_

B. In}térfa'ce Classes

‘ Interface classes include MFC apphcatlon ﬁ'amework classes and classes for
creatmg and managmg dlalog boxes. '

'1) CMainFrame class. Class for the main application window.

 ;; mainfrm.h : interface of the CMalnFrame class
;///;///////////////////////////////////////////////////////////////////

class CMainFrame : public CMDIFrameWnd

{ .
DECLARE_PYNAMIC(CMainFrame)

public:
CMainFrame();

// Attributes
publics

// Operations
public:

// Implementatlon
public:
-wvirtual CMalnFrame( ):
#ifdef DEBUG
virtual void Assertvalid( ) const;
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virtual void Dump ( CDumpContext& dc) const;

#endif v

protected: // control bar embedded members
CStatusBar m_wndStatusBar;
CToolBar mendToolBar;

// Generated message map functions
protected:
: //{{AFX_] MSG(CMaanrame)
afx msg int OnCreate(LPCREATESTRUCT 1pCreateStruct),

' DECLARE_MESSAGE_MAP()
}:

'2) cSteelfmApp class. This is the application class.

// steelfm.h : main ﬁeader file for the STEELFM application
%////ﬁ////////////////////////////////////////////////////////////////

#ifndef _ AFXWIN H _ o
#error include 'stdafx.h' before including this file for PCH

#endif
#include "resource.h" // main symbols ,
;%ﬁ///////////////////////////////////////////////////////////////////

// CSteelfmApp:
// See steelfm.cpp for the lmplementatlon of this class

//

class CSteelfmApp : public CWinApp

{
public:

csteelfmApp(),

// Overrides
virtual BOOL InitInstance ( );

// Implementation
// {{AFX_MSG(CSteelfmApp)
afx msg void OnAppRbout();

DECLARE_MESSAGE_MAP ( )
}i

5 ﬁ/]/////////////////////////////////////////////////////////////////
CSteelfmDoc class. This class stores, maintains, and processes all data in the
ogram.

\—l\\

3
p

=

87




steeldoc.h : intérface of the CSteelfmDoc class

//
//
5;5;;///////////////////////////////////////////////////////////////////
#include "member.h" :

#include "jointld.h"

const Lnt‘NUMLINES = 60;

// number of lines stored in document

const int MARGIN=15; // margin for dlsplaying information
class CSteelfmDoc : public CDocument

{ L

protected: // create for serialization only

CSteelfmbDoc ( );
DECLARE_DYNCREATE ( CSteelfmDoc )

// Attrlbutes

public: ‘ _ .

' CString AFlleName, // analysis file name
Cstring strName; . // structure description
int strType; // structure type, 0—plane frame, l-space frame
int frameType; // frame type

// modulus of elasticity and yield strength of steel
float E, Fy;

l/ pointérs for storing beam numbers and column numbers
int *BmIndex, *CollIndex;

int NumBeam, NumCol; // total number of beams or columns-
int NumMemb; // total number of members

int NumLdComb; // number of load combination cases
char CaseName [ 6 ][ 25 ]; // load case name = -

int NumLoadCase; / number of load cases

//string afray to store the lines shown in the view window
CString mLineTable[NUMLINES];

// check current ID for showing document data or. graphlcs
UINT CurrentTool; :

// choice for displaying results or dlsplaylng graphlca
int DrawFlag;

protected:
// data for load combinations
BOOL combl,comb2, comb3, comb4,comb5, comb6;

// counter for'loadcomb dialog box
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int count;

int BmNum; .  // currently selected beam number
int ColNum; - // currently selected column number

// data for setting beam mark groups
int BeamGroup([10](30}; // set beam mark groups
CString BeamList([10]; strings for storing beam:list in beam
s mark group dialog box
number of beam groups selected
count times of opening beam dlg box
number of members in each group

int NumGroup;
int ctmk;
int NumList[10];

NSNS

mark groups
set column mark groups '
strings for storing column list in

n
int ColGroup[10](30]; /
/
/ column mark group dialog box
/
/

CStrlng ColList[10]};

number of colmn mark groups
number of columns in each group

int NumColGroup;

/
/
/
/
/
// data for setting colum
/
/
;
int NumColList[10]; /

protected:
' Structure theStr; // object of the structure‘class
// objects of CObArray class for storlng object arrays of member

// objects and. joint objects
CObArray MembArray, JtArray;

// objects of CObArray class for storing object arrays of member
// uniformload, point load, linear load and joint load objects
CObArray ULdArray, CLdArray, LiLdArray, JtLdArray;

// object array for storing objects of member incidences
MembIncid *MIncid;

// object array for storing loadcomb objects
LoadComb *LdComb;

public:
// Operations _ _
void ReadAnlFile ( ): , ‘ // read analysis file

/7 calculate effectlve length factor kx and ky for columns
-void Ccal_K ( );

// calculate B2 factor for sxdesway consideration ln x and y dir.
. void Cal_B2();

// initialize data in document-
void InitDocument ( );

// delete dynamically created objects and arrays
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void DeleteContents ( );

void SetBmGroup (int CriticMem|[ ] );

// determine critical member in the beam group
// determine critical member in the column group
void SetColGroup ( int CritiMem[ ] );

/7 create output strings for showing results
void BeamOutput ( int MembNum );

// create output strings for showing results
void ColOutput (lnt MembNum );

public:

void Draw(CDC *pDC); // draw graphics

// Implementation
public:

virtual ~CSteelfmDoc( );
virtual wvoid Serialize(CArchive& ar);

// overridden for document i/o.
#ifdef _DEBUG
virtual void AssertValid( ) const;
virtual void Dump(CDumpContext& dc) const;
.CMemoryState oldstate, newState,diffState;
~ #endif ‘ :

- protected:

virtual BOOL OnNewDocument ( )s.

virtual BOOL OnOpenDocument (const char* pszPathName),
virtual void OnCloseDocument ( );

// Generated message map functions

protected:
//{{AFX_MSG(CSteelfmDoc)
afx _msg void OnBeampara ( );
afx _msg void OnColumnpara ( )
afx msg void OnStrfeature ( )
afx msg void OnDesignbm ( );
afx msg void OnLdcombcase ( );
afx_msg void OnDesigncol ( );
afx | _msg void OnShowbeam ( );
afx | - msg void OnShowcol ( );
afx | _msg void OnUpdateShowbeam (CCmdUI* pCmdul) ;
afx_msg void OnUpdateShowcol (CCmdUI* pCmdUI);
afx_msg void OnDisplay ( );
afx_msg void OnNext ( );
afx_msg void OnPrev ( );
afx_msg void OnBeamark ( );
afx | _msg void OnColmark ( };
//}IRFX_Mse
DECLARE_MESSAGE MAP( )

- we
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}
,
/

ﬁﬁ///////.///////////,////////////////////////'///////////_////////'//////

4) csteelfmView class. This class is responsible for displaying document data in the
view window.

’/; steelvw h : interface of the CSteelfmView class »
ﬁ//////////////////////////////////////////////////////////////////////

class CSteelmeiew ¢ public cScrollview
A ‘ '

protected: l/ created for serializatlon only -
CsteelfmView(); :
DECLARE_DYNCREATE(CSteelfmView)

// Attributes
public:
' CsteelfmDoc* GetDocument();

// Operations
protected: :
vxrtual void OnUpdate {CView* pSender LPARAM lHint,CObject*
pHint);
v1rtual void OnInitialUpdate ( );

// Implementation

" public:

virtual ~CSteelfmView ()

virtual void OnDraw ( CDC* pDc }:

// overridden to draw this view

virtual void OnPrlnt(CDc *pDC, CPrintInfo * pInfo),
#ifdef DEBUG

virtual void AssertValid () const;

virtual void Dump  (CDumpContext& dc) const;
-#endif ‘

proteeted:

// Printing support

virtual BOOL OnPreparePrxnthg(CPrlntInfo* pInfo);

virtual void OnBeginPrinting(CDC* pDC, CPrintInfo* pInfo);
virtual void OnEndPrinting(CDC* pDC, CPrintInfo* pInfo);

// Generated message map functions

protected:
//{{AFX_MSG(CSteelfmView)
afx_msg “void OnOpenAnlflle(),
//}YYAFX_MsG : ,
DECLARE_| “MESSAGE MAP()
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#ifndef _DEBUG // debug version in steelvw.cpp
inline CSteelfmDoc* CSteelfmView:: GetDocument( ) .

{ return (CSteelfmDoc*)m_pDocument; }
#endif : ' '

;ﬁﬁ////////////////_////////////////'///////////////////////////////////

5) Dialog classes for creating dialog boxes.

1) BeamMark class manages‘ the beam mark group bdialog box.

eammark h : header file

)

b
5//////////////////////////////////////////////////////////////////// |
beamMark dialog

5.
/
/
/1
1111/
/

/
/
/
/
/

class BeamMark H public CDhialog

// Construction
public:
beamMark(CWnd* pParent = NULL); - // constructor

// Dialog Data :
//{{AFX_DATA(beamMark)

~enum { IDD = IDD_BEAMGROUP };
CEdit m_ MemStr; : »
CComboBox m MemCombL;st,
//}}AFX _DATA

int *BeamInx; -// beam index

int ‘NumBeam; // number of beams

int BmNum; A // beam number chosen

Cstring m_GroupList[10]); // list of members in mark group
int GroupNum; . // group number '

int ind; , :

int numgroup; // total number of mark groups

// total number of beams in each mark group
int NumList[10];

// Implementation
public: :
void SetCombList(int bmInx[]);
void InitMembList();

protected:
‘ vxrtual void DoDataExchange(CDataExchange* pDX) ;

// Generated message map functions
//{{AFX_MSG(beamMark)
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}:

afx _msg void OnClickedAddnum();
afx | _msg void OnClickedDelnum();
afx_msg void onClickedNext();
afx _msg void OncllckedPreVLOus(),
virtual void OnOK();

- virtual BOOL OnInitDialog();
//}}RAFX_MsG :
DECLARE_MESSAGE MAP( )

5.2) BmNumDlg class manages the dialog box for the selectlon of the beam for which
results are to be dlsplayed .

// bmnumdlg.h H header file

////////////////////////////////////////////////////////////////////

//
//
1/
// BmNumDlg dialog

class BmNumDlg : public CDialog

// Construction »
public: ' ' .
BmNumD1g (CWnd* pParent = NULL); // constructor

// Dlalog Data
//{{AFX_DATA (BmNumD1g)
enum { IDD = IDD BEAMNUM };
CComboBox m_BeamList;
//}}AFX_DATA

int *BeamInx; // beam index

int NumBeam; _ // number of beams
int BmNum; // beam number chosen

// Implementation

public:
void SetCombList ( int menx[ 1)
void InitMembList ( );

protected:
virtual void DoDataExchange(CDataExchange* pDX);
_ // DDX/DDV support

" '// Generated message .map funct;ons
//{{AFX_MSG(BmNumDlg)
afx_msg ~void OnSelchangeMember(); _
virtual BoOL OnInltDlalog(), '
//}}AFX_MSG- : '
DECLARE MESSAGE MAP()

5.3) BmParaDlg class manages the beam parameters dialdg box.

// bmpara.h : header file

A
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111/
i ,
// BMPARADLG dialog
class BMPARADLG : public Chialog
{ .
// Construction
public: _
BMPARADLG (CWnd* pParent = NULL); - // constructor
“BMPARADLG(); : // destructor

// Dialog Data
// {{AFX_DATA (BMPARADLG)
enum { IDD = IDD_BEAMPARA };
CComboBox m_MembComb ;
float m_E;
float m _Fy;
int BraceCond;
int  NumBrace;
Cstring WShape;
//}}AFX_DATA - - :
float *Bracepts; // positions of brace points
int *BeamInx; // beam index array
int NumBeam; // number of beams
int BmNum; // beam number chosen

// Implementatlon

publlc'
void SetCombData (int bmInx[ ] ),
void InitMembList ( );

protected: ‘
virtual void DoDataExchange(CDataExchange* pDX);

// Generated message map functions
//{{AFX_MSG (BMPARADLG)

afx_msg ~void OnChangeNumbrace();
afx | _msg void OnBracepts();

virtual BOOL OnInitDialog();

afx msg void OnSelchangeMember(),
//}Y}YRAFX_MsG

DECLARE MESSAGE _MAP()

)i

5.4) BracePos class manages the brace position dxalog box for entering position of
lateral bracing.

9

;//////'/'////////‘/_/////_///////////////‘///'/////_/////////////////////// ‘

;/ bracepos.h : header file

/
'ﬁ;ﬁ/////////////////////////////////////////////////////////////////// B
// Bracepos dialog




class Bracepos : public CDialog
{

// Construction
public:

int m_BraceNum;
Bracepos (CWnd* pParent = NULL); // constructor

/7 Dlalog Data
: //{{AFX ] DATA(Bracepos)
enum { IDD = IDD_BRACEPOS };
float m Dist;

//}}AFX_DATA

// Implementation
protected:
- v;rtual wvoid DoDataExchange(CDataExchange* pDX),

// Generated message map functlons
//{{AFX_MSG (Bracepos)

virtual BOOL OnInltDLalog(),
//}}AFX_MSG

DECLARE_] ~MESSAGE _MAP()

5.5 ) Co leDlg class manages the column mark group dlalog box for entermg column
mark groups.

// colmkdlg.h : header file
/1l
;5;5;///////////////////////////////////////////////////////////////////
// ColMkDlg dialog »

‘class cOlenlg'z publichDialbg‘
{ o

// Construction

_ public:

COleDIg(CWnd* pParent = NULL); // standard constructor

// Dlalog Data
//{{AFX_DATA( COleDlg)
enum { ibp = IDD COLMARK },
CComboBox m MemComb,‘
CEdit m COlLlSt,
//}}AFX DATA
int *CollInx; .
int NumCol;
int ColNum;
Cstring m_GroupList[10];

column index

number of columns
column number chosen
list of the members

S S e
NN
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int GroupNum; // group number

int ind; o )

int numgroup; ‘ // total number of mark groups
int NumList[10];

// total number of columns in each group

// Implementation

public:
void SetCombList(int colinx [ ] );
void InitMembList ( );

protected:
virtual void DoDataExchange(CDataExchange* pDX);
// DDX/DDV support

// Generated message map functlons
//{{AFX_MSG(ColMkDlg)
virtual BOOL OnInitDialog(); -
afx_msg void OnClickedAddnum()
‘afx | _msg void OnClickedDelnum()
‘afx | _msg void OnClickedNext();
afx_msg void OnClickedPrevious();
virtual void OnOK();

//}}AFX_MSG

DECLARE_MESSAGE_MAP ()

.
r
.
4

5. 6 ) ColNumDlg class manages the d1alog box for selectmg the column for whxch
results are displayed.

colnumdlé.h : header file

/////////////////////////////////////////////////////////////////// ‘

//
/1
11/
/1]
// 1NumDlg dialog

/
/.
o]

QS

class ColNumDlg : public CDialog

// construction
public: S
' ColNuleg(CWnd* pParent = NULL); // constructor

// Dialog Data
//{{AFX_DATA(ColNumDlg)
enum { IDD = IDD_COLNUM };

- CComboBox m_ColList;
//}}AFX_DATA

int *Collnx; : //'column'index
int NumCol; // number of columns

int ColNum; ' // column number chosen

// Implemenﬁation
public:
“void InitMembList();
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void SetCombList ( int cInx[ ] );

protected:
virtual voxd DoDataExchange(CDataExchange* pDX) ;

// Generated message map functions
//{{AFX_MSG(ColNumDlg)

virtual BOOL OnInitDialog();

afx msg void OnSelchangeMember();
//}}AFX MSG

DECLARE_MESSAGE_MAP ()

5.7) ColParaDlg class manages the dialog box for entering column data.

colpadlg.h : header file

//////////// /////////////////'//////////////////////////////////////

//
//
11/
11/ ,
/7 lparadlg‘dialog

/
/
o

QN

‘class Colparadlg : public CDialog
{ . ,
// Construction’
_public: '
Colparadlg({CWnd* pParent NULL);  // constructor
~“Colparadlg(); ' '
// Dialog Data
//{{RFX_DATA(Colparadlg)
enum { IDD = IDD_COLPARA };
CComboBox m_Memlist;
float m_E; -
float m Fy, .
‘¢string m_Wshape;
float 'm Beta;
//}}AFX DATA
int *ColInx; ' ‘ _
int NumCol; // number of columns

int ColNum; // column chosen
public:

void InLtMembLlst(),
void SetCombList(int cInx[]);

// Implementation
protected:
virtual void DoDataExchange(CDataExchange* pDX);
// DDX/DDV support

// Generated message map functions
//{{AFX_MSG(Colparadlg)

virtual BOOL OnInitDialog();
afx_msg void OnSelchangeMember();
//}YIAFX_MSG
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DECLARE_MESSAGE_MAP()

58) cCombLdD1g class manages the load combmatlon dlalog box.

combdlg h ¢ header file

////////////////1///////////////////////////////////////////////////

/1
//
17/
11/ ;
// ombLdDlg dialog

/
/
c

QSN

class CCombLdDlg : public CDialog

// Construction
public: o

CCombLdDlg (CWnd* pParent = NULL); // standard constructor
~CCombLdDlg ( ); : :

// Dialog Data
//{{AFX_DATA (CCombLdD1g)
enum { IDD = IDD LOADCOMB };
CListBox m_CaseList;
BOOL  m_Combl;
BOOL ‘m_Comb2; -
BOOL m_Comb3;
BOOL m_Comb4;
BOOL m_Comb5;
//}}AFX_DATA
CString CaseName[6]; /
int NumLoadCase; /
int ct; /
int NumLoadComb; : /

/ load case names

/ number of load cases " shown 1n 115t box
/ count number

/ number of load combination cases chosen

// Implementation

public:
void InxtCaseLxst(),
void SetCombCase();

protected'
virtual void DoDataExchange(CDataExchange* pDX),
: 11 DDX/DDV support

// Generated message map functions
// { {_RFX_MSG (CCombLdD1g)
virtual BOOL OnInitDialog();
afx msg void OnClickedCombl (
afx msg void OnClickedComb2 (
afx msg void OnClickedComb3(
(
(

afx msg void OnClickedComb4
afx msg void OnClickedComb5
“virtual void OnOK();
//}}AFX_MSG
DECLARE_MESSAGE_MAP()

N i Nt St St
we Wo We W o
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) StructD lg class manages the structure data dlalog box:

strucdlg.h : header flle

///////'////////////////////>//////////////‘//////////////////////////

5.9
/
/
/
/
/ ructdlg dialog .

/
/
111/
i
/ st

- class Structdlg : public CDialog

// Construction
‘public: S : .
Structdlg(CWnd# pParent = NULL); // constructor

// Dialog Data
© //{{AFX_DATA( Structdlg)
enum { IDD = IDD _STRUCTURE }; :
int m_StrType;” //structure type
cstring ‘m_StrName; © J/structure name
//}}AFX_DATA o

// Implementation
protected: :
virtual void DoDataExchange(CDataExchange* pDX);

// Genherated message map functlons
-/ /{{AFX_MSG(Structdlg)

//}}AFX_MSG
DECLARE_MESSAGE_MAP()

’};’
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Appendix B
Input and Output Files for Test Problems

| In this Appendix, the input and output files for the three test problems discussed in
Chapter 5 are provided. The first test structure was a continuous beam whilé the second
test problem was a two story plane ﬁ'arné. The thu'd test stfucture was a twd story space
frame. Theﬁ input and oupt ﬁles for the continuous beafn are presénted first, followed by

those for the two story plane frame, and the two story spaée frame.

B.1 Input and‘Output Files for Continuous Beam

B.1.1 Input File for Continuous Beam

STRUCTURE Continuous Beam - Test Problem 1
TYPE CONTINUOUS BEAM '

METHOD STIFFNESS

TABULATE ALL

NUMBER OF JOINTS 5
NUMBER OF MEMBERS 4
NUMBER OF SUPPORTS S
NUMBER OF LOADINGS 2

NUMBER OF LOAD COMBINATIONS 1
JOINT COORDINATES
1 0.000 0.000
2 282.000 0.000
3 582.000 0.000
4 882.000 0.000
5 1164.000 0.000
MEMBER INCIDENCES

nhnhnon

1l 1 2

2 2 3

3 3 4 '
4 5 ' -

4
MEMBER PROPERTIES PRISMATIC

1 AX IZ 30.6 3100.00

2 AX 1Z 30.6 3100.00

3 AX 1z 30.6 3100.00

4 AX IZ 30.6 3100.00
CONSTANTS E 29000 ALL
JOINT RELEASES

1 MOMENT 2

2 MOMENT 2

3 MOMENT 2

4 MOMENT 2
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5 MOMENT 2%

'LOADING 1

- dead load

MEMBER LOADS .
1l FORCE Y UNIFORM -0.21

2 FORCE

3 FORCE

4 FORCE
LOADING 2

Y UNIFORM ~-0.21
Y UNIFORM =-0.21
Y UNIFORM -0.21
- live load

MEMBER LOADS

1l FORCE Y UNIFORM =-0.25
2 FORCE Y UNIFORM =-0.25
3 FORCE Y UNIFORM -0.25
4 FORCE Y UNIFORM =0.25
1l FORCE Y CONCENTRATED -20. 141.
2 FORCE Y CONCENTRATED -20. 150.
3 FORCE Y CONCENTRATED =-20. 150.
4 FORCE Y CONCENTRATED =20. 141.
SOLVE
STRUCTURE Continuous Beam - Test Problem 1
LOADING 1 - .dead load

MEMBER FORCES

MEMBER JOINT = AXIAL FORCE SHEAR FORCE MOMENT
1 1 . 0.000 23.014 0.00
1 2 0.000 36.206 -1860.06
2 2 0.000 32.925 1860.06
2 3 0.000 30.075 -1432.47
3 3 0.000 30.075 1432.47
3 4 0.000 32.925 -1860.06
4 4 0.000 36.206 1860.06
4 5 0.000 : 23.014 0.00
SUPPORT JOINT DISPLACEMENTS
JOINT X-DISPLACEMENT = Y-DISPLACEMENT ROTATION
1  0.0000E+00 -  0.0000E+00 -0.7950E-05
2  0.0000E+00 0.0000E+00 0.1562E-05
3  0.0000E+00 0.0000E+00 0.8704E-20
4  0.0000E+00 0.0000E+00 -0.1562E-05
5  0.0000E+00 0.0000E+00 0.7950E-05
- STRUCTURE Continuous Beam - Test Problem 1
LOADING 2 - live load
MEMBER FORCES
'MEMBER ~ JOINT AXIAL FORCE SHEAR FORCE MOMENT
1 1 0.000 34.132 0.00
1 2 0.000 ~ 56.368 -3135.39
2 2 0.000 - 50.052 3135.39
2 3 0.000 44.948 '-2369.80
3 3 0.000 : 44.948 2369.80
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4
4 .
5

bW

0.000
0.000
0.000

SUPPORT JOINT DISPLACEMENTS

JOINT X-DISPLACEMENT

1  0.0000E+00
2  0.0000E+00
3 0.0000E+00
4 0.0000E+00
‘5 0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

50.052 -3135.39

56.368 : 3135.39

34.132 0.00

Y-DISPLACEMENT ROTATION

-0.1356E-04
.0.2797E-05
0.1138E-19
-0.2797E-05
0.1356E-04
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B1.2 Output File for Continuous Beam

Member # 1 Type = Beam

Length = 23.50 ft

Design Results: W24x104
Total weight of beam = 2.44 kips
Nominal strength:

E = 29000.00 ksi
Fy = 36.00 ksi

Shear: 0.9*Vn = 594.86 kips

Moment : 0.9%Mn = 643.67 kip.ft
Section Properties: W24x104
area= 30.60 in~2 - Ix= 3100.0 in~4
d= 24.060 in rx= 10.100 in
bf= 12.750 in _ sx= 258.00 in"3

Iy= 259.0 in"4
ry= 2.910 in
sy= 40.70 in~3

Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design: 1.2*D+1.6*L
Section Distance From Design Moment - Design Shear
Number Left End (ft) (kip-£ft) {(kips)
0] . 0.0 , . 85.5
1 - 1.6 124.0 72.8
2 3.1 228.2 60.2
3 4.7 -312.7 47.6
4 6.3 377.3 35.0
5 7.8 422.2 22.3
6 9.4 447.3 9.7
7 11.0 452.7 -2.9
8 12.5 412.4 48.5
9 14.1 326.5 -61.1
10 15.7 220.9 -73.7
11 17.2 95.5 -86.4
12 18.8 -49.8 -99.0
13 20.4 -214.7 -111.6
14 - 21.9 -399.5 -124.2
15 23.5 -604.1 -136.9
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Member # 2 Type = Beam Length = 25.00 ft
Design Results: W24x104 ~E = 29000.00 ksi
Total weight of beam = 2.60 kips Fy = 36.00 ksi -
Nominal strength : L : ,
Moment 0.9*Mn= 625.65 kip.ft Shear: 0.9*Vn = 594.86 kips
Section Properties: W24x104: .
area= 30.60 in~2 Ix= 3100.0 in"4 Iy= 259.0 in"4
. d= 24.060 in rx=.10.100 in ry= 2.910 in
bf= 12.750 in sx= 258.00 in~3 sy= 40.70 in~3
Brace Condition : No Lateral Supports Between Two Ends
Load Combination Case For Design: = 1.2*D+1.6*L
Section Distance From - Design Moment Design Shear
Number Left End (ft) (kip=ft) (kips)
0o 0.0 -604.1 123.0.
1 - 1.6 ~410.2 109.6
2 3.1 -238.8 96.1
3 4.7 -89.8 82.7
4 6.3 36.9 69.3
5 7.8 141.2 55.9
6 9.4 223.1 42.4
7 ~11.0 282.6 29.0
8 12.5 292.2 -17.4
9 14.1 252.0 -30.8
10 15.7 189.5 ~44.3
11 17.2 104.5 =57.7
12 18.8 -2.9 -71.1
13 20.4 -132.6 -84.6
14 21.9 -284.7 -98.0
15 23.5 -459.2 .=111.4
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Member # 3

Type #'Beam

Length = 25.00 ft

Design Results:
Total weight of

- Nominal strength

W24x104
2.60 kips

beam

E = 29000.00 ksi
Fy = 36.00 ksi

Moment : 0.9*Mn= 625.65 kipft Shear: 0.9*Vn = 594.86 kips
Section Properties: W24x104 | ' '
. area= 30.60 in~2 Ix= 3100.0 in"4 Iy= 259.0 in"4
d= 24.060 in rx= 10.100 in ry= 2.910 in
bf= 12.750 in . sx= 258.00 in~3 sy= 40.70 in"3
Brace Condition : No Lateral Supports Between Two Ends

Load Combination Case For Design:

1.2%D+1.6%L

Section
Number

VWONONUIBWN O

Distance From’ Design Moment

Left End (ft) (kip-ft)
0.0 -459.2
1.6 -284.7
3.1 -132.6
4.7 -2.9
6.3 104.5
7.8 189.5
9.4 252.0
11.0 292.2
12.5 1 282.6
14.1 223.1
15.7 141.2
17.2 36.9
18.8 -89.8

- 20.4 -238.8
21.9 -410.2
23.5 -604.1

Design Shear
(kips)
111.4

98.0
84.6
71.1
57.7
44.3
30.8
17.4
-29.0
-42.4
-55.9
-69.3
-96.1
-109.6
-123.0
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Member # 4

Type = Beam

‘Length = 23.50 ft

Design Results:

Total weight of beam =

‘Nominal strength
Moment: 0.9*%Mn

Ihe

W24x104
2.44 kips

643.67 kipft

E = 29000.00 kei

Fy = 36.00 ksi

Shear: 0.9*Vn =

Section Properties:
area= 30.60 in"2
d= 24.060 in
bf= 12.750 in

W24x104

Ix= 3100.0
rx= 10.100
sx= 258.00

in~4 _ ‘Iy= 259.0 in~4

594.86 kips

- Brace Condition :

No Lateral

Load Combination Case For Design:

Section - Distance From
Number Left End (ft)
0 ) 0.0
1 1.6
2 3.1
-3 4.7
4 6.3
5 7.8
6 9.4
7 11.0
8 12.5
9 14.1
10 15.7
11 17.2
12 18.8
13 20.4
14 21.9
15 23.5

in. ry= 2.910 in
in~3 ; sy= 40.70 in~3
Supports Between Two Ends
1.2*D+1.6*L
Design Moment Design Shear
(kip~ft) (kips)
-604.1 136.9
-399.5 124.2
-214.7 111.6
-49.8 99.0
95.5 86.4
220.9 73.7
326.5 61.1
412.4 48.5
452.7 2.9
447.3 -9.7
422.2 -22.3
377.3 -35.0
312.7 -47.6
228.2 -60.2
124.0 S =72.8
0.0 - =-85.5
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B.2 Input and Output Files for Two Story Plane Frame

B2.1 Input File for Two Story Plane Frame

STRUCTURE
TYPE PLANE FRAME
METHOD STIFFNESS
TABULATE ALL
NUMBER OF JOINTS 9
NUMBER OF MEMBERS 10
NUMBER OF SUPPORTS 3
NUMBER OF LOADINGS 3

NUMBER OF LOAD COMBINATIONS .

Two story plane frame

JOINT COORDINATES

&

B

4444444444

10

.CONSTANTS

EO\D@QO\W&MMHE\Dm'QmmbUNH

0.00
0.00
0.00
360.00

360.00
720.00
720.00
720.00

OUTWNOIUE N
VoOoONNUNVWOOULWN

=
]

Iz
1z
12z
Iz

360.00

9.13
11.8
9.13
5.87
9.13
11.8
25.3
25.3
25.3

"25.3
E 29000 ALL

0.00 s
144.00
264.00

0.00 s

144.00

264.00
0.00 s

144.00

264.00

ER INCIDENCES

PROPERTIES PRISMATI

110.0
310.0
110.0
41.3
110.0
310.0
1530.0
1530.0
1530.0
1530.0

LOADING 1 - dead load
MEMBER LOADS '

=

OOWWYmOm=~I~3

o

(e}

)

Q

=3
KKK

CONCENTRATED
. CONCENTRATED
CONCENTRATED
CONCENTRATED
CONCENTRATED
CONCENTRATED
CONCENTRATED
CONCENTRATED

-2305
-23.5
-23.5
~-23.5
-23.5
-23.5

-23.5

3

120.
240.
120.
240.
120.
240.
120.
240.
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LOADING 2 - live load
MEMBER 'LOADS

7 FORCE Y CONCENTRATED -7.5 120.

7 FORCE Y CONCENTRATED ~7.5 240.

8 FORCE Y CONCENTRATED -7.5 120.

8 FORCE Y CONCENTRATED -7.5 240.°

9 FORCE Y CONCENTRATED -7.5 120.

9 FORCE Y CONCENTRATED -7.5 240.

10 FORCE Y CONCENTRATED -7.5 120.
Y

10 FORCE
LOADING 3 wind load (side)
JOINT LOADS

2 FORCE X 4.125
3 FORCE X 1.875
SOLVE

STRUCTURE = Two story: plane frame

CONCENTRATED - =-7.5 240.

LOADING 1 - dead load

MEMBER FORCES

MEMB JOINT AXIAL FORCE SHEAR -

11 39.46 -4.36
1 2 -39.46 4.36
2 2 19.14 '~14.79
2 3 -19.14 14.79
3 4  104.30 0.00
3 5 ~-104.30 0.00
4 5 53.39 0.00
4 6  -53.39 0.00
5 7 39.46  ° 4.36
5 8  -39.46 -4.36
6 8 19.14 14.79
6 9  -19.14 -14.79
7 2  -10.43 20.54
7 5 10.43 25.56
8 3 14.80 19.32
8 6  -14.80 26.79
9 5  -10.43 25.56
9 8 10.43 . 20.54

10 6 14.79 26.79

9 -14.79 ©19.32

10

. FREE JOINT DISPLACEMENTS

JOINT X DISPL
2
3
5
6 .
8
9

STRUCTURE . Two

=0.01473
0.02089

0.00000
0.00000

0.01473
-0.02089

Y DISPL
-0.03736
-0.05248

. =-0.09856

-0.14064

. =0.03736

-0.05248

Z-ROTAT
-0.00819
-0.01218

0.00000

0.00000

0.00819

0.01218

story plane frame

MOMENT

 =211.90

-416.28
-828.00
-947.28
0.00
0.00
'0.00
0.00
211.90
416.28
828.00
947.28
'1244.28
-2147.76

947.28

-2291.88
2147.76
-1244.28
2291.88
-947.28

LOADING 2 - live load

108




" MEMBER FORCES

1.47

MEMB JOINT AXIAL FORCE SHE MOMENT
1 1 12.98 -1.41 -68.64
1 2 -20.63 1.41 -134.76
2 2 6.29 -4.77 -268.08
2 3 -6.29 - - 4.77 -306.72
3 4 34.04 0.00 0.00
3 5 -34.04 0.00 0.00
- 4 5 17.42 0.00 0.00
4 6 -17.42 0.00 0.00
-5 7 12.98 1.4 68.64
5 8 -20.63 -1.41 134.76
6 8 6.29 - 4.77 268.08
6 9 -6.29 -4.77 306.72
7 2 -3.38 © 6.69 402.84
7 5 3.38 8.31 -695.40
8 3 - 4.79 6.29 306.72
8 6 -4.79 8.71 -742.08
9 5 -3.38 8.31 695.40
‘9 8 3.38 6.69 -402.84
10 6 4.79 8.71 742.08
10 9 -4.79 6.29 -306.72
FREE JOINT DISPLACEMENTS
JOINT X DISPL Y DISPL  Z-ROTAT
2 -0.00477 -0.01225 -0.00265
3 0.00677 -0.01720 -=0.00394
5 0.00000 -0.03214 0.00000
6 0.00000 -0.04584 0.00000
8 0.00477 -0.01225 0.00265
9 -0.00677 -0.01720 = 0.00394
. STRUCTURE Two story plane frame
. LOADING 3 wind load (side)
MEMBER FORCES
MEMB JOINT AXIAL FORCE SHEAR MOMENT
1 1 -0.85 . 1.90 154.08
1 2 0.85 -1.90 120.12
2 2 -0.20 0.41 9.84
2 3 0.20 -0.41 38.88
3 4 -0.01 2.22 168.79
3 5 0.01 -2.22 152.04
4 5 . =0.01 1.03 55.56
4 6 0.01 -1.03 - 68.39
5 7 0.86 1.85 151.20
5 8 -0.86 =-1.85 - 117.48
"6 8 ,0.21 0.44 12.00
6 9 -0.21 ~0.44 40.32
7 2 12.63 - =0.65 -129.96
7 5 -2.63 ~ 0.65 -103.92
8 3 -0.20 -38.88
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8
9
-9
10
10

FREE JOINT

1.43
-1.43
0.44
-0.44

VRO

JOINT X DISPL

WO WN

0.36174
0.49894
0.35803
0.49686
0.35601 -
0.49625 -

-1.47

0.20
-0.65
0.65
~0.21
0.21

DISPLACEMENTS

Y DISPL
0.00080
0.00096
0.00000
0.00001
0.00081 -
0.00097

Z-ROTAT
-0.00136
-0.00039

- =0.00068
-0.00025

~-0.00135
-0.00040

-33.84
-103.68

-129.48

-40.32
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B 2.2 Output File for Two Story Plane Frame

Member # 7

Type = Beam

Length = 30.00 ft

Design Results:

Total weight of beam =

W18x86

2.58 kips

E = 29000.00 ksi

Fy = 36.00 ksi

Section Properties:

area= 25.30 in"2
d= 18.390 in

bf= 11.090 in

Brace Condition :

‘W18x86

Ix= 1530.0 in~4
rx= 7.770 in

" gx= 166.00 in~3

Iy= 175.0 in~4
ry= 2.630 in
sy= 31.60 in"3

No Lateral Supports Between Two Ends

Load Combination Case For Design: 1.2*D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) {(kip-ft) (kips)
0 Q.0 -178.1 37.1 .
1 2.0 -104.0 37.1
2 4.0 -29.8 37.1
3 6.0 -44.4 37.1
4 8.0 118.6 37.1
5 10.0 192.8 -4.3
6 12.0 '184.2 -4.3
7 14.0 175.6 -4.3
8 16.0 166.9 -4,3
-9 18.0 158.3 -4.3
10 20.0 149.7 -45.7
11 22.0 58.2 -45.7
12 24.0 -33.2 -45.7
13 26.0 -124.6 -45.7
14 28.0 -216.1 -45.7
15 30.0 -307.5 -45.7

111




Type = Beam ; Length = 30.00 ft

Member # 8
Design Results: W18x86 - ' E = 29000.00 ksi
Total weight of beam = 2.58 kips o I Fy = 36.00 ksi
Section Properties:  W18x86 _ :
area= 25.30 in~2 Ix= 1530.0 in"4 : Iy= 175.0 in"4
d= 18.390 in rx= 7.770 in ry= 2.630 in
bf= 11.090 in sx= l66.00 in~3 " sy= 31.60 in~3

- Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design: . 1.2%D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) - (kip-ft) - : (kips)
(¢] 0.0 -135.6 35.0
1 2.0 -65.6 ' 35.0
2 4.0 4.3 . 35.0
3 6.0 '74.3 35.0
4 8.0 144.3 - 35.0
5 10.0 214.3 o -6.4
6 12.0 . 201.4 -6.4
7 14.0 188.6 : -6.4
8 16.0 175.8 , -6.4
9 18.0 162.9 ’ -6.4
10 20.0 150.1 -47.8
11 22.0 54.5 , -47.8
12 24.0 o =41.2 -47.8
13 26.0 -136.8 -47.8
14 28.0 -232.5 : -47.8
15 30.0

~-328.1 ‘ -47.8
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Member # 9

Type = Beam

Length = 30.00 ft

' Design Results:
Total weight of beam =

wW18x86
2.58 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties:

area=

25.30 in~2

d= 18.390 in

bf= 1

1.090 in

wW18x86

Ix= 1530.0 in"4
rx= 7.770 in
sx= 166.00 in~3

Iy= 175.0 in~4
ry= 2.630 in
sy= 31.60 in~3

Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design:

1.2*D+1.6*L

-Section
Number

VWONOUTBWNEHO

Distance From

Left

End
0.0

-307.5
-216.1
-124.6
-33.2
58.2
149.7
158.3
166.9
175.6
184.2
192.8
118.6
44.4
-104.0
-178.1

Design Moment
(ft) (kip—-£ft)

Design Shear

(kips)

-
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Member # 10 S Type =‘Beam' ' » Length = 30.00 ft

Design Results:: W18x86 E = 29000.00 ksi
Total weight of beam = 2.58 kips : Fy = 36.00 ksi
Section Properties: W18x86 :
.area= 25.30 in~2 Ix= 1530.0 in~4 : Iy= 175.0 in~4
d= 18.390 in rx= 7.770 in ry= 2.630 in
bf= 11.090 in .8x= 166.00 in~3 sy=31.60 in~3
Brace Condition : . No Lateral Supports Between Two Ends
Load Combination Case For Designs 1.2*D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) . (kip-ft) , (kips)
o 0.0 - -328.1 : . 47.8
1 2.0 -232.5 47.8
2 4.0 -136.8 . 47.8
3 6.0 ' -41.2 47.8
4 8.0 54.5 o 47.8
5 10.0 150.1 : : 47.8
6 12.0 162.9 6.4
7 14.0 175.8 6.4
8 16.0 188.6 6.4
9 s 18.0 ; _ 201.4 6.4
10 - -20.0 214.3 -35.0
11 - 22.0 ‘ 144.3 -35.0
12 24.0 74.3 : - =35.0
13 26.0 4.3 ' -35.0
14 ' 28.0 ’ ' -65.6 v ~ =35.0
15 30.0 =135.6 -35.0
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Member # 1

Type = Column

Length = 12.00 ft

Design Results: W8x31 E = 29000.00 ksi
Total weight of beam = 0.37 kips Fy = 36.00 ksi
‘Section Properties: W8x31 '

~area= - 9.13 in"2
d= 8.000 in
bf= 7.995 in

Ix= 110.0 in~4
rx= 3.470 in
sx= 27.50 in"3

Iy= 37.1 in“4

ry= 2.020 in

sy= 9.27 in"3

Load Combination Case For Design:

1.2*D+1.6*L

Effective Length Factors:

Kx
Ky

1.29
1.00

Applied Forces:

Axial Force Pu = 68.12
Smaller End Moment Mx1l
Larger End Moment Mx2

kips
30.34 kip-ft
59.60 kip-ft

Unbraced Lengths:
Lx = 12.00 ft-
Ly = 12.00 ft

' Nominal Strength:

Pn = 251.53 kips
Mnx = 91.20 kip-ft

Member # 2 Type = Column “Length = 10.00 ft
Design Results: W1l2x40 E = 29000.00 ksi
Total weight of beam .= 0.40 kips Fy = 36.00 ksi
_ Section Properties: W12x40

area= 11.80 in~2
d= 11.940 in
bf= 8.005 in

Ix= 310.0 in"4
rx= 5.130 in
sx= 51.90 in~3

Iy= 44.1 in"4

ry= 1.930 in
sy= 11.00 in

-3

Load Combination Case For Design:

1.2*%D+1.6*L

Effective Length Factors:

Kx = 1.23
Ky = 1.00

Applied Forces:

Axial Force Pu = 33.03
Smaller End Moment Mxl
Larger End Moment Mx2

kips _
= 118.54 kip-ft
= 135.62 kip-ft

Unbraced Lengths:

Lx = 10.00 ft
Ly = 10.00 ft

Nominal Strength:

‘Pn = 346.58 kips

Mnx = 172.50 kip-ft
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Member # 3 Type = Column

- Length = 12.00 ft

Desigh Results: ) wW8x31
- Total weight of beam = 0.37 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties: W8x31 _
‘area= 9.13 in"2 Ix= 110.0 in~4

d= 8.000 in : rx= 3.470 in
bf= 7.995 in : sx= 27.50 in~3

Iy=37.1 in~4¢
ry= 2.020 in
sy= 9.27 in"~3

Load Combination Case For Design:

1.2%D+1.6*%L

Effective Léngth Factors:
Kx 1.22
Ky 1.00

Applied Forces:

Axial Force Pu = 179.62 kips

Smaller End Moment Mx1 0.00 kip~ft
Larger End Moment Mx2 = 0.00 kip-ft

Unbraced‘Lengths:
Lx = 12.00 ft

Ly = 12.00 ft

. Nominal Strength: -

Pn = 251.53 kips
Mnx = 91.20 kip-ft

Member # 4 Type = Column

Length = 10.00 ft

Design Results: . W6x15
Total weight of beam = 0.15 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties: W6x15
area= 4.43 in~2 Ix= 29.1 in"4
d= 5.990 in rx= 2.560 in

bf= 5.990 in sx= 9.72 in~3

Iy= 9.3 in“4
ry= 1.450 in

Load Combination Case For Design:

1.4%D

sy= 3.11 in”3

Effective Length Factors:
Kx = 1.12

Applied Forces: .

Axial Force Pu = 74.75 kips ,
Smaller End Moment Mxl = 0.00 kip-ft
Larger End Moment Mx2 = 0.00 kip-ft

Unbraced Lengths:
Lx = 10.00 ft

Ly = 10.00 ft

Nominal Strength:
Pn = 111.20 kips
Mnx = 0.00 kip-ft

116




Column

Member # 5 Type

Length = 12.00 ft

Design Results: W8x31
Total weight of beam = 0.37 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties: W8x31
area= 9.13 in~2 Ix= 110.0 in“4
d= 8.000 in rx= 3.470 in
bf= 7.995 in sx= 27.50 in~3

Iy= 37.1 in~4
ry= 2.020 in
sy= 9.27 in"3

Load Combination Case For Design:

1.2*%D+1.6*L

Effective Length Factors:
Kx = 1.21
Ky = 1.00

Applied Forces:
Axial Force Pu
- Smaller End Moment Mx1l
. Larger End Moment Mx2

68.12 kips
30.34 kip-ft

'59.60 kip-ft

]

’thraced Lengths:

Lx = 12.00 ft
Ly = 12.00 ft

- Nominal Strength:

Pn = 251.53 kips
Mnx = 91.20 kip-ft

Member # 6 Type = Column Length = 10.00 ft
Design Results: W12x40 ~E = 29000.00 ksi
Total weight of beam = 0.40 kips Fy = 36.00 ksi -
Section Properties: W12x40 '
area= 11.80 in"2 Ix= 310.0 in"4 Iy= 44.1 in"4
d='11.940 in rx= 5.130 in ‘ ry=1.930 in
bf= 8.005 in -sx= 51.90 in"3 ‘8y=

Load Combination Case For Design:

1.2%D+1.6%L

11.00 in~3

Effective Length Factors:
Kx 1.13 o
Ky = 1.00

Applied Forces:

Axial Force Pu 33.03 kips

Smaller End Moment Mx1l = 118.54 kip-~ft .
Larger End Moment Mx2 = 135.62 kip-ft

=

T Mnx

Unbraced Lengths:
Lx 10.00 ft
Ly = 10.00 ft

‘Nominal Strength:

Pn = 346.58 kips

172.50 kip-ft
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B.3 Input and Output Files for Two Story Space Frame

B 3.1 Input File for Two Story Space Frame

STRUCTURE Two story space frame - Test Problem 2
TYPE SPACE FRAME
METHOD STIFFNESS
TABULATE ALL '
NUMBER OF JOINTS ‘18
NUMBER OF MEMBERS 26
NUMBER OF SUPPORTS )
NUMBER OF LOADINGS 4
NUMBER OF LOAD COMBINATIONS 4
JOINT COORDINATES )
0.00 0.00 0.00 s
0.00 144.00 0.00
0.00 264.00 0.00
360.00 0.00 0.00 s
360.00 144.00 0.00
360.00° 264.00 0.00
720.00 . 0.00 0.00 s
720.00 144.00 0.00
720.00 264.00 0.00
10 0.00 0.00 360.00 s
11 0.00 144.00 360.00
12 0.00 264.00 360.00
.13 360.00 = 0.00 360.00 s
14 360.00 144.00 360.00
15 360.00 264.00 -360.00
16 720.00 0.00 - 360.00 s
17 720.00 144.00 360.00
18 720.00 264.00 360.00
MEMBER INCIDENCES

WOONOUIEWN

1 1 2
2 2 3
3 4 5
4 5 6
5 7 8
6 8 9
7 2 5
8 3 6
9 5 8
10 6 9
11 2 11
12 -3 12
13 5 14
14 6 15
15 8 17
16 . 9 18
17 10 11
18 11 12
19 13 14
20 14 15
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21 16
22 17
23 11
249 12
25 14
26 15

18

‘MEMBER PROPERTIES PRISMATIC
IY 1z 9.13 0.00
IY IZ 9.13 0.00
IY Iz 9.13 0.00
IY 12 9.13 0.00
IY 1z 9.13 0.00

-1 AX IX
2 AX IX
3 AX IX
4 AX IX
5 AX IX
6 AX IX
7 AX IX
8 AX IX
9 AX IX
10 AX IX
11 AX IX
12 AX IX
13 AX IX
14 AX IX
15 axX IX
16 AX IX
17 AX IX
18 AX IX
19 AX IX
20 AX IX
21 AX IX
22 AX IX
23 AX IX
24 AX IX
- 25 AX IX
26 AX IX
CONSTANTS

IY 12 9.13 0.00
IY IZ 25.3 0.00
IY 1z 25.3 0.00
IY IZ 25.3 0.00
IY IZ 25.3 0.00
Iy IZ 25.3 0.00
1Yy IZ 25.3 0.00
IY IZ 25.3 0.00
IY Iz 25.3 0.00
Iy IZ 25.3 0.00
IY Iz 25.3 0.00

IY IZ 9.13 0.00
IY IZ 9.13 0.00
IY Iz 9.13 0.00-
IY IZ 9.13 0.00
I¥ Iz 9.13 0.00

IY 1z 9.13 0.00
IY 1Z 25.3 0.00
Iy 12 25.3 0.00
1Y 1z 25.3 0.00
1Y IZ 25.3 0.00

_ E 29000 ALL
LOADING 1 - dead load
MEMBER LOADS

UNIFORM
' UNIFORM
UNIFORM
UNIFORM
UNIFORM
UNIFORM

IR KKK KKK KKK KR

CONCENTRATED =2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED =2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED =2
CONCENTRATED =2
CONCENTRATED -2
CONCENTRATED -2
CONCENTRATED -2

-0.05
-0.05
-0.10
-0.10
-0.05
-0.05

live load

MEMBER LOADS

37.1
37.1
37.1
37.1
37.1
37.1
175.0
175.0
175.0

175.0

175.0
175.
175.0
175.0
175.0
175.0
37.1
37.1
37.1
37.1
37.1
37.1
175.
175.0
175.0
175.0

3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24
3.5 12
3.5 24

110.0
110.0
110.0
110.0
110.0
110.0
1530.00

1530.00

1530.00
1530.00
1530.00
1530.00
1530.00
1530.00
1530.00

1530.00

110.0
110.0
110.0
110.0

110.0

"110.0
1530.00
1530.00
1530.00
1530.00

00‘
0-'
0.
0.
0.
0.
0.
0.
00
0.
0.
OQ
0..
0.
Oo
0.
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CONCENTRATED -7.5 120.

7 FORCE Y
7 FORCE Y CONCENTRATED =-7.5 240.
8 FORCE Y CONCENTRATED -7.5 120.
8 FORCE Y CONCENTRATED =-7.5 240.
9 FORCE Y CONCENTRATED =7.5 120.
9 FORCE Y CONCENTRATED =-7.5 240.
10 FORCE Y CONCENTRATED -7.5 120.
10 FORCE Y CONCENTRATED =7.5 240.
23 FORCE. Y CONCENTRATED -7.5 120.
23 FORCE Y CONCENTRATED -7.5 240.
24 FORCE Y CONCENTRATED -=7.5 120.
24 FORCE Y CONCENTRATED -7.5 240.
25 FORCE Y CONCENTRATED =-7.5 120.
25 FORCE Y CONCENTRATED =-7.5 240.
26 FORCE Y CONCENTRATED =7.5 120.
26 FORCE Y CONCENTRATED =7.5 240.
11 FORCE Y UNIFORM -0.0208 )
12 FORCE Y UNIFORM ~0.0208
13 FORCE Y UNIFORM -0.0500
14 FORCE Y UNIFORM -0.0500
- 15 FORCE Y UNIFORM -0.0208
16 FORCE Y UNIFORM =-0.0208
LOADING 3 - wind load (front)
JOINT LOADS .
11 FORCE Z =-4.125
12 FORCE Z -1.875
14 FORCE 2 -8.250
15 FORCE Z -3.750
17 FORCE Z =-4.125
18 FORCE Z ~-1.875

LOADING 4 wind load (side)
JOINT LOADS - : ,
11 FORCE X  4.125
12 FORCE X 1.875
2 FORCE X 4.125
3 FORCE X 1.875
SOLVE

STRUCTURE Two story space frame

LOADING 1 - dead load ;

MEMBER FORCES

MEMB JOINT AXIAL SHEAR -SHEAR TORSION MOMENT MOMENT

FORCE FORCE Y FORCE 2 MOMENT Y 2

1 1 61.07 -4.62 1.30 0.00 -62.94 -218.33

1 2 -61.07 4.62 -1.30 ~0.00 -124.62 - -446.48
2 2 -30.07 ~-19.57 6.45 0.01 =-349.72 -1064.70
2 3 . =30.07 19.57 -6.45 -0.01 -424.42 -1284.10
3 4 137.86 ©0.00 2.60 - 0.00 -125.79 0.00
3 5 ~137.86 0.00 -2.60 0.00 -249.08 0.00
4 S 69.86 0.00 12.88 -0.00 -698.59 0.00
4 6 -69.86 0.00 -12.88 0.00 -847.41 =~ . 0.00

- 5 7 61.07 4.62 1.30 - 0.00 . -62.94 218.33
5 8 -61.07 -4.62 -1.30 - '0.00 -124.62 446.48
6 8 30.07 -19.57 6.45 -0.01 =349.72 1064.70
6 9

-30.07 -19.57 -6.45 0.01 -424.42 1284.10
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7. 2 -14.96

7 S5 14.96

8 3 19.57
8 6 -19.57

9 5 -14.96
9 8 14.96
10 6 19.57
10 9 -19.57
11 2 -5.15
11 11 5.15
12 3 6.45
12 12 -6.45
13 5 ~-10.28
13 14 10.28
14 6 12.88
14 15 -12.88
15 8 -5.15
15 17 5.15
16 9 6.45
16 18 -6.45
17 10 61.07
17 11 -61.07
18 11 30.07
18 12 -30.07
19 13 137.86
19 14 -137.86
20 14 - 69.86
20 15 -69.86
21 16 61.07
21 17 -61.07
22 17 30.07
22 18 -30.07
23 11 -14.96
23 14 14.96
24 12 19.57
24 15 -19.57
25 14 -14.96 .
25 17 14.96
26 15 19.57
26 18 -19.57

22.00
25.00
- 21.07
25.93
25.00
22.00
25.93
21.07
9.00
©'9.00
9.00
. 9.00
18.00
18.00
18.00
'18.00
9.00

£ 9.00°
9.00
9.00

-4.62

4.62
-19.57

19.57
0.00
0.00
0.00
0.00
4.62

-4.62

- 19.57
-19.57

22.00

25.00

21.07

-25.93

25.00

22.00

25.93

21.07

FREE JOINT DISPLACEMENTS

JOINT X DISPL
2 -0.00725
3 0.00949
5 0.00000
6 0.00000
8 0.00725
9  -0.00949
11 -0.00725
12 0.00949
14 0.00000
15  0.00000
17  0.00725
18 -0.00949

Y DISPL
-0.01723
-0.02274
-0.03889
-0.05169
-0.01723
-0.02274
-0.01723
-0.02274
-0.03889
~0.05169
-0.01723
-0.02274

0.00
0.00

0.00-
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00.

0.00
0.00
10.00
0.00
0.00
0.00
-1.30
1.30
-6.45
6.45
- =2.60
2.60
-12.88
12.88
-1.30

1.30

-6.45
'6.45
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

2 DISPL

-0.00271
0.00339 .
-0.00541

0.00677

-0.00271

- 0.00339

0.00271
-0.00339
0.00541
-0.00677

-.0.00271

-0.00339

STRUCTURE Two story space frame

-0027
0.27
-0.48
.0.48
0.27
-0.27
. '0.48
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
-0.01
0.01
0.00
0.00
0.00
0.00
~0.00
0.00
0.01
-0.01
0.27
-=0.27
0.48
-0.48
-0.27
- 0.27
-0.48
0.48

X-ROTAT
0.00132
0.00232
0.00264
0.00464
0.00132

- 0.00232

-0.00132

'=0.00232

-0.00264
~-0.00464
-0.00132

-=0.00232

Y-ROTAT
0.00001
-0.00001
‘0.00000
0.00000
-0.00001
0.00001
-0.00001
0.00001
0.00000
0.00000
0.00001
-0.00001

1511.18
~2050.78
1284.10
-2158.93
2050.78
=1511.18
2158.93
-1284.10
474.07
-474.07
. 423.94
-423.94
948.21
-948.21
848.36
~848.36
474.07

-=474.07

423.94
-423.94
-=-218.33
. =446.48
-1064.70
-1284.10
0.00
0.00
0.00
0.00
218.33

- 446.48
1064.70
1284.10
1511.18
-2050.78
- 1284.10
-2158.93
2050.78
-1511.18
© 2158.93
-1284.10

Z-ROTAT

~0.00166
-0.00266

0.00000
0.00000
0.00166
0.00266

-0.00166
~-0.00266

0.00000
0.00000
0.00166
0.00266

121




LOADING 2 - live load

MEMBER FORCES

.MEMB JOINT AXIAL

VOOOINONAOAUTNEDLWWNNE

PR
VWM NP
(T

[
=Y
-

15 17

OUOBUINDWEHRNOOMOUVIOWUINWOVOOONNOUTUIDWNDN

FORCE
21.25

-21.25 -

10.48
-10.48
50.48
-50.48
25.54
-25.54
21.25
-21.25
10.48
-10.48
-4.79
4.79
6.26
-6.26
-4.79

'4.79

6.26
-6.26
-2.14
2.14
2.69
-2.69
-5.14
5.14
"6.44
~6.44

-2.14

2.14
2.69
~2.69
21.25
-21.25
10.48
-10.48 "
50.48
-50.48
25.54
-25.54
21.25
-21.25
10.48
-10.48
-4.79
4.79
6.26
~6.26
~4.79
. 4.79
6.26
-6.26

 SHEAR

FORCE Y

-1.48

. 1.48
-6.26
6.26 -
0.00
0.00
0.00
0.00
1.48
-1.48
6.26
~6.26
7.03
7.97
6.73.
8.27
7.97
7.03
8.27
6.73
3.74
3.74
©'3.74
3.74
$.00
9.00
9.00
9.00
- 3.74

3.74 .

3.74
3.74
-1.48
1.48
-6.26
6.26
0.00
0.00
0.00
0.00
1.48
-1.48
6.26
-6.26
7.03
7.97
6.73
8.27
.7.97
7.03
8.27
6.73

SHEAR
FORCE 2
0.54
-0.54
2.68
-2.68
1.30
-1-30
6.44
-6.44
0.54

-0.54

2.68
-2.68
0.00
0.00
0.00

0.00-

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
-Oo 54
0.54

-2.68

2.68

-1.30

1.30
-6.44
6.44
-0.54
0.54
-2.68
2.68
0.00
0.00
'0.00
0.00
0.00
0.00
0.00

 0.00

TORSION
MOMENT

. 0.00

0.00
0.01

-0.01

0.00
'0.00
0.00
0.00
0.00
.00
-6l01
"0.01
-0.16
'0.16
-0.28
0.28
~-0.16
0.28

.=0.28

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.01
0.01

0.00
0.00
0.00
0.00
0.00
0.00
0.01
<0.01
0.16

-0.16

0.28
-0.28
-0.16

0.16
-0.28

0.28

MOMENT

Y
.=26.19
=51.85
-145.52
~176.62
-62.89
-124.53

=349.26"

-423.64
-26.19

- =51.85

-145.52
-176.62
-0.05
-0.28
- 0.06
0.35
0.28
0.05
-°~35
-0.06
0.04
"'0004

- 0.05

0.00
0.00
0.00
0.00
-0.04
- 0.04
0.05
-0.05

26.19

51.85
145.52
176.62
62.89
124.53
349.26
423.64
26.19
51.85
145.52
176.62
0.05
0.28
-0.06
=0.35

-0.28

-0.05

0.35

0.06

MOMENT

z
-69.82
-142.77
-340.59
-410.94
0.00
0.00
0.00
0.00
69.82
142.77

340.59

410.94
483.35
-653.32
410.94
-687.59
653.32

-483.35

687.59

-410.94

197.21
-197.21
176.34

474.11

-474.11

424.20

-424.20
197.21

-197.21

176.34
-176.34
-69.82
-142.77

. =340.59
. ~410.94

0.00
0.00
0.00
0.00
69.82
142.77
340.59
. 410.94
483.35
-653.32
410.94
~-687.59
653.32
-483.35
687.59
-410.94
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FREE JOINT‘DISPLACEMENTS

JOINT X DISPL Y DISPL Z DISPL X-ROTAT  Y-ROTAT Z-ROTAT
2 -0.00232 -0.00599 -0.00113 0.00055 0.00001 -0.00053
3 0.00304 =-0.00791 0.00141 '~ 0.00097 -0.00001 -0.00085
5 - 0.00000 -~0.01424 -0.00270 0.00132  0.00000 0.00000
6 0.00000 =-0.01892 0.00339 0.00232 0.00000  0.00000
8 0.00232 -0.00599 =-0.00113 = 0.00055. =-0.00001 0.00053
9 -0.00304 -0.00791 0.00141 0.00097 0.00001 0.00085
11 -0.00232 -0.0059%9 0.00113 ~ -0.00055 =0.00001 -0.00053
12 ~0.00304  -0.00791 =-0.00141 -0.00097 0.00001 -0.00085
14 0.00000 -0.01424 0.00270 -0.00132 0.00000 0.00000
15 0.00000 -0.01892 -0.00339 -0.00232 0.00000° 0.00000
17 0.00232 -0.00599 0.00113 -0.00055 0.00001 0.00053
18: -0.00304 -0.00791 -0.00141 -0.00097 -0.00001 0.00085
STRUCTURE Two story space frame
LOADING 3 -~ wind load (front)
MEMBER FORCES
MEMB JOINT AXIAL SHEAR SHEAR "TORSION MOMENT - MOMENT
) FORCE FORCE Y FORCE 2 MOMENT Y Z
1 1 1.90 0.00 3.34 -0.16 . =-278.50 . -0.10
1 2 -1.90 . 0.00 -3.34 0.16  =-202.89 -0.11
2 2 0.57 0.00 1.15 -0.15 -35.24 -0.13
2 3 -0.57 "0.00- -1.15 0.15 -103.08 -0.20
3 4 2.77 0.00 5.26 0.00 -435,.52 - 0.00
3 5 -2.77 0.00 -5.26 0.00 -322.24 0.00
4 5 0.79 0.00 1.48 0.00 -35.16 0.00
‘4 6 -0.79 0.00 -1.48 0.00 -142.68 0.00
5 7 1.90 0.00 - 3.34 0.16 -278.50 © 0.10
5 8 -1.90 0.00 -3.34 -0.16 -202,.89 0.11
6 8 0.57 0.00 . 1.15 -~ 0.15 ~35.24 0.13
6 9 -0.57 . 0.00 -1.15 . =0.15 -103.08 0.20
7 2 -0.08 0.00 0.15 0.17 -14.10 0.23
7 5 0.08 0.00 -0.15 =0.17 -39.70 0.24
8 3 -0.10 0.00 0.21 0.06 -19.44 0.20
8 6 - 0.10 0.00 =0.21" ~0.06 -54.58 0.24
9 5 -0.08 0.00 -0.15 ~0.17 39.70 -0.24
.9 8 0.08 0.00 0.15 0.17 14.10 -0.23
10 6 -0.10 0.00 -0.21 -0.06 54.58 -0.24
10 9 0.10 0.00 0.21 0.06 19.44 - =-0,20
11 2 - 2.04 1.32 -0.08 - 0.00- 14.09 238.30
11 11 -2.04 -1.32 0.08 0.00 14.14 238.44
12 3 0.95 0.57 -0.11 0.00 19.28 103.14
12 12 -0.95 -0.57 0.11 0.00 19.31 102.55
13 5 4.08 1.98 0.00 0.00 0.00 . 357.07
13 14 -4.08 -1.98 0.00 0.00 0.00 . 357.35
14 6 1.89 0.79 0.00 -0.00 0.00 142.57
14 15 ~-1.89 -0.79 0.00 0.00 0.00: 141.40
15 8 2.04 1.32 - 0.08 0.00 -14.09 '+ 238.30
15 17 ~-2.04 -1.32 -0.08 0.00 -14.14 238.44
16 9 0.95 0.57 0.11 0.00 -19.28 103.14
16 18 -0.95 -0.57 -0.11 0.00 -19.31 102.55
17 10 -1.90 0.00 - 3.37 - =0.17 -280.43 0.10
17 11 1.90 0.00 -3.37 0.17 -204.69 0.11
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1.13

-33.58

0.00

18 11 -0.57 0.00 -0.15 0.13
18 12 0.57 0.00 -1.13 0.15 -102.50 0.20
19 13 -2.77 0.00 5.31 0.00 ~ =-439.38 0.00
19 14 2.77 . 0.00 -5.31 0.00 -325.85 0.00
20 14 -0.79 0.00 1.44 0.00 -31.83 0.00
20 15 0.79 ~0.00 - -1.44 0.00 -141.51 0.00
© 21 16 -1.90 0.00 3.37 0.17 -280.43 -0.10
21 17 © 1.90 0.00 -3.37 -0.17 -204.69 -0.11
22 17 -0.57 0.00 1.13 0.15 - =-33.58" -0.13
22 18 0.57 0.00 -1.13 -0.15 -102.50 -0.20
23 11 0.08 0.00 © 0.15 0.17 -14.16 -0.23
23 14 -0.08 0.00 -0.15. -0.17 -40.08 -0.24
24 12 0.10 0.00 0.21 0.05 -19.46 -0.20
24 15 -0.10 0.00 -0.21 . =0.05 -54.75" -0.24
25 14 0.08 0.00  -0.15 -0.17 40.08 0.24
25 17 -0.08 0.00 0.15 0.17 14.16 0.23
26 15 0.10 0.00 -0.21 -0.05 '54.75 0.24
26 18 -0.10 0.00 0.21- -0.05 19.46 0.20
FREE JOINT DISPLACEMENTS
JOINT X DISPL Y DISPL 2 DISPL X-ROTAT Y-ROTAT Z-ROTAT
2 -0.00004° -0.00054 -0.36743 -0.00162 0.00066 0.00000
3 -0.00005 -0.00064 -0.54493 -0.00071 0.00091 0.00000
5 0.00000 =-0.00078. =-0.56952 =0.00242 0.00000 0.00000
6 0.00000 =-0.00093 -0.82260 -0.00098 0.00000 0.00000
8 0.00004 -0.00054 -0.36743 -0.00162 -0.00066 0.00000
9 0.00005 -0.00064 -0.54493 -0.00071 -0.00091 0.00000
11 0.00004 0.00054 -0.36958 -0.00162 .0.00067 0.00000
12 0.00005 0.00064 -0.54593  -0.00070 0.00091 - 0.00000
14 0.00000 0.00078 =0.57381 -0.00243 0.00000 - 0.00000
15 0.00000 0.00093 -0.82460 =-0.00096 0.00000 0.00000
17 -0.00004 = 0.00054 =-0.36958 =0.00162 =0.00067 0.00000
18 -0.00005 0.00064 -0.54592 =-0.00070 -0.00091 0.00000
STRUCTURE Two story space frame
LOADING 4 wind load (side)
MEMBER FORCES
MEMB JOINT AXIAL SHEAR SHEAR TORSION MOMENT MOMENT
i FORCE FORCE Y FORCE 2. MOMENT =~ =~ Y 4
1 1 ~0.82 1.93 0.00 ‘0.00 ©~ 0.00 163.82
1 2 0.82 -1.93 0.00 0.00 0.00 114.63
2 2 -0.24 0.35 0.00 0.00 0.00 -3.07
2 3 0.24 -0.35 0.00 0.00 0.00 44.86
3 4 - =0.01 2.20 0.00 0.00 0.00 174.77
3 5 - 70.01 -=2.20 0.00 0.00 . 0.00 141.81
4 5 -0.01 1.13 0.00 0.00 0.00 §2.90
4 6 0.01 -1.13 0.00 0.00 0.00 82.43
5 7 0.82 1.87 0.00 0.00 0.00 158.95
5 8 -0.82 -1.87 0.00° 0.00 0.00 110.02
6 8 . 0.25 0.40 0.00 '0.00 0.00 1.09
6 9 -0.25 =0.40 0.00 0.00 0.00 46.79
7 2 -2.54 . -0.58 0.00 0.00 0.00 -111.56
7 5 -2.54 0.58 - 0.00 0.00 0.00 -97.47
8 3 1.53 -0.24 0.00 0.00 -44.86
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8 6 0.24
9 5 1.47 -0.58
9 8 -1.47 0.58
10 6 0.40 -0.25
10 9 -0.40 0.25
11 2 0.00 0.00
11 11 0.00 0.00
12 3 0.00 0.00
12 12 0.00 - 0.00
13 5 - 0.00 0.00
13 14 0.00 0.00
14 6 0.00 0.00
14 15 0.00 0.00
15 8 0.00 0.00
15 17 0.00 . 0.00
16 9 1 0.00 . 0.00
16 18 0.00 0.00"
17 10 -0.82 1.93
17 11 0.82 -1.93
18 11 -0.24 0.35
18 12 0.24 -0.35
19 13 -0.01 2.20
19 14 0.01 -2.20
20 14 -0.01 1.13
20 15 0.01 -1.13
21 16 0.82 1.87
21 17 -0.82 -1.87
22 17 0.25 0.40
22 18 -0.25 -0.40
23 11 2.54 -0.58
23 14 -2.54 0.58
24 12 1.53 - ~0.24
24 15 -1.53 0.24
25 14 1.47 -0.58
25 17 -1.47 _ 0.58
26 15 0.40 -0.25
26 18 -0.40 0.25
FREE JOINT DISPLACEMENTS
JOINT X DISPL Y DISPL
2 0.07892  0.00023
3 0.11313  0.00027
5 0.07768  0.00000
6 0.11239  0.00000
8 0.07697 =-0.00023
9 0.11220 -0.00028
11 0.07892  0.00023
12 0.11313  0.00027 -
14 0.07768  0.00000
15 0.11239  0.00000
17 - 0.07697 =-0.00023
18

-1.53

- 0.11220

-0.00028

0.00

'0.00

0.00
0.00

0.00

0.00

0.00
0.00
0.00
~0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00

0.00"

0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

Z DISPL
0.00000
.0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
'0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00000 .
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- 0.00

0.00
- 0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

. 0.00
0.00
0.00
0.00
0.00
0.00

0.00"

.0.00

0.00.

0.00
0.00
0.00
0.00
0.00

0.00

. 0.00
0.00
~0.00
0.00

X-ROTAT = Y-ROTAT

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Z-ROTAT
-0.00036
-0.00014
-0.00024
-0.00011
-0.00036
-0.00015
-0.00036
-0.00014
-0.00024
-0.00011
-0.00036
-0.00015
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B 3.2 Output File for Two Story Space Frame

Member # 7 Type = Beam . Length = 30.00 ft
Design Results: Wi8sx76 : - E =.29000.00 ksi
Total weight of beam = 2.28 kips ' Fy = 36.00 ksi
Nominal Strength: '
Moment 0.9*Mn = 307.31 kip-ft Shear 0.9*Vn = 433.51 kips
' Section Properties: W18x76
area= 22.30 in~2 Ix= 1330.0 in~4 Iy= 152.0 in~4
d= 18.210 in rx= 7.730 in o ry= 2.610 in
bf= 11.035 in 8x= 146.00 in~3 ’ ' sy= 27.60 in~3
Brace Condition : No Lateral Supports Between Two Ends
Load Combination Case For Design: 1.2%D+1.6*L
Section Distance From Design Moment . Design Shear
Number Left End (ft) (kip-ft) - (kips)
-0 0.0 ~215.6 : 38.9
1 2.0 ' -137.9 ~ 38.9
2 4.0 : -60.2 38.9
3 6.0 17.5 . 38.9
4 8.0 95.3 38.9
5 10.0 : 173.0 : . =2.6
6 12.0 167.8 o -2.6
7 14.0 162.7 v , -2.6
8 16.0 157.6 - -2.6
9 18.0 152.5 -2.6
10 20.0 147.4 -44.0
11 22.0 ' 59.5 -44.0
12 24.0 : -28.4 . , -44.0
13 26.0 -116.3 -44.0
14 28.0 -204.3 : : -44.0
15

30.0 -292.2 ~44.0
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Length = 30.00 ft

Member # 8 Type = Beam
Design Results: W18x86 "E = 29000.00 ksi
Total weight of beam = 2.58 kips Fy = 36.00 ksi
Nominal Strength: : : L
.Moment - 0.9*Mn = 363.85 kip-ft Shear 0.9*Vn = 491.83 kips
Section Properties: W18x86
‘area= 25.30 in~2 Ix= 1530.0 in~4 Iy= 175.0 in~4¢
d= 18.390 in- rx= 7.770 in ry= 2.630 in
bf= 11.090 in sx= 166.00 in~3 sy= 31.60 in~3
Brace Condition : No Lateral Supports Between Two Ends
Load Combination Case For Design: 1.2*D+1.6*L
Section : Distance From Design Moment Design Shear
Number Left End (ft) (kip-£ft) o ' (kips)
o 0.0 -183.2 37.3
2 4.0 +=34.2 37.3
3 6.0 -40.4 37.3
4 8.0 114.9 37.3
5 10.0 189.4 -4.3
6 12.0 181.1 -4.3
7 14.0 172.8 . -4.3
8 16.0 164.5 -4.3
9 18.0 156.2 -4.3
10 20.0 - 147.9 -45.7
11 22.0 56.8 -45.7
12 24.0 -34.2 -45.7
13 26.0 -125.6 -45.7
14 28.0 -216.5 -45.7
15 30.0 -307.5 -45.7
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Member # 9 Type = Beam Length = 30.00 ft
Design Results: W18x76 =-29000.00 ksi
Total weight of beam = 2.28 kips Fy = 36.00 ksi
Nominal Strength: » : : _ o
.Moment 0.9*Mn = 307. 31 kip—ft Shear 0.9*Vn = 433.51 kips
Section Properties: W18x76

area= 22.30 in~2 Ix= 1330.0 in~4 Iy= 152.0 in~4

d= 18.210 in rx= 7.730 in ry= 2.610 in
bf= 11.035 in" sx= 146.00 in"3 _sy= 27.60 in"3

Brace Condition : No Lateral Supports Between Two Ends

Load Combination Case For Design:

1.2%D+1.6*L

Section Distance From
Number » Left End (ft)
0 ) 0.0
1 2.0
2 4.0
3 6.0
4 8.0
5 10.0
6 12.0
7 14.0
8 16.0
9 18.0
10 20.0
11 22.0
12 24.0
13 26.0
14 28.0
15 -30.0

Design Moment

(kip-£ft)
-292.2
-204.3
-116.3
-28.4
59.5

147.4

152.5
157.6
162.7
167.8
173.0
©95.3
17.5
_6002
~=137.9
-215.6

Design Shear

(kips)
0
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- Member # 10

Type =."'Beam, Length = 30.00 ft
Design Results: W18x86 = 29000.00 ksi
Total welght of beam = 2.58 kips Fy = 36.00 ksi -
Nominal Strength: , ‘
Moment 0.9*Mn = 363.85 kip-ft Shear 0.9*Vn = 491.83 kips
Section Properties: w1l8x86 .
area= 25.30 in"2 Ix= 1530.0 in"4 Iy= 175.0 in"4

d= -18.390 in rx=. 7.770 in ry= 2.630 in.

bf= 11.090 in

sx= 166.00 in~3

- sy= 31.60 in~3

Brace Condition :

~No Lateral Supports Between Two Ends

Load Combination Case Fo

Section Distance
Number Left End
o 0.0
1 2.0
2 4.0
3 6.0
4 8.0
5 10.0
6 12.0
7 14.0
8 ~16.0
9 - 18.0
10 20.0
11 - 22.0
12 24.0
13 26.0
14 28.0
15 30.0

r Design: 1.2*D+1.6%*L

From Design Moment Design Shear

(ft) (kip-ft) (kips)

-307.5 45.7

-216.5 . 45.7

-125.6 45.7

-34.2 45.7

56.8 45.7

147.9 45.7

156.2 4.3

164.5 4.3

172.8 4.3

181.1 4.3

189.4 -37.3

114.9 -37.3

40.4 =-37.3

-34.2 -37.3

-108.7 -37.3

-37.3

-183.2
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. Member # 11

Type = Beam Length = 30.00 ft
Design Results: W10x39 E = 29000.00 ksi
Total weight of beam = 1.17 kips Fy = 36.00 ksi
Nominal‘strengthz v .
Moment 0.9*Mn = 84.35 kip-ft Shear 0.9*Vn = 223.56 kips
Section Properties: W10x39 ' '

area= 11.50 in~2

d= 9.920 in
bf= 7.985 in

Ix= 209.0 in~4
rx= 4.270 in
sx= 42.10 in~3

Iy= 45.0 in~4
ry= 1.980 in
sy= 11.30 in~3

Brace Condition :

No Lateral Supports Betweén Two Ends

Load Combination Case For Design: 1.2*D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) - (kip-ft) ’ (kips)
0 0.0 . -81l.4 14.8
1 2.0 -53.6 13.0
2 4.0 -29.3 11.3
3 6-0 -805 9.6
4 8.0 8.9 7.8
5 10.0 22.8 6.1
6 12.0 33.2 4.3
7 14.0 40.1 2.6
8 16.0 . 43.6 0.9
9 18.0 43.5 -0.9
‘10 20.0 40.0 -2.6
11 22.0 33.0 -4.4
12 24.0 22.5 -6.1
13 26.0 8.6 -7.9
14 28.0 -8.9 -9.6
15 30.0 -29.8 -11.3
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Member # 12 o _ Typev= Beam

Length = 30.00 £t

Design Results: : W8x35
Total weight of beam = 1.05 kips

Nominal Strength:
Moment 0.9*%*Mn = 67.11 kip-ft

E = 29000.00 ksi

Fy =

Shear 0.9*Vn

36.00 ksi

= 200.23 kips

Section Properties: W8x35 - . :
area= " 10.30 in~2 Ix= 127.0 in"4 - Iy= 42.6 in~4
d= 8.123 in rx= 3.510 in ry= 2.030 in
bf= 8.020 in . sx= 31.20 in"3 sy= 10.60 in~3
Brace Condition : No Lateral Supports Between Two Ends
Load Combination Case For Design: 1.2*D+1.6*L
Section " Distance From Design Moment Design Shear
Number : Left End (ft (kip-ft) (kips)
0o 0.0 3 -65.9 17.3
1 2.0 : ~33.6 15.0
2 4.0 -6.0 12.7
3 6.0 17.1 10.4
4 8.0 35.6 8.1
5 10.0 49.4 5.8
6 12.0 58.6 3.5
7 14.0 63.2 1.2
8 16.0 63.2 ~-1.2
9 18.0 58.6 -3.5
10 20.0 49.4 -5.8
11 22.0 35.6 -8.1
12 24.0 17.1 -10.4
13 26.0 -6.0 -12.7
14 28.0 -33.6 -15.0
15 - 30.0 -65.9 -17.3
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Member # 13

Type = Beam

Length = 30.00 ft

"B = 29000.00 ksi

' Design Results: W12x58
Total weight of beam = 1.74 kips Fy = 36.00 ksi
Nominal Strength: o »
Moment 0.9*Mn = 176.42 kip-ft Shear 0.9*Vn = 330.48 kips
Section Properties: W12x58

area= 17.00 in~2

‘é@= 12.19 in
bf= 10.010 in

Ix= 475.0 in~4
rx= 5.280 in

‘ex= 78.00 in~3

Iy= 107.0 in~4
ry= 2.510 in
sy= 21.40 in"3

‘Brace Condition

No Lateral Supports Between Two Ends

Load Combination Case For Designs 1.2*D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) (kip-ft) (kips)
' 0 ' Q.0 -158.0 37.1
1 2.0 -88.8 32.1
2 4.0 - =29.5 27.2
3 6.0 19.9 22.2
4 8.0 69.5 17.3
.5 10.0 '89.2 12.4
6 12.0 108.9 7.4
7 14.0 118.8 2.5
8 16.0 118.8 -2.5
9 18.0 108.9 -7.4
10 20.0 89.2 ~-12.4
11 22.0 59.5 -17.3
12 24.0 19.9 -22.2
13 26.0 -29.5 -27.2
14 28.0 -88.8 -32.1
15 30.0 -158.0 -37.1
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Member # 14

Type = Beam

Length = 30.00 ft

" Design Results: W12x53 - ‘E = 29000.00 ksi
Total weight of beam = 1.59 kips " Fy = 36.00 ksi
Nominal Strength: )

Moment - 0.9*%*Mn = 154.29 kip-ft Shear 0.9*Vn = 303.26 kips
Section Properties: » W1l2x53

area= 15.60 in~2
d= 12.060 in -

"bf= 9.995 in

Ix= 425.0 in"4
rx= 5,230 in
sx= 70.60 in~3

~Iy= 95.8 in~4
ry= 2.480 in
sy= 19.20 in~3

Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design:

Section
Number

VoONOOdWNEO

Distance
Left End
0.0

30.0

From
(ft)

1.2*%D+1.6*L
. Design Moment Design Shear

(kip~ft) - , (kips)
- =141.4 37.1
=-72.2 32.1
-12.9 27.2
36.6 22.2
76.1 17.3
105.8 12.4
.125.6 7.4
135.5 2.5
135.5 -2.5
125.6 -7.4
105.8 -12.4
76.1 -17.3
36.6 -22.2
-12.9 -27.2
-72.2 . -32.1
-141.4 . -37.1
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Member # 15° ~ Type = Beam | © ~  Length = 30.00 ft

Design Results: W10x39 E = 29000.00 ksi
Total weight of beam = 1.17 kips ~ Fy = 36.00 ksi

Nominal Strength: o
Moment 0.9*Mn = 84.35 kip-ft

Shear 0.9*Vn = 223.56 kips

Section Properties: W10x39 o
area=  11.50 in~2 . Ix= 209.0 in"4 Iy= 45.0 in~4
d= 9.920 in rx= 4.270 in ry= 1.980 in
bf= 7.985 in sx= 42.10 in~3 - sy= 11.30 in"3
Brace Condition No Lateral Supports Between Two Ends
Load Combination Case For Design: . 1.2*%D+1.6*L
Section Distance From Design Moment Design Shear
Number Left End (ft) ’ (kip-£ft) "(kips)
0 : 0.0 -81.4 4.8
1 2.0 : -53.6 13.0
2 4.0 -29.3 11.3
3 6.0 . -8.5 9.6
4 8.0 8.9 7.8
5 10.0 22.8 6.1
6 12.0 33.2 4.3
7 14.0 40.1 2.6
8 16.0 43.6 0.9
9 18.0 43.5 -0.9
10 20.0 40.0 -2.6
11 22.0 33.0 -4.4
12 24.0 22.5 -6.1
13 26.0 8.6 -7.9
14 28.0 - =-8.9 -9.6
15 30.0 -29.8 -11.3
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Type = Beam

Length = 30.00 ft

Member # 16
Design Results: wW8x35
Total weight of beam = 1.05 kips

Nominallstrength:
‘Moment 0.9*Mn = 67.11 kip-ft

E = 29000.00 ksi

Fy = 36.00 ksi

~ Shear 0.9*Vn = 200.23 kips

W8x35 .
Ix= 127.0 in~4
rx= 3.510 in-

Section Properties:
area= 10.30 in~2
d= 8.123 in
bf= 8.020 in

sx= 31.20 in"3

Iy= 42.6 in~4
ry= 2.030 in
sy= 10.60 in"3

Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design: 1.2%D+1.6*L
Section Distance From Design Moment
Number Left End (ft) (kip-ft)

0 0.0 -65.9

1 2.0 -33.6

2 4.0 -6.0

3 6.0 17.1

4 8.0 35.6

5 10.0 49.4

6 12.0 58.6

7 14.0 63.2

8 16.0 63.2

9 18.0 58.6-

10 20.0 49.4

11 22.0 35.6

12 24.0 17.1

13 . 26,0 -6.0

14 28.0 -33.6

15 30.0 -65.9

17.3
15.0

Design Shear
(kips)
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Member # 23 - Type = Beam . Length = 30.00 ft

Design Results: W18x76 v E = 29000.00 ksi
Total weight of beam = 2.28 kips o Fy = 36.00 ksi
Nominal Strength: » S , ;
Moment 0.9*Mn = 307.31 kip-ft ' Shear 0.9*Vn = 433.51 kips
Section Properties: =~  W18x76° . » _ S
area=" 22,30 in"2 Ix= 1330.0 in"4 Iy= 152.0 in~4
' d= 18.210 in ‘ rx= 7.730 in ry= 2.610 in
bf= 11.035 in sx= 146.00 in~3 : - sy= 27.60 in~3
'Brace Condition : No Lateral Supports Between Two Ends
Load Combination Case For Design: 1.2*D+1.6*L
Section Distance From Design Moment .. - Design Shear
Number Left End (ft) {kip—-ft) ' (kips)
0 0.0 ' -215.6 ' 38.9
1 2.0 : -137.9 38.9
2 4.0 - =-60.2 © 38.9
3 6.0 17.5 - : 38.9
4 8.0 95.3 o 38.9
5 10.0 .173.0 -2.6
6 12.0 167.8 -2.6
7 14.0 '162.7 : - =2.6
8 16.0 157.6 - -2.6
9 18.0 152.5 : -2.6
10 20.0 147.4 _ -44.0
11 22.0 : 59.5 ' -44.0
12 24.0 - =28.4 -44.0
13 26.0 -116.3 =44.0
‘14 ‘ - 28.0 -204.3 -44.0
15 ‘ 30.0 : : -292.2 ; . -44.0
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Member

# 24

Type = Beam

Length = 30.00 ft

" Design Results: W18x86 - E = 29000.00 ksi
Total weight of beam = 2.58 kips Fy = 36.00 ksi
Nominal'strehgﬁh: ‘ ’ L ' , L
Moment O0.9*Mn = 363.85 kip-ft Shear 0.9*%Vn = 491.83 kips
Section Properties: W18x86 :
area= 25.30 in~2 Ix= 1530.0 in"4 Iy= 175.0 in"4

d= 18.390 in rx= 7.770 in , ry= 2.630 in
bf= 11.090 in sx= 166.00 in~3 = sy= 31.60 in~3
Brace Condition : No LateraIISupports Between Two Ends

‘Load Combination Case For Design:

1.2%D+1.6*%L

Section
Number

WONOUdWNEO

Distance
Left End
0.0

From

(ft)

Design Moment
(kip-ft)
-183.2
-108.7

-34.2
-40.4
114.9
189.4
181.1
172.8
164.5
156.2
147.9
- b6.8
-34.2
.=125.6
-216.5
-307.5

Design Shear

(kips)
. 37.3
37.3
37.3
37.3
37.3
-403
-4.3

-4-3 .

""403 !

S =4.3
-45.7
~-45.7
=45.7
-45.7
-45.7
~-45.7
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Member # 25

Type

= Beam

Length = 30.00 ft

Design Results:

NominélAstrengt

Moment 0.9*Mn = 307.31 kip-ft

h:

W1l8x76
Total weight of beam = 2.28

kips

E = 29000.00 ksi

Fy = 36.00 ksi

Shear 0.9*Vn = 433.51 kips

Section Propert

ies:

~area= 22.30 in~2

d= 18.210 in
bf= 11.035 in

W18x76 :
Ix= 1330.0 in~4

rx=

7.730 in

sx= 146.00 in"3

Iy= 152.0 in"4
ry= 2.610 in
sy= 27.60 in"3

Brace Condition :

No Lateral Supports Between Two Ends

Load Combination Case For Design:

1.2%D+1.6%L

Section
Number

woONOUITBWNEO

Dist
Left

ance From
End (ft)
0.0

22.0
24.0
26.0
28.0
30.0

Design Moment -
(kip-ft) .
-292.2
-204.3

-28.4
59‘5
147.4
152.5
157.6
162.7
.167.8
173.0
95.3
©17.5
~60.2
-137.9
-215.6

'Design Shear

(kips)
44.0
44.0
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Member # 26

Type = Beam

Length = 30.00 ft

Design Results:

Total weight of beam =

Nominal Strength:

Moment = 0.9*Mn = 363.85

= 36.00 ksi

~E = 29000.00 ksi

= 491.83 kips

Section Properties:

area= 25.30 in"2
- d= 18.390 in
bf= 11.090 in

W18x86 - .

2.58 kips = : ' : Fy

Kip-ft Shear 0.9%Vn
W18x86

Ix= 1530.0 in~4 Iy=
rx= 7.770 in . ry=
sx= 166.00 in~3 sy=

175.0 in“~4
2.630 in
31.60 in~3

Brace Condition :

No Lateral Supports Between Two E

nds

1.2%D+1.6*L

Load Combination Case For Design:

Desigh Moment

Section Distance From
Number Left End (ft) (kip~ft)
0 0.0 -307.5
1 2.0 -216.5
2 4.0 -125.6
3 6.0 . =34.2
4 8.0 - 56.8
5 10.0 . 147.9
6 12.0 156.2
7 14.0 164.5
8 16.0 172.8
9 18.0 181.1
10 20.0 189.4
11 22.0 114.9
12 24.0 40.4
13 26.0 =34.2
14 28.0 -108.7
15 30.0 =183.2

Design Shear
(kips)
45.7
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- Design Results:

Member # 1 Type = Column

Length = 12.00 ft

. W10x49
- Total weight of beam = 0.59 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties:

area= 14.40 in~2 .

- .d= 9.980 in rx= 4.350 in
bf= 10.000 in sx= 54.60 in~3

Iy= 93.4 in~4
ry= 2.540 in
sy= 18.70 in"3

Load Combination Case For Design:

1.2%D+1.6*L

Beta Angle = 0.0

Effective Length Factors:
Kx = 1.23 S
Ky = 1.31

Applied Forces:
Axial Force Pu = 107.28 kips
Smaller End Moment Mxl = 31.14 kip-ft

. Myl = 9.79 kip-~ft
Larger End Moment Mx2 = 63.68 kip-ft
. My2 = 19.38 kip-ft

‘Unbraced Lengthsé
Lx = 12.00 ft
Ly = 12.00 ft

" Nominal Strength:
Pn = 387.36 kips
= 181.20 kip-ft
Mny = 84.90 kip-ft

Member # 2

Type = Column

Length = 10.00 ft

Design Results: W12x87
- Total weight of beam = 0.87 kips

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties: W1l2x87 ;

area= 25.60 in~2 Ix= 740.0 in"4 Iy= 241.0 in~4

, d= 12.530 in : rx=  5.380 in ry= 3.070 in
bf= 12.125 in sx= 118.00 in~3 sy= 39.70 in~3

Load Combination Case For Design:

1.2*D+1.6*L

Beta Angle’=-0.0

Effectivé‘Length Factors:
Kx = 1.13 '
- Ky = 1.31

Applied Forces:

Axial Force Pu = 52.85 kips

Unbraced Lengths:
Lx = 10.00 ft
-Ly~= 10.00 ft

Nominal'strengthz

Pn = 803.51 kips

Smaller End Moment Mxl = 151.88 kip-ft ‘Mnx = 396.00 kip—~ft
: : , Myl = 54.37 kip—-ft Mny = 181.20 kip-ft
Larger End Moment Mx2 = 183.20 kip-ft. ‘ :
: = '65.99 kip-ft

My2
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-Member # 3

Type = Column

Length = 12.00 ft

Design Results:

Total weight of beam

W12x65

0.78 kips

- E = 29000.00 ksi -

Fy = 36.00 ksi

Section Properties:

area= -19.10 in~2
d= 12.120 in
bf= 12.000 in

W12x65 :

Ix= 533.0 in"4
rx= 5.280 in
sx= 87.90 in"3

Iy= 174.0 in~4
ry= 3.020 in

sy= 29.10 in”3

'Load Combination Case For Design:

1.2%D+1.3*W+0.5%L

Beta Angle = 0.0

Effective Length Factors:

Kx = 1.20

 Applied Forces:

Axial Force Pu = 194.27

Smaller End Moment

. Larger End Moment

thraced Lengths:
Lx = 12.00 ft

Ly = 12.00 ft

Nominal Strength:

Member # 4

Design Resultaév

Total weight of beam

Section Properfies:

area= 25.60 in~2
d= 12.530 in
bf= 12.125 in

Load Combination Case For Design:

kips o Pn = 568.42 kips

=. 0.00 kip-ft Mnx = 290.40 kip-ft

= 62.38 kip-ft Mny = 132.30 kip-ft

= 0.00 kip-ft

= 65.01 kip-ft -

Type = Column Length = 10.00 ft
W12x87 " E = 29000.00 ksi
0.87 kips Fy = 36.00 ksi
W12x87 .

Ix= 740.0 in“4 Iy= 241.0 in"4
rx= 5,380 in ry= 3.070 in

sx= 118.00 in"3 . sy= 39.70 in~3

1.2%D+1.6*L .

Beta Angle = 0.0

Effective Length Factors::

Kx = 1.08
Ky = 1.19

Applied Forces:

Axial Force Pu = 124.70

Smaller End Moment

Larger End Moment

kips
0.00 kip~ft
116.43 kip-ft
0.00 kip-ft

141.23 kip-ft

Unbraced Lengths:
Lx = 10.00 ft
Ly = 10.00 ft

Nominal Strength:

Pn = 822.60 kips
Mnx
Mny

396.00 kip-ft
181.20 kip-ft
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Length = 12.00 ft

E = 29000.00 ksi
Fy = 36.00 ksi

Member # 5 Type = Column

Design Results: W10x49

Total weight of beam = 0.59 kips

Section Properties: W10x49

area= 14.40 in~2 Ix= 272.0 in"4

-~ d=" 9.980 in _ rx= 4.350 in
bf= 10.000 in .8x= 54.60 in"3

Iy= 93.4 in~4
ry= 2.540 in
sy= 18.70 in~3

- Load Combination Case For Design:

1.2%D+1.3*W+0.5%L

Beta Angle = 0.0

Effective Length Factors:
Kx = 1.20" ‘ .
Ky = 1.25

Applied Forces:

Axial Force Pu = 86.38 kips

' ‘Unbraced Lengths:

Lx = 12.00 ft

Ly = 12.00 ft

Nominal Strength:

" Pn = 397.64 kips

Smaller End Moment Mx1l = 24.75 kip-ft . Mnx = 181.20 kip-ft
: . Myl = 36.60 kip-ft Mny = 84.90 kip-ft
Larger End Moment Mx2 = 50.61 kip-ft
' My2 = 37.56 kip-ft
Member # 6 Type = Column 'Length = 10.00 ft
. Design Results: . W12x87 E = 29000.00 ksi
Total weight of beam = 0.87 kips Fy = 36.00 ksi
Section Properties: W1l2x87
area= 25.60 in"2 Ix= 740.0 in~4 Iy= 241.0 in“4
d= 12.530 in rx= 5.380 in ry= 3.070 in
bf= 12.125 in » sx= 118.00 in~3 sy= 39.70 in"3
1.2*D+1.6*L"

Load Combination Case For Design:

Beta Angle = 0.0
Effective Length Factors:
Kx = 1.08

Ky = 1.19

Applied Forces:: ‘

Axial Force Pu = 52.85 kips ,
Smaller End Moment - Mxl 151.88 kip-ft

: Myl = 54.37 kip-ft
‘Larger End Moment Mx2 = 183.20 kip~ft
‘ My2 = 65.99 kip—~ft

- Unbraced Lengths:

Lx = 10.00 ft
Ly = 10.00 ft

Nominal Strength:

"Pn'= 822.60 kips

Mnx = 396.00 kip-ft
Mny = 181.20 kip-ft
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"Member # 17 Type = Column

Length = 12.00 ft

Design Results: W14x48
‘Total weight of beam = 0.59 kips

E = 29000.00 ksi
Fy = 36.00 ksi

W14x48
Ix= 485.0 in"4
rx= 5.580 in

. Section Properties:
area= 14.10 in"2
d= 13.790 in
bf= 8.030 in

sx= 70.30 in"3 *

Iy= 51.4 in~4
ry= 1.910 in
sy= 12.80 in"3

LoadICOmbination Case Fot Design:

1.2*D+1.6%*L

Beta Angle = 0.0
Effective Length Factors:
Kx = 1.20 -

Ky = 1.26

4Applied Forces:

Axial Force Pu = 107.28 kips

- Unbraced Lengtha:-
Lx = 12.00 ft
"Ly =12.00 ft

Nominal Strength:

Pn = 314.66 kips

Smaller End Moment Mx1l = 31.14 kip-ft " Mnx = 235.20 kip-ft
Myl = 9.79 kip-ft Mny = 58.80 kip-ft
Larger End Moment Mx2 = 63.68 kip-ft
My2 =19.38 kip-ft
Member # 18 Type = Column Length = 10.00 ft
Design Results: ~ "W12x87 E = 29000.00 ksi
Total weight of beam = 0.87 kips Fy = 36.00 ksi
Section Properties: W12x87
area= 25.60 in"2 : Ix=740.0 in"4 Iy= 241.0 in"4
d= 12.530 in rx= 5.380 in - 'ry= 3.070 in
bf= 12.125 in sx= 118.00 in~3 sy= 39.70 in”3
Load Combination Case For Design: 1{2*D+1.6*L

Beta Angle = 0.0

Effective Length Factors:
Kx 1.09
Ky 1.21

- Applied Forces:

Axial Force Pu = 52.85 kips
Smaller End Moment Mxl

151.88 kip-ft

' Unbraced Lengths:
Lx 10.00 ft
Ly = 10.00 ft

‘Nominal Strength:

'Pn'= 819.08 kips
Mnx = 396.00 kip-ft
Mny = 181.20 kip-ft

, Myl = 54.37 kip-ft
-Larger End Moment Mx2 = 183.20 kip-ft
: My2 = 65.99 kip-ft
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‘Member # 19

Type = Column

- Length = 12.00 ft

Design Results:

W1l2x65

Total weight of beam = 0.78 kips

E = 29000.00 ksi
Fy = 36.00 ksi

" Section Properties:
area= 19.10 in"2
d= 12.120 in
bf= 12.000 in

W12x65 .
Ix= 533.0 in"4
rx= 5.280 in

sx= 87.90 in"3

Iy= 174.0 in~4
ry= 3.020 in
sy= 29.10 in~3

Load Combination Case For Design:

1.2*D+1.3%W+0.5%L

‘Beta Angle = 0.0

Effective Length Factors:

1.20
1.26

Kx
Ky

Applied Forces:

‘Axial Force Pu = 190.66
Smaller End Moment Mxl
‘ "Myl

Larger End Moment Mx2
: My2

kips

15.36 kip-ft
15.20 kip-ft
18.93 kip~ft
30.10 kip-ft

Unbraced Lengths:
Lx = 12.00 ft
- Ly = 12.00 ft

Nominal Strength:

Pn = 568.42 kips
Mnx = 290.40 kip-ft
Mny = 132.30 kip-ft

Member # 20

Type = Column

Length = 10.00 ft

Design Results:
Total weight of beam =

W1l2x87

E = 29000.00 ksi
Fy = 36.00 ksi

Section Properties:
area= 25.60 in~2
d= 12.530 in
bf= 12.125 in

0.87 kips

W1l2x87

Ix= 740.0 in~4
rx= 5.380 in
sx= 118.00 in~3

Iy= 241.0 in"4
ry= 3.070 in
- 8y= 39.70 in"3

Load Combination Case For Design:

1.2%D+1.6%L

Beta Angle = 0.0

Effective Length Factors:

Kx = 1.08
Ky = 1.19

Applied Forces:

_Axial Force Pu = 124.70
/Smaller End Moment Mxl

. Myl
" Larger End Homent Mx2
My2

kips ‘

.- 0.00 kip-ft

116.43 kip-ft
0.00 kip~-ft

141.23 kip-ft

Unbraced Lengths:
Lx = 10.00 ft
" Ly = 10.00 ft

Nominal Strength:

Pn = . 822.60 kips
Mnx = 396.00 kip-ft
Mny = 181.20 kip-ft
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Member # 21 - -~ Type = Column ‘Length = 12.00 ft
Design Results: W14x48 ‘'E = 29000.00 ksi
Total weight of beam = 0.59 kips Fy = 36.00 ksi
Section Properties: = W14x48 : . _
area= 14.10 in~2 Ix= 485.0 in"~4 ' Iy= 51.4 in"4
- d= 13.790 in . = rx= 5.580 i ' ry= 1.910 in

bf= 8.030 in . 8x= 70.30 in~3 o © sy= 12.80 in"3

Load Combination Case For Design:

Beta‘Angle = 0.0
Effective Length Factors:
Kx = 1.20

Ky = 1.25

Applied Forces:

Axial Force Pu = 107.28 kips

31.14 kip-ft Mnx

1.2*D+1.6*L

~Unbraced Lengths:
Lx = 12.00 ft
Ly = 12.00 ft

Nominal Strength:

Pn = 316.85 kips
= 235.20 kip-ft
Mny = 58.80 kip~ft

Smaller End Moment Mxl =
: ' Myl = 9.79 kip~-ft
Larger End Moment Mx2 = 63.68 kip-ft
My2 = 19.38 kip-ft

-Length = 10.00 ft

Member # 22 Type = Column

Design Results: - W12x87 E = 29000.00 ksi

Total weight of beam = 0.87 kips. Fy = 36.00 ksi

Section Properties: W12x87 : ,

area= 25.60 in~2 Ix= 740.0 in"4 " Iy= 241.0 in"4
d= 12.530 in rx= 5.380 in ry= 3.070 in

bf= 12.125 in sx= 118.00 in~3 7 - sy= 39.70 in"3

Load Combination Case For Design:

1.2*D+1.6%L

Beta Angle = 0.0

Effective Length Factors:
Kx = 1.08 }
Ky = 1.19 »

"~ Applied Forces:

Axial Force Pu = 52.85 kips
Smaller End Moment Mxl

151.88 kip-ft
54.37 kip-ft

Unbraced Lengths:'
Lx = 10.00 ft
Ly = 10.00 ft

‘Nominal Strength:

Pn = 821.74 kips
Mnx = 396.00 kip-ft
"'Mny = 181.20 kip~ft

Larger End Moment Mx2 = 183.20 kip~ft
o . My2 = 65.99 kip-ft
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~ Appendix C
Hand Verification

I) Test Structure1: Continuous Beam

D'eavd’,Load :
/Wd =25k
J(LJ,PH u ) L@ L1}

Live Load Wi = 3.0 /ft

lmk' , |20k »b|,20k/ "'Jzok

® @

C.1 Loads On Continuous‘Bean'l_ ‘

Cl1 shdws the structure and applied loads on the continuous beam. Two load

combinations are to be considered: (1) 1.4D; (2) 1.2D +i.6_L; By ihspection, the second

load combination controls. The moment diagram of the continuous beam for the

1.2D+1.6L load combination is shown in C.2. The beams are considered only braced at
the supports. Cb is equal to 1 for the safer reason.
Only members 1 and 2 need to be ‘designed because of the symmetnc loading.

Member 3 and 4 are the same as 2 and 1 respectively.

1) Design Member 1:
Fy =36 ksi, E=29000ksi, C,=1.0
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C.2 Moment Diagram of the Continuous Beam Under 1.2D+1.6L

Unbraced length Ly, =23.5 ft, M, = 604 kip-ft
From the Beam Design Moment charts in LRFD Steel Design Manual (Pg3-64), |

Try:  W24x104
C b/24=85, h/te=431, L=121#, L=35248,
oM, - 780 kip-, M, = 503 kip-f

Check:

A) Flange Local Buckling:
65

A = =10.8
TR
A= b;/2tf =85<A Comp'act Section

B) Web Local Buckling:

640 640
= 106 7
*TVE V6
A=hJt,=43.1<%, Compact Section |
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C) Lateral-Torsonal Buckling :
L=2358>L,=121f

Ly<L,=352f | |

M= Co { My - (M, - 0M) (Lo - L)/ (Le- Ly )}
= (1.0) *{ 780 - (780 - 503) (23.5 - 12.1)/ (35.2 - 12.1) }
=643 kipft >M, =604 kip-f Ok

- Select W 24x104 A36 Steel for Member 1.

2) Design Member 2 :

Everything is the same as Member 1, except unbraced length Ly =25 f.

 M,= 604 kip-ft -
Try: W24x104 |
§Ma = C { $Mj - (M- $M:) (Lo - Ly )/ (Le - L)}
= (1.0)*{ 780 - (780 - 503 0 (25.0-12.1)/(35.2-12.1) }
= 625 kip-ft >M, =604 kip-t Ok

Select W 24 x 104 A36 Steel for Member 2.
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II) Test Structure2  Two Story Unbraced Plane Frame

C. 3 Two Story Plane Frame with Applied loads

Where P = 23.5 kips Dead Load + 7;5 Kips Live Load

~ Wind Load: P P , P P
1.875 kips : | J, 6 ' A', : ‘ J( 9
' ' 3; : C o (8) ‘ | (10) ,
@ - P p 4) 'P' p (6) | 101t
© 4125 kips | \L 5 \I, o ' \L 8
< ) ©
(1)L - (3) (5) 12 ft
Veravd 77 Ve
L I
I o |

In this calculation, three load combinations will be considered : 1)14D;(2) 12

D+16L;(3) 12D+13 w +0.5 L. The design results from the program are shown in

"~ Table C.1.

Table C.1 . Design Results from the Program

Member Design Member Design
Number - Results Number Results
1 ‘ W 8x31 7 W 18x86
2 - W 12x40 8 W 18x86
-3 W 8x31 9 W 18x86
4 - W 5x19 10 W 18x86
5 W 8x31 ‘ e
6 W 12x40
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1) Design Columné:_
~A) Calculate K,: o
To calculate inplane effective length factor K for each column, the G value at each

joint needs to be calculated first.

( where X indicates a summation of all the members rigidly connected to that joint, I is
the moment of inertia, and L. the unsupported length of a column, I, is the moment of
inertia, and Lg unbraced length of a girder ). The computed G values are shown in Table

C.2.

Table C2 G Values for Cé.lculatir;g K,

Joint Number G | Joint Number G
1 1.0 6 0.029
2 0.788 7 1.0
3 0.608 .. 8 1.02
4 1.0 9 0.839
5 - 0.118

Using these G values, K, can be found from the alignment chart for effective length
of columns in the LRFD Steel Design Manual (Pg. 6-153). The Kx values for each

column are shown in Table C.3. K, is out-of-plane and its default value is set to 1.
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B) Calculate Required Moment Mu:

Table C.3 Effective Length Factor Kx

Member Kx

‘Number .
1 1.29
2 1.23
3 1.19
4 1.02
5 131
6 " 1.30

The required moment for beam-column desigri is obtained by considering the

second order moment, which is calculated according to the LRFD manual section H1-2.

 M=B* My, + B*My

Table C.4 shows the mefhbe'r axial forces and end moments for dead load. Table »

C.5 shows the member axial forces and end moments fof live load. Tabie C.6 shows the

membver axial forces and end moments for wind load.

, Table C.4 Member End Forces for Dead Load .

{ Member Axial Force I-End Moment | J-End Moment

Number (kips) (kip-ft) ~(kip-ft)
1 39.46 - -17.66 -34.69

2 19.14 -69.00 -78.94

3 -104.30 -0.00 0.00

4 -53.39 0.00 0.00
-5 -39.46 17.66 -34.69
6 _-19.14 69.00 . 78.94

7 10.43 103.69 -178.98

8 -14.80 78.94 190.99

9 - 10.43 178.98 -103.69
10 -14.79 - 190.99 -78.94 .
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Table C.5 Member End Forces for Live Load

Member Axial Force I-End Moment | J-End Moment
Number _(kips) _(kip-ft) (kip-ft)
1 -12.98 -5.72 -11.23
2 -6.29 -22.34 -25.56
3 -34.04 0.00 0.00
4 -17.42 0.00 0.00
5 -12.98 572 11.23
6 -6.29 22.34 25.56
7 3.38 33.57 -57.95
8 -4.79 25.56 -61.83
9 '3.38 57.95 | -33.57
10 -4.79 61.83 . - -25.56
Table C.6 Member End Forces for Wind Load
Member Axial Force | I-End Moment | J-End Moment
Number (kips) ~(kip-ft) ~ (kip-ft)
1 0.85 - 12.84 10.01
2 0.20 10.82 3.24
3 0.01 14.07 12.67
4 0.01 4.63 ~5.70
5 -0.86 12.60 9.79
6 -0.21 1.00 336
7 -2.63 -10.83 . ~8.66
8 -1.47 -3.24 -2.82
9 -1.43 -8.64 -10.79
10 -0.44 -2.88 . =3.36
Mux =B *M,+B,*M [LRFD H1-2]
The coefficient C,, can be calculated as:
Cn = 0.6 -0.4*(Mi/M,) [LRFD H1-4]
B; =Cun/(1-P/P;) >=1 [LRFD H1-3]




where P, = A;*Fy/(Ao)?

L K6
* mVE

, M, , M; are the factored smaller and larger moments at the ends of column in the
plane of the bending.
The sway magnifer B, is given by the LRFD HI1-5 as: |

B, = ———

XP
1- u
2P

- or o : ]_32 = 1 A
v 1-ZP, (=)
. THL

Table C.7 shows the calculation of the requiréd flexural strength My, and factored
axial force P, for load combination 1.2 D+1.6 L. Table C.8 shows the calculation of the
vrequired flexural strength M, and factored axial force P, fovr’lo,a'd ’chbinatioh 12D +13

W+0S5L.

‘Table C.7 Reqﬁifed Flexural Moment My, and P, for 1.2D+1.6L

Member M, M, P. M, = Can B; | M,=B;:M,
Number 5 1.2D+1.6L M;=0
1 -30.65 | -60.20 | 69.56 6020 | 04 |10 60.20
2 -119.76 | -137.00 | 33.72 137.00 025 |10 - 137.00°
3 .0.00 ]  0.00 |182.47 0.00 \ \ -0.00
4 0.00 0.00 | 93.36 - 0.00 \ \ 0.00
5 30.65 60.20 | 69.56 60.20 04 |10 60.20 "
6 119.76 | 137.00 | 33.72 137.00 025 [1.0 137.00
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Table C.8 Required Flexural Moment M, and P, for 1.2D+1.3W+0.5L

Member P, B, My= | B2 M= M=
Number 1.2D+0.5L 13W | BiM+BMy
1 54.18 1.0 47.24 1.20 16.69 67.27
2 26.54 1.0 107.50 - | 1.07 421 112.00 .

3 145.00 \ 0.00 1.20 18.29 21.95
4 74.20 \ 0.00 1.07 7.41 7.93
5 56.40 1.0 47.24 '1.20 16.38 66.90
6 2710 | 1.0 107.50 1.07 437 112.20

- To design the beam-column, the resistant strength of the column should meet the -

interaction formulas presented below:

For P,/¢P,>0.2

P, 8 M, M, |
44— L S <1.0 1-1a)
. d)Pn 9 (d)anx (beny ) ‘ ) (H . )

For Pw/¢Pn <02

. M .
P Ms , Mwy90 @b
2‘bPu (benx ¢any .

Table C.9 shows the results of the ca'lculations,‘ for the cdlumns using above

formulas for load combination 1.2D+1.6L. Table C.10 shows the same calculations as

Table C.9 but for 1.2D+1.3W+0.5L. The bending term for the y-axis is omitt_ed.' The

norminal axial strength P, of the column is calculated according to LRFD Secﬁon E2. The

nominal flexural strength M, is calculated according to LRFD Section F1.
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Table C.9 Unity Checks for LRFD Beam-Column Interaction Formulas forl.2D+1 .6L ,

Memeber | P, ¢P, PJ/¢P, M ¢uMsx | Ratioof | Check
Number , o o Hl-1a, b

! 69.56 | 214 0.325 -60.20 82.10 - 0.977 <1 ok

2 33.72 295 | 0.114 ]137.00 |155.00 | 0.941 <1 ok

3 182.47 214 0.853 0.00 / - 0.853 <1 ok

4 93.36 107 | 0.870 0.00 / 0.870 <1 ok

5 :69.56 214 0.325 60.20 82.10 - 0.977 <1 ok

6 33.72 312 0.108 137.00 | 155.00 0.941 <1 ok-

Table C.10 Unity Checks for LRFD Beam-Column Interaction Formulas

for 1.2D+1.3W+0.5L

2) Beam Design:

Memeber | P, OPn | PJ/OP, Mu | $oMix Ratio of Check
Number : ' , ' Hl-1a, b

' 1 54.18 214 0.253 67.27 | 82.10 | 0.982 <1 ok

2 26.54 295 0.09 112.00 | 155.00- 0.768 <1 ok

3 145.0 | 214 0.678 ~21.95 | 82.10 0916 -~ | <1ok

4 -74.2 107 0693 | 793 | 29.20 0.965 <1 ok

5 56.4 214 0.264 6690 | 82.10 0988 ° | <lok

6 - 27.1 295 0.09 112.20 | 155.00 0.768 <1 ok

There are four beams in this frame. Because of the 'symnietry of the structure and

gravity loadings. The design results for beams 7 and 8 will be the same as for beams 9 and

10. From the analysis results of the frame usingRisa-Z_D and STAAD-III . The load

combination 1.2D+1.6L is the critical case. The moment diagrams of members 7 and 8 for

this load combination are showﬂ in C.4. Beams 7 and 8 are verified in thxs calculation.

Cy is equal t(l)l,kfcr both members.
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C.4 Moment Diagrams for Members 7 and 8 for 1.2D+1.6L

Design Member 7: »

F,=36ksi, E=29000ksi, Cp=1.0

~ Unbraced Length L, =30.0 ft, M,=307.5 kip-ft

From the Beam Design Moment chart in LRFD Steel Design Manual (Pg3 -69)
Try: | W 18x86 o

bi2t:=72, hftu=334, L,=1108, L,=355f,
| M, = 502 kip-,  OM, =324 kip-t
Check: ' |

A) Flange Local Buckling:
65

A = =10.8
P Ji’: |
A=bd2t;=T72<A}, - Compact Section
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B) Web Local Buckling:

640 640 106.7

»~JF 36

| A=h/ty= 33‘.4 <M Compact Section

C) Lateral-Torsonal Buckling :

L, =300t >L,=11.0f

Ly <L, =35.5ft | |

M. = Cy { $M, - (OM, - 9M,) (Lo -Lp) / (Le-Ly)} -
= (1.0)*{ 502 - (502 - 324) (30.0-11.0)/ (35.5-11.0) }
=364 kip-ft >M, = 307.5 kip-f Ok |

Select W 18x86 ‘A36 Steel For Members 7 and 9.

Desngn Member 8:

Ti'y:

Fy=36ksi, E=29000 ksi, Cu, = 1.0

unbraced lengfh L,=30.0f, M,=328.1 kip-ft

From the Beam Design Moment chart in LRFD Des1gn Manual (Pg3-69)
W 18x86

All the calculations ére the same as member 7.

¢M, = 364 kip-ft >Mu 328.1 kip-f

Select W 18x86 A36 Steel For Members 8 and 10.
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