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Abstract 

The purpose ofthis thesis is to develop a multimedia simulation tool that allows 

for the investigation oftensile member connection analysis and design. The motivation 

behind the creation ofthis software is to meet the needs ofstudents and their different 

learning styles for the education of tensile member connections. It is the intent ofthe 

program to enhance the student's ability to visualize the failure modes that exist in 

tension member connected systems. The overall objective ofthe program is to produce 

an aide to improve the classroom experience, while at the same time allow students to 

develop a feelfor tensile member design outside ofthe classroom. 

Current in-class methods allow for students to see the before and after of 

connection failures through the use ofstatic models. However,these methods fall short 

in their ability to exemplify the dynamic propagation ofthe failure through the material. 

Computer simulation serves as a means by which the gap between static examples and 

real-time dynamic modeling can be bridged. Simulation allows for an animated time-

result comparison that, combined with proper instructional interface, can result in a 

computer aided tutorial program. 

The title ofthe developed computer aided teaching tool is the Tension Connection 

Analyzer. The Tension Connection Analyzer is an educational tool that serves both the 

instructor and the student as a supplemental device for the topic of tensile member 

design. With minimal in-class demonstration time,the instructor can send students home 

with an easy-to-use Windows based program that will help the students visualize the 

topic of tensile member design. Since the program has its own on-line help, the 
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instructor can feel confident that the students will be able to quickly learn how to use the 

program,in order to getthe most outofthe program. 

The Tension Connection Analyzer consists oftwo modes offimction, analysis and 

demonstration The analysis mode serves as a tool for the students with a better feel for 

the methodology to investigate "what if' scenarios for connection patterns. While the 

demonstration mode, being more visually oriented allows the students to view numerous 

failure paths and the corresponding failure loads,in order to more quickly get a feel as to 

what the "most likely" failure paths might be for different connection patterns. This 

ability to predict the controlling failure paths will allow the students to become more 

productive outside the classroom as well as on examinations. 

Through all ofthe aspects contained in the Tension Connection Analyzer,it can be 

seen that the need for an educational media in the area oftensile member design has been 

met. The Tension Connection Analyzer affords an instructor the comfort of sending 

students home with a tool that not only gives numerous samples,but also allows students 

to check their hand calculations. In short, instructors gain flexibility in their approach to 

the topic, and students ofall learning styles are given the opportunity to gain competency 

in the topic oftensile members. 
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Chapter1 

Introduction 

The pmpose ofthis thesis is to develop a multimedia simulation tool that allows 

for the investigation oftensile member connection analysis and design. The motivation 

behind the creation ofthis software is that ofenhancing the student's ability to visualize 

the failure modes that exist in tension member connected systems. Current in-class 

methods allow for students to see the before and after ofconnection Muresthrough the 

use ofstatic models. However,these methods fall short in their ability to exemplify the 

dynamic propagation ofthe failure through the material. Computer simulation serves as a 

means by which the gap between static examples and real-time dynamic modeling can be 

bridged. Simulation allows for an animated time-result comparison that, combined with 

proper instructional interface, can result in a computer aided tutorial program. This type 

oftutorial program is the primary goal ofthis thesis. The objective ofthis program is to 

produce an aide to enhance the classroom experience, while at the same time allow 

studentsto develop afeelfor connection design outside ofthe classroom. 

Bacl^round 

From elementary schools to universities,teachers are looking for the best methods 

that will allow their students to learn more eflSciently while at the same time maintaining 

topic interest. As students get older they begin to develop their own individual learning 

styles. As they reach the college level, professors find themselves with a classroom filled 

with a variety of learning styles. These learning styles range from theoretical to those 

who prefer hands-on methods. The students with the theoretical learning styles are those 
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who are satisfied with the theory behind a particular procedure and do not require a 

practical application in order to fiilly grasp the topic [1]. While on the opposite end of 

the spectrum, the students that are ofa sensing nature want specific examples that give 

real-world applications. With such a wide range oflearning styles, the instructor finds it 

difficult to meet the needs of all of the students. The instructor must decide how a 

compromise can be reached between abstract theory and real-world visualization. 

This compromise is particularly important when teaching tensile member 

connection design. The instructor is burdened with the need to combine the complex 

theory and methodology behind the engineering codes with ample visualization through 

real-world examples. The specifications for tensile member connections, found in the 

American Institute ofSteel Construction's(AISC)Load and Resistance Factored Design 

(LRFD) manual [2], require a knowledge of the grades of steel, beam cross sections, 

bolts, etc. in order to investigate the fimctionality ofa particular connection. With aU of 

these parameters in mind,it becomes apparent that actual hands-on examples can become 

very costly. Therefore,budget constraints are another fector that inhibit teachers. 

These constraints have led to one current method used in teaching this topic. This 

method includes the use ofsmall-scale models ofthe before and after versions oftensile 

member systems. Each model only shows the failure mode due to a specific loading 

condition. While an example ofthis nature does allow students to see how a particular 

system reacts to a given load, it does not allow for any variation ofthe parameters. For 

example,the students caimot physically view the various paths ofcrack propagation that 

exist in block shear studies. The inability to change different parameters ofthe system 

places the advantage back on the intuitive student and the disadvantage on the sensing 
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student. This is caused by the resurgence ofthe theoretical nature ofthe topic and the 

reliance onthe student to visualize alternative failure modes. 

Another area that yields a disadvantage for the sensing student is the time restraint 

aspect ofthe class. In courses where the subject oftensile member coimection design is 

covered, this topic is not the only area of emphasis. Therefore, only a portion ofthe 

semester can be designated to this topic. The compression of topic discussion forces 

students to grasp certain concepts such as block shear at an elevated pace. This elevated 

pace often forces some students to pick-up the details of the topic outside of the 

classroom. Often times several shear failure paths may exist for a certain system,and the 

student must perform several iterations ofanalysis in order to determine the controlling 

path. This fact not only requires that a student accept the phenomena without being able 

to visualize the process, but it also requires the student to spend extra time doing several 

iterations of the hand calculations involved in solving tensile systems. Combining the 

aspects of budget and time restraints it can be seen that, for this particular area of 

structural design,students with poor visualization skills are placed at a disadvantage. 

Use ofSimulation 

A particular field ofstudy has been developed in order to deal with the inability to 

model certain phenomena due to lack offunding and shortages oftime. This field is 

known as simulation. Simulation allows for real-time evaluations to be performed on 

given systems through the use of computer-aided design. In the area of education, 

simulation has the ability to enhance topic comprehension without causing an increase in 

necessary lecture time. Yet, while the positive aspects ofsimulation and computer aided 

design(CAD)are recognized by educators, topic specific educational software packages 
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remain small in number. However,through the efforts ofsome universities, educational 

simulators are onthe rise. 

The Department of Civil and Mechanical Engineering at the United States 

Military Academy at West Point,NY,has been very active in the creation ofeducational 

software for use in undergraduate engineering programs. This department has produced 

such applications as the: CME-Stacker, CME-Truss, CME-Frame, Visual Stress 

Transformer, Trebuchet for Windows, and West Point Bridge Designer [3]. The CME 

Stacker educates students in the Direct Stiffiiess Method of structural frame analysis 

through the assistance in the creation oflocal stiffiiess matrices for given truss and frame 

members. The knowledge ofthe Direct Stiffness Method is then put to use through the 

CME-Truss and the CME-Frame applications. These two applications are two-

dimensional truss and frame analysis programs, respectively, for windows. These 

applications allow the user to select AISC shapes as members, and then the program 

utilizes the Direct Stiffiiess Method to solve for problem solutions. 

The Virtual Stress Transformer is a program aimed to aid in the comprehension of 

two-dimensional stress transformation and the use of Mohr's Circle [4]. This program 

keeps the sensing student in mind,in that it helps the student visualize the variation ofthe 

normal and shear stresses with changing orientation. The program allows the student to 

simultaneously view the rotating stress block and an animated Mohr's Circle so that the 

relationship between the plotted points on the circle and the stresses in the material can 

be seen. This animation gives the sensing student the specific example that is often 

necessaryfor full comprehension. 



 

 

The Trebuchet also aids the sensing student in that the solution to atwo-degree of 

freedom dynamic system is set in motion. This program adds a little ftin to the process of 

xmderstanding dynamic systems for all learning types. The Trebuchet program simulates 

the motion ofmedieval catapults and plots the results ofthe formulated solutions to the 

governing differential equations ofmotion. This gives all styles ofstudents the ability to 

combine some playfulness with differential equations,a combinationthat is rarelyfound. 

The West Point Bridge Designer is the most popular of all the West Point 

programs. This program introduces the engineering design process as it guides the 

student through the two dimensional design ofa bridge. This program focuses on the 

needs of the sensing student in that it provides hands-on design e3q)eriences. These 

experiences include realistic specifications, constraints, and performance criteria. The 

Bridge Designer also allows the student to visualize the structural behavior of a user 

designed bridge by demonstrating failure modes and visually identifying the stress levels 

in various members. The program givesthe user the capability to: 

- Develop a structural model 

Select materialand cross-section 

- Runsimulated load tests 

Optimize design to minimize cost 

With these features, the West Point Bridge Designer takes the user through all ofthe 

steps of the engineering design process. The combination of design and simulation 

allows students to leam while also attaining experience with a computer aided design 

software package similar to whatcan be seen in industry. 



Other simulation software for civil engineering applications has been developed, 

such as The Deflect Program and CIVCAL [5, 6]. While applications such as The 

Deflect Program and CIVCAL serve to promote computer aided learning in general,the 

West Point applications of computer aided design and simulation in civil engineering 

have helped to set the standard for the use of computer software in education. By 

achieving this standard set by West Point, it is the goal of this thesis to continue the 

success of computer aided design software and its use in education for the purpose of 

enhancing a student's comprehensionoftensile cormection design. 

Specific Objective 

The Tension Connection Analyzer is designed to link together abstract theory with 

real-world visualization in the teaching of tensile member cormection design. The 

program will allow professors to span the range ofindividual needs between the intuitive 

and sensing students. The program will permit the intiritive students, who are satisfied 

with theory, to quickly work through example problems and check their hand written 

work. While on the other hand the program will permit the sensing students to view an 

animated model ofthe tensile member system and its resulting modes offeilure. Also, 

the students who learn best through numerous examples will not be held back by time 

restraints. The program will allow them to quickly perform numerous examples Avith 

different beam cross-sections and bolt types. For each example the student will not only 

see the calculated result, but also will be able to view a dynamic simulation of all 

possible feilure modes. By fiilfiUing these classroom needs, a professor can use the 

methods that he or she feels comfortable with in teaching the topic in class and know that 

the students have this program as supplementalinstruction outside the classroom. 
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In order to fulfill the aforementioned educational needs, the following 

characteristics were used in the multimedia simulation tool: 

- The program is a Microsoft Windows95/98/NT application with full 

graphical user interface. 

- To accomplish this goal, the program was written using Microsoft 

VisualBasic 6.0. 

- The program is capable ofoperating in two separate modes, either in 

"analysis mode"or"demo mode". 

In analysis mode,the program: 

- allows the user to determine the load capacities of specific failure 

paths, 

- permits the user to input all the variables necessary to define a 

particular fi-acture and block shear path, 

- shows the calculations performed in determining the design strength 

ofthe connection. 

In demonstration mode,the program: 

- gives the user the ability to select a feilure demonstration firom a 

choice ofsbc different connection patterns, 

- takes the userto a screen showing the governing equations along with 

a "VCR" that presents the user with a series of failure animations 

fi-om which to choose. 

While each mode has its own distinctions, they both have the following 

characteristics in their graphical user interface: 
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- achoice between A36and A572grades ofsteelfor sections 

- a choice ofstandard W-shape,angle,and channelsections 

- achoice between A325 and A490gradesofsteelfor bolts 

- a choice ofbolt head type: hex or square 

- a choice ofbolt diameter 

- a choice ofsquare or staggered connection patterns 

- achoice ofnumber ofboltsin a connection 

The program also contains a comprehensive help utility. The help utility directs 

the user on how to manipulate through the software with a step-by-step tutorial. The help 

also gives a background to the topic oftensile connections and defines all variables used 

in the calculations. 

The Tensile Connection Analyzer is an educationaltoolthat supplies students with 

the capability to comprehend the topic of tensile connections no matter what their 

learning style. For instance, the program allows the intuitive student to receive instant 

feedback on realistic Mure paths, as well as paths created in "what if' scenarios. The 

program gives the sensing style student the capability ofsifting through animated failure 

paths in order to visualize the characteristics of controlling Mure paths. While each 

learning style will gain understanding fi-om the program in different ways, both will be 

capable ofrecording their designs as hard-copy printed output. 



 

 

 

Chapter 2

Explanation of Tensile Connections

The overall strength of a structural system is limited by the strength of the

individual components of the system. The testing of a tensile member and its connection

determines the axial loading capacity that a member can resist without failure. Figure 2.1

exemplifies the application of axial load used in testing of tensile members. This testing

encompasses failure due to either the yielding of its gross cross-sectional area, the

fracture (separation) of the member through the bolt holes, or a combination of fracture

and yielding at the connected area. These three forms of failure are classified as:

- tensile yield

- tensile fracture

- block shear rupture.

Figure 2.1 Tensile Load

First, a general explanation and the governing equations for all three failure

modes will be presented. This will be followed by a detailed example showing all

required calculations.



 

 

Tensile Yield

Tensile yield occurs when the load placed on a cross-section reaches the yield

strength of the material. Failure of this manner occurs away from the connection, as can

be seen in Figure 2.2.

Tensile Fracture

Tensile fracture is the separation of a member under an axial force. Tensile

fracture occurs at the path that has the least resistance. Hence, a path through the bolt

holes would be more likely to fail than one through a section away from the connection.

Figure 2.3 shows one of the possible fracture paths under axial force P.

o /
yielding

o \

Figure 2.2 Example of Tensile Yield

O

Figure 2.3 Example of Tensile Fracture Path



Block Shear

Block shear is a combination of yielding and fracture. It is a limiting state that is

determined by the sum of the shear strength and tensile strength along a particular failure

path. An example of block shear can be seen in Figure 2.4. For all designs, all three

failure modes must be studied in order to determine the limiting design strength for a

given tensile member.

Figure 2.4 Example of Block Shear Path

Design Strength

For any design, the design strength of tension members, T, shall be the lowest

value obtained according to the limit states of yielding in the gross cross-section, fracture

in the effective net section, and the shear rupture (block shear).

Yielding

For yielding in the gross cross-section, the tensile yield design strength, 7), is the

product of the tensile reduction factor, (f),, and the nominal strength of the cross-section,

P„t [2, Section D].

T, = (l>A,
<!>, = 0.90

Pm = ApPy



 

Agt = gross cross-sectional areaofmember 

Fy = yield stress 

The gross area ofa member at any point is the sum ofthe products ofthe thickness and 

the gross width ofeach element measured normal to the axis ofthe member[2, Section 

B]. 

Fracture 

For fracture in the effective net section, the tensile fracture design strength, Tf, is 

the product ofthe fracture reduction fector, ̂ /, and the nominal axial strength,P„/[2, 

Section D]. 

Tf = <l>fP„f (3) 
^/=0.75 

P.f = (4) 
Ae=effective net cross-sectional area 

Fu=ultimate tensile strength 

A=UA„ (5) 

U=shear lag reduction factor(explained below) 

A„=net cross-sectional area 

A„=Ag-n^ ^.4 t (6) 
V 8. 

rih =number ofholes in fracture path 

db=diameter ofbolts. 

t =thickness ofweb 

In equation(6)above,the value 1/8 is measured in inches. Using U.S.Customary 

units, the size ofa hole must be 1/8" larger than the diameter ofthe bolt,(1/16" larger 

than the bolt for tolerance and 1/16"for damage.) 

Staggered hole patterns occur whenever there are holes that are not aligned 

transverse to the loading direction,as seen in Figure 2.5. 
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Figure 2.5 Example of Staggered Hole Pattern

When this situation arises, the shortest fracture path may not be in a straight line between

the top and bottom of a cross-section. The controlling failure path is the one consisting

of the minimum net area. The amendment added to the previous equation for the net area

can be seen in equation (7). This addition accounts for the "additional" path length.

Equation (6) is modified to become:

^n=A,-n,\d,+^t + n, ̂  t
s = the spacing between two diagonal holes,

parallel to the loading direction

g = the gauge distance between two holes
transverse to the loading

rid = the number of diagonal paths in
the failure path

Equation (7) assumes the bolts in the connection
are regularly spaced



 

 

Shear lag is defined as the non-uniform stress in wide plates or plate elements of 

rolled sections when a tensile load is applied non-uniformly[2, Section B]. This type of 

stress can occur when a load is applied eccentrically. The shear lag reduction factor, U, 

can be computed by equation(8): 

U=min l--,0.90 (8)
L 

X=the centroid ofa cross-section(see Figures2.6,2.7,2.8) 

[LRFD,Commentary- SectionB] 

L=the length ofconnectioninthe direction ofloading 

Also,average values ofUexist for certain bolted connections. These values are based on 

two categories ofconnections: those withtwo connections inarow in the direction ofthe 

applied load, and those with three or more connections per line. The following 

conditions governthe valuesfor the reductionfector: [2,Commentary- SectionB] 

- W,M,or S shapes with flange widths not less than two-thirds the 

depth, and structural tees cut firom these shapes, provided the 

connection is to the flanges and had no fewer than three festeners per 

line in the direction ofstress, U=0.90 

- For all other shapes (including built-up shapes) with at least three 

fasteners per line, IJ=0.85 

- All members having only two fasteners per line in the direction of 

stress, U=0.75. 
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hX 

ZL 

iyni-. 

Figure 2.6Centroid for Angle Section 

g7
jf/ 

Figure 2.7 Centroid for ChannelSection 

Figure 2.8 Centroid for W Section 
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Block Shear 

Block shear is a limit state in which the resistance is determined by the sum ofthe 

shear strength on a Mure path(s) and the tensile strength on a perpendicular segment. 

The design strength for block shear rupture, Tt,can be determined as follows in equations 

(9,10a,b)[2,Section!]: 

(9) 

^i=block shear resistance factor=0.75 

P„b= nominal block shear load 

where, 

Pnb =0.6FyAg,+F„A„, (10a) 

ifF„^„,>0.6F„^^ 

or. 

P„,=0.6F,A^+FyA^ (10b) 

if0.6F„A^ > F^A„, 

Agv=gross area subjectto shear(total shear length) 

A„v=net area subject to shear(totalshear length minus 

area ofholes and damage) 

Agt == gross area subjectto tension 

A„t=net area subject to tension 

Limiting Design Strength 

Based on the three possible Mure modes,tensile yield,tensile fracture,and block 

shear rupture, the design strength for a given pin connected tension member can be 

determined. The design strength, T, for the member is the minimum value of the 

computed design strengths: 

r=min(7;,7>,rj (11) 
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Asample design strength calculation is presented below. 

Sample Calculations 

For Angle:5 x 3 x 54 LLV angle section, calculate the design strength for the pattern in 

Figure 2.9. Consider A572steel, with Va, in. diameter bolts. 

FromLRFD manual2°^ edition. 

Ag= 1.94 in t= m X=0.657 in Le'=\ in Le= 1V4 m 

Fy=50 ksi Fu=65 ksi db=%in g= 1.75 m s=2.25 m 

Y 

■X 

Le' 

-m-
<'X y 

'.t r'VyV(Tl- 5,00 

''i',a'-> -■■•'"f. .3!Xj- *^1. 
w5' .-^T^'v 

5 J, ^4.^" 
I Jrr , c . y-i

' '4 ^-'' 

•Le- ■3.00-

Figure 2.9 Angle with Connection Pattern 1-2-3-4 (all dimensions are in inches) 

17 

https://�Le-�3.00


Tensile Yield: 

T, 

(!>, =0.90 

=AgFy=(l.94)(50)=97.00kips 
T;= =(0.90)(97.00)=87.3kips 

Fracture: 

Due to the number of bolts and the given pattern, three different 

failure paths for fracture must be examined. In addition to the 

equations presented earlier, the number ofholes in the failure has 

to be considered. 

Path#l: 1-2, %P=0.50*(See Figure 2.10) 

V-

Figure 2.10 FracturePath 1-2 

* Note: Onlytwo ofthe four holes are involved in the fracture path, 

therefore only halfofthe load is associated with fracture path 1-2, 

whereby,%P=0.50. 

<l>f =0.75 

Kf=A,Fu 
A,=UA„ 
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U =niinfl-^2 .0.9oj = min 1 - j,0.90j = .708
A = 4 - ««(''» + i)' = 1 •9'' - 2( f+i H = 1 -503 in'
= UA„ = (O.TOSXl.503)= 1.064 in^

P;^ = A,F, = (l .064X65) = 69.16 kips

= = m.32kips
^ %P .50

Therefore, the design load for fracture path 1 - 2 is,

Zy, = (f>fP. = (0.75X138.32) = 103.74%^

Path # 2: 3-4 %P = 1.00* (See Figure 2.11)

Figure 2.11 Fracture Path 3-4

Note: Path #2 is identical to Path #1, except that %P = 1.00 because

aU of the holes are included in this path, whereby the entire load is

accounted for. Since the effective area of Path #2 is identical to

Path #1, P^f is the same for both paths.



 

=69.\6kips 

P^f 69.16 
=69.16kips 

%P 1.00 

Therefore,thedesign loadforfracture path3-4is, 

Tf2 =(f>fP,^ =(0.75X69.16)=51.87kips 

Path#3: 3-2 %P=0.75'(See Figure 2.12) 

o 

Figure 2.12FracturePath 3-2 

*Note: Three ofthe four holes are involved inthe fracture path, 

therefore only three-fourths ofthe load is associated with 

fracture path 3-2,whereby,%P=0.75. 

Tf-^^P^ 

<l>f =0.75 

P'nf =APu 
A=ua„ 

due to the diagonal path between bolt3&2, 

, n 
du +-\t+n„ 
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A„ =1.94-2f- + -l- + [ J- = 1.68m'U 8j4 1,4(1.75)J4
= UA„ = (0.708X1.68) = 1.19

=(1.19X65)= 77.35

„ P'„f 77.35
= —— = = 103.13

^ %P .75

Therefore, the design load for fracture path 3 - 2 is,

7>3 = <l>fP„f = (0.75X103.13)= 77.35 kips

The governing fracture load comes from the path with the lowest

design load:

7y = min [Tyi, ry2, j = min[l 03.74 kips, 51.87 kips, 77.35 kips\
= 51.87 kips

Therefore, the governing load in fracture is 52 kips and the

controlling failure path is path #2.

Block Shear:

*Note: /v is the shear length in the failure path, parallel to the load

U is the tensile length in the failure path, perpendicular to the load.

Figure 2.13 Block Shear Path 1-1-L



Path #1: 1-L,%P=0.25*(See Figure 2.13) 

*Note: Only one ofthe four holes are involved in the block shear path, 

therefore only one-fourth ofthe load is associated with 

fracture path 1-L,whereby,%P=0.25. 

^^=/,^=(l.25X.25)=.313/«' 

-=.203m^ 
4 

A^^A^-nid,+^t=.^n-.5 

A =/,/=(l.00X.25)=0.25/.in 

(, I 
A/ =^gt-nh ^b+^\t=A^-0.5 -=.141w'v4''8y 

If F^A„,>0.6F,A^ 

then P^'=0.6FyA^+F,A„, 

else P„^'=0.6F,A^+FyA^ 

F^A„,=(65X.l4l)=9.l4kips 
0.6F^A^=0.6(65X.203)=7.92kips 

FAw^nt >0.6FAu nv■* — 

J>;,=0.6F,J„+F,A^ =(0.6X50X.313)+(65X.14l)=18.54tfps 
P =^ = 1^ = 74.16 kips

"" %P .25 

Therefore, the design load for block shear path 1 - L is, 

T„=^,P^=(0.y5XTi.l6)^55.62klps 
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Figure 2.14 Block Shear Path 2-1-L

Path #2: 2-1-L, %P = 0.50* (See Figure 2.14)

*Note: Two of the four holes are involved in the block shear path,

therefore only half of the load is associated with

fracture path 2-1-L, whereby, %P = 0.50.

^„=/,t = (l.25X.25) = .313/>

A^=A^-n\d,+^t = 3n-.5\- + ̂- = 203m''
4 8)4

Ag, = l,t = (2.75X.25) = .688 in'

( M f 3 M1
A^=A^-n, d,+- t = .688-1.5 - + - -^ = .360m'^nt --^gt "A "A

4 8)4

If > 0.6F„^^

then />„; = 0.6FyA^ + F^A^

else P;^=0.6F^A^+FyA^

F^A^ = (65X.360) = 23.40 kips
0.6F^A^ = (0.6X65X.203) = 7.92 kips

F^A„,>0.6F^A^



P;^=0.6F,A^+F,A.=(0.6X50X.313)+(65X.360)=32.77hiPj 
P' 32.77P — "b 

nb 
=65.54kips 

%P .50 

Therefore,thedesign loadfor block shear path2-1-Lis, 

I'm = =(0.75X65.54)=49.15Ups 

Path #3:1-3-L, %P=0.50 (See Figure2.15) 

Figure 2.15 Block ShearPath 1-3-L 

*Note: Two ofthe four holes are involved in the block shear path, 

therefore only halfofthe load is associated with 

fracture path 1-3-L,whereby,%P=0.50. 

A^=lj={3.56%25)=.S75m' 

^=.='^.-«.k+i]'=-875-1.5[|+i -=.547in' 
4 

A =l,t=(l.OOX.25)=.250in' 
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A^=A^-nAd,+^t = 2S0-(i.5\- + ̂ - = M\in'

4 8M

If > 0.6F„^^

then ' = Q.eFyAg, + F^A„,

else P^'=0.6F^A^ + FyA^

F^A„,={65tU\) = 9Alkips
0.6F,A^ =(0.6X65X547) = 21.33 kips

0.6F^A^>F^A„,

P:, = Q.6F^A^ + FA^ = (0.6X65X547)+ (50X.250) = 33.83 kips

/'„4 = ̂  = = 67.66 kips
%P .50

Therefore, the design strength for block shear path 1 - 3 - L is,

T,, = = (0.75X67.66) = 50.75 kips

Path #4: 2-4-3-L, %P = l.OO' (See Figure 2.16)

o

Figure 2.16 Block Shear Path 2-4-3-L
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*Note: Allfour holes are involved inthe block shear path, 

therefore the entire load is associated with 

fracture path 2-4-3-L,whereby,%P=1.00. 

4 =//=(3.50X.25)=.875/,m 

3 111 ^^-7- 2 
=.875-1.5 —+- —=.547m 

nv gv n 4 8j4 

A =/,?=(2.75X.25)=.688/iin 

-=.360m'v4'"8y4 

If >0.6F,A^ 

then P„i,'=0.6FyA^+F^A„, 

else PJ=^.eF^JL+FyA^ 

F,A„,=(65X.360)=23.40kips 
0.6F^A^=(0.6X65X.547)=21.33kips 

FuA^>0.6F^A„ 

P',=0.6F^^^+F,A„,=(0.6X50X.875)+(65X.360)=49.65kips 
p P'„, 49.65 

=49.65kips 
%P 1.00 

Therefore,the design strengthfor block shear path2-4-3-Lis. 

Th =(t>bPnb =(0.75X49.65)=37.23kips 
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Figure 2.17 Block Shear Path 2-4-3-1-U

Path #5: 2-4-3-1-U, %P = 1.00* (See Figure 2.17)

*Note: All four holes are involved in the block shear path,

therefore the entire load is associated with

fracture path 2-4-3-1-U, whereby, %P = 1.00.

=lj = {im%25) = \J5in'

+-lt = 1.75-3.o(- + -!- = 1.09 m'^nv - "A "A
4 8M

A =/,/ = (l.75X.25) = .438m'

A, = «J i/. + - k = .438-l.of-+-1-= .219^nt - ̂gt "A "A
4 8M

If F,A^ > 0.6F^A^

then P„^'=0.6FyA^ + F,A„,

else • = 0.6F„^„, + F^A^

F^A^={65\2\9)=\A.2Akips
0.6F^A^ = (O.bXbSXl .09) = 42.51 kips

0.6F^A^>F^A^

F:,=0.6F,A^+FyA^ =(0.6X65Xl.09)+(50X.A38)=6AAWps



 

= ̂  = = 64.41 kips
"" %P 1.00

Therefore, the design load for block shear path 2-4-3-1-Uis,

T^=AP^={0.75X64Al) = 4S3lUps

Path #6: 2-1-U, %P = .50* (See Figure 2.18)

Figure 2.18 Block Shear Path 2-1-U

*Note: Two of the four holes are involved in the block shear path,

therefore only half of the load is associated with

fracture path 2-1-U, whereby, %P = 0.50.

A„=lj = {2.50X.25) = .625m'

- "4 + - I' = -625 -1 .of- -h i U = .406
4 8M

A =/,/ = (l.75X.25) = .438fr

A^=A^-n^ d^+- 1 = .438-1.0|- + - - = .219m^3 nj_
4'^8J4

If F A > 0.6F AAi A u-^m — u-^nv

then '= 0.6FyAg^ + F^A„



else P„^'=0.6F^A^+FA 
y 0 

F„A,=(65X.219)=14.24%5 
0.6F„^^ =(0.6X65X.406)=15.83kips 

0.6F„^^ >F^A„, 

p:,=0.6F,A^+FyA^=(0.6X65X406)+(50X.438)=37.73kips 
P' 'M l'\ 

p.=-s^= =75.46kips 
%P .50 

Therefore,thedesign loadfor block shear path2-1-Uis, 

Tt6 = =(0.75X75.46)=56.59kips 

The governing block shear load conies fromthe path with the lowest 

design load: 

Final T/j = min[T^j, ,7^3, ] 

=min[55.62,49.15,50.75,37.23,48.31,56.59jb>^ 

Tj=37.23kips 

Therefore,the governing load in fracture is 37kips and the 

controlling block shear path is path#4. 

Design Strength 

The design strength, T, for the tensile member connection is the lowest design 

load obtained fromthe limit states oftensile yield(r,),fracture(7/),and block shearCTi:,),. 

r=min[7;,r^,rj 

=min[87,52,37]kips 

=37kips 
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From this it can be seen that the maximum allowable design load for the tensile

member connection is 37 kips. The method of failure resulting from this design load is

block shear. The controlling failure path associated with the block shear failure is Path

#4 as seen in Figure 2.19.

Figure 2.19 Controlling Failure Path - Block Shear Path #4



Chapter3 

Introducing The Tension Connection Analyzer 

Welcome to the Tension Connection Analyzer. It is the intent ofthis program to 

enhance student's understanding on the response of tensile members with pinned 

connections through the use ofcomputer-aided simulation. Whether the user is relatively 

new to the analysis of tensile members or has a working knowledge ofthe analytical 

process,the Tension Connection Analyzer can help in^rove comprehension ofthis topic. 

The program has a Windows based environment complete with toolbars, dropdown 

menus, and a comprehensive help file, which guides the user through a sample session. 

In short, the Tension Connection Analyzer is designed with the student in mind, and 

consequently contains the tools necessaryto create an effective learning environment. 

Since the program is intended to help students comprehend the topic oftensile 

member analysis, it is designed for use both inside and outside the classroom. The 

Tension Connection Analyzer has both a demonstration and an analysis mode. 

Demonstration mode is intended more for the overall presentation of tensile 

member design strength analysis as it gives both a mathematical and an animated 

graphical representation ofthe primary failure modes. This mode allows the instructor to 

exhibit various bolt patterns and their animated feilures rapidly and thoroughly. The 

animation portion of the demonstration mode shows propagation of mode failures 

through the connection, allowing the students to view dynamic real-time examples versus 

the static before and after modelsofthe failures. 
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Also, the demonstration mode allows for a cost-effective method of meeting the 

needs of the sensing students. Previous in-class examples would have to consist of 

fabricated, small-scale connection systems. These systems generally can only exhibit a 

single failure path, thereby making it very costly to generate several examples. The 

Tension Connection Analyzer allows the instructor to show up to ten different failure 

paths for both fracture and block shear, for up to six different bolt patterns, for angles, 

channels, or W-shapes. The visualization ofthe failure modes and their paths is made 

possible through the use ofthe"VCR"controls. 

The VCR allows for the top ten controlling failure paths for fracture and block 

shear to be viewed by the user. It displays the failure paths along with their 

corresponding failure loads. The VCR is intended to help the user get a feel for how the 

failure loads for different failure paths compare to one another. The user can scroll 

through the different paths and view the failure simulation by selecting the play button. 

The calculations screen accompanies the VCR. Each individual failure path on the VCR 

will have its own failure load. However, the calculation screen only consists of the 

computations for the controlling fracture and block shear paths for the chosen bolt 

pattern. The combination of visualization and computation was created for the sensing 

style student as a meansofproviding a concrete example. With all of the mentioned 

features ofthis mode, it can be seen that the intention ofthe demonstration mode is to 

enhance the experience ofthe sensing student. The focus ofthe analysis mode,on the 

other hand,is to allow aU students the ability to put their understanding ofthe behavior of 

tensile membersto work. 
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The analysis mode ofthe Tension Connection Analyzer allows for direct study of 

specific failure paths. This study is performed through user input of all the necessary, 

path-specific variables. Whereas the demonstration mode consists ofboth graphical and 

mathematical representation of the failure paths, the analysis mode only displays the 

computations since the user has already chosen a path. This mode presents a means by 

which those students with an established background in tensile member analysis can test 

specific pathsfor failure. 

At first, some may view this mode ofthe program as a"cheat"tool for students 

to complete their homework. However, upon further review it can be seen that the 

students must have a working knowledge of all of the variables necessary to define a 

specific failure path. This understanding ofall necessary variables is the actual focus of 

the topic oftensile member strength. The number crunching is strictly a formality ofthe 

analysis. Also,the analysis mode does not tell the student whether or not the chosen path 

controls the design, but rather only computes and displays the design strength based on 

the individual pathway chosen by the student. The student must then generate alternate 

variable values to describe various other possible failure paths in order to produce a 

satisfactory, realistic, and complete analysis ofthe system. Solutions ofthis type include 

design parameters such as: lightest cross-section,number ofrowsoffasteners,number of 

fasteners per row, and size offesteners used in the connection. These parameters have 

been taken into consideration in order to complete the design ejqierience ofthe Tension 

Connection Analyzer. 

The Tension Connection Analyzer not only serves as a means to visualize and 

solve for tensile member behavior, but also encompasses the process of engineering 
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design. This process includes design based on realistic specifications, restraints, and 

performance criteria. The specifications include all sizes of cross-sections found in the 

second edition of the LRFD manual [2] for angles, channels, and W-shapes. They 

include a choice between A36 and A572 steel for the cross-sections, and A325 and A490 

steel for the bolts. Also,there is a choice ofbolt diameters ranging fi-om — in.to l—in., 
2 4 

in — in. increments, using U.S. Customary units. These parameters allow the Tension 
8 

Connection Analyzer to act as a design tooland notjust a solver. By allowing the user to 

choose the attributes ofthe connection,they mustkeep in mind such factors as: 

- "AmI using the lightest cross-section possible to minimize cost?" 

- "Should I increase the cross-sectional area or change to a stronger 

steel?" 

- "Would adding anotherrow ofbolts be realistic or beneficial?" 

All ofthese questions are considerations in tensile member design. Consequently, 

they are all included in the Tension Connection Analyzer. For example,as the user goes 

through the program he or she has the ability to choose between factors such as material 

strength, cross-section, and bolt size. Once the design strength for the input criteria is 

produced,the user can then go back through and change any desired parameters and then 

compare the results. For example, if a smaller cross-section were used in order to cut 

down on the cost of the material, would it sacrifice too much strength and become 

unsafe? The ability to print out any screen in the program allows for load comparisons to 
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be made as the user changes different design parameters. For questions on how the 

Tension Connection Analyzer worksthere is acomprehensive on-line help file. 

The help file exists not only to assist users through the program step-by-step; it 

also helps in communicating the language oftensile connections through definitions and 

ejq)lanations. The help file consists of a short summary on the foimdation of tensile 

connections, as well as some ofthe ideology behind each ofthe modes, demonstration 

and analysis. It then takes the user through a sample session ofthe program showing 

screen shots for each of the interfeces that the user will be shown. The Tension 

Connection Analyzer is self-guided in that if certain parameters are not selected, the 

program prompts the user for the necessary details. However, if the user does not 

imderstand why a particular parameter is necessary to continue, the help file contains 

detailed descriptions ofthe requirements ofeach screen. Also, the help file contains a 

complete listing of all the variables used in the calculations, as well as their units of 

measure. 

* The sectionsto follow have beentaken directly fi:omthe program's on-line help file. 
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How The Program Works

"'HenBion ConaeS:

l**. Ucsensedt^

Copyright 2000

and redistribution of thijptoduct uithout
>eai of the developef is stfctly prohibited.

Figure 3.1 Splash Screen Showing Title and Copyright Information

About The Program

Figure 3.1 above shows the splash screen presented to the user as the program

loads. This program serves as an educational tool for both the analysis and

demonstration of tensile member performance. Tensile members can fail in three

possible modes: tensile yield, fracture and block shear. Tensile yield maintains that the

design strength of a given cross-section of material is lower than the limit states of the

given cross-section. Failure of this manner occurs away from the connection. Tensile

fracture forces the design strength of a connection to be less than the ultimate strength of

the material coupled with the effective net area of the cross-section. Fracture failure

occurs through the holes of a given connection. Block shear is a combination of yielding

and fracture. It is a limiting state that is determined by the sum of the shear strength and

tensile strength along a particular failure path. For each individual tensile connection one

of these three limiting factors controls what is known as the design strength of the



connection. This program is designed to give the user the ability to determine what the 

design strength is for specific connections. 

The program can be run in two different modes, demonstration and analysis. 

Demonstration mode is intended more for the overall presentation oftensile connections 

as it gives both a mathematical and graphical representation ofthe main &ilure modes. 

The mathematical representation ofthe design characteristics allows the user to view the 

equations and subsequent values for the variables based on the decisions made while 

stepping through the program The graphical representation consists ofanimations that 

allow the user to view the propagation of different feilure paths for both firacture and 

block shear. This mode is intended to help those students who learn best fi'om seeing 

numerous examples. 

Analysis mode allows for direct study of specific feilure paths for specifically 

designed connections. This mode gives the user the opportunity to input all of the 

variables for a desired path. Since the user knows what their path looks like, this mode 

only consists ofa mathematicalrepresentation ofthe calculations. 

Getting Started 

When the program first begins the screen shown in Figure 3.2 is what appears to 

the user. The user must click the start button in order to begin moving through the 

program The user has a choice between two different modes, analysis and 

demonstration. Figure 3.3 shows the screen presented to the user that allows for the 

selection ofthe desired mode. As seen, the analysis mode is selected and then the user 

would hit the start button in order to move to the next screen. 
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I' Tensile Connection Analyzer

;fte input H<*

Slart»' I BeamlSo -l fc-Bdtlnte"^ ) ̂SS^BaenTl'^tSlcufefiom^^ I ResetValues
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vv ' »<

:vv -i
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'1'* ' :V '
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Figure 3.2 Opening Screen Presented to the User

Tensile Connection Analyzer

File InpU Hep

^ ̂ XI

Start» I Beam Info

P Demo Mode

Figure 3.3 Screen Allowing the User to Choose a Mode

Material

This screen allows the user to decide upon two main factors for the member, the

grade of steel and the type of cross-section. As shown in Figure 3.4, the user has the

choice between A36 and A572 steel. A36 has a yield strength of 36 ksi and an ultimate

strength of 58 ksi. A572 has a yield strength of 50 ksi and an ultimate strength of 70 ksi.

After selecting the grade, the choice can be made among W-shape, Channel, and Angle

sections.



One choice out of each box must be selected, as shown in Figure 3.5, before the user is

allowed to continue. Once the material and shape have been selected, the user must then

click the available command button in order to move to the next screen and view the

properties for the chosen cross-section.

I
BufnShape^
r Wl-Beon

C Channet

C Angle

I A

fi?

r Channe)

rAm^

f

L,ng!e Shape
Pioperties

Figure 3.5 Grade and Shape Must Be Selected Before Continuing
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Types of Cross Sections

The properties for a given cross-section are the standards from the American

Institute of Steel Construction (AISC) as found in the Load and Resistance Factor Design

Volume I [2]. Once the desired cross-section has been chosen, the screen in Figure 3.6 is

displayed to the user.

W Shapes Dimensions^

't o

ee3 CWlBsns" I 16.655 f"'
width I ' n x--i—X

36.72 P"! I 0.94S P")
IhlCiUMtS I

3372 W III)lUnoo I i Rs (in)
thick ne*« I

Figure 3.6 W Shape Properties Screen

This example demonstrates the W Shape properties screen. Similar screens are

included if the user chooses an angle and channel section. The screen allows the user to

view the numeric values of the given properties as well as the graphical display of the

properties. The shape and size properties for each of the cross-sections consist of a

dropdown list that allows the user to choose a specific size for analysis. Figure 3.7 shows

the geometric properties of a W36x300 section. By selecting the down arrow to the right

of the "Shape and Size" property box, the user can access the corresponding database.

The user can then scroll down through the database and highlight the desired size.

The user must then continue through the program by selecting the next button, or return

to the previous screen by using the back button. Also, at anytime the user can jump



�

�

W Shapes Dimensions .

|W3eX300 j
W36X300
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W36X280 " I I 
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36.72 J"!
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w36x300

W36X102
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Figure 3.7 Example of Dropdown List

directly to a specific screen by using the dropdown menus or by selecting the

corresponding command button, as previously shown in the Getting Started section.

Bolt Information

This section of the program allows the user to select the size of the bolts that are

to be used in the connection. Figure 3.8 shows an example of the bolt properties screen.

This screen allows the user to choose the grade of the bolts, the shape of the bolt head,

and the diameter of the bolts. The properties displayed on this screen are shown on the

right in Figure 3.8 except for the edge distances Le' and Le. The variable Le' refers to

the vertical edge distance between the centerline of the exterior row of bolts and the edge

of the member. Le refers to the horizontal edge distance between the centerline of the

bolts closest to the edge and the end of the member. The edge distances are given as

defaulted values in the demo mode. A grade of steel must first be selected before the

head style option can be accessed. Also, there is a dropdown list for bolt diameters that

allows the user to select a diameter fi-om a database. Again, both property options must

be selected before the user is allowed to continue to the next step as shown in Figure 3.9.
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Bolt Pattern Information (Analysis Mode Only)

The pattern makeup screen appears to the user only if analysis mode was selected

at the beginning of the session. This screen, shown in Figure 3.10, allows the user to

select the number of rows of bolts in the connection and whether the connection is square

or staggered in design. Once both properties have been selected, the user can click the

enabled button to go on to the next screen. An example of this is shown in Figure 3.11.

'Rom of Bclfs
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Figure 3.10 Pattern Makeup Screen
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Figure 3.12 Blank Square Pattern Variable Screen

The square pattern screen allows the user to input all of the variables necessary to

complete the analysis of a user specific square connection pattern. The variables, shown

in Figure 3.12, give the user the ability to design and test a specific fi"acture and block

failure paths. The input variables allow for the user to test both a fi-acture and a block

shear failure path. A description of the variables can be seen below.

Square Pattern Variables:

Tensile Load - A load that pulls on an object in a direction perpendicular to the

cross-sectional area.

Shear Load - A load that acts on an object in a direction parallel to the applied

Length of tensile surface in the weh (Itw) - The total length, in the web of a

channel or W-section member, that supports a tensile load (for angle sections, Itw

is the total length of the tensile surface).

Length of shear surface in the weh (Iv) - The total length that supports a shear



Number of holes in tension (nt) - The number of holes in the studied failure 

path that supportatensile load. 

Number of holes in shear(ns)- The number ofholes in the studied failure path 

the support a shear load. 

Verticalspacing ofbolts(g)- The vertical distance between anytwo adjacent 

rowsofbolts. 

Horizontalspacing ofbolts(s)- The horizontal distance betweenanytwo 

adjacent lines ofbolts. 

Numberofdiagonal paths in fracture(ndf)- The number ofdifferent diagonal 

segmentsofa given fracture path. 

Numberofdiagonal path in block shear(ndv)- The number ofdifferent 

diagonalsegmentsofa given block shear path. 

Percent load carried by fracture(%F)and blockshear(%P)- The 

percentage ofthe load is determined bythe number ofholes inthe free body 

diagram ofthe specified path versusthe total numberofholesinthe connection. 

Total horizontalspacing ofbolts(L)- The total distance betweenend bolts ofa 

connection. 

Does the path contain a flange? This tells the programto include the area ofthe 

flange inthe calculations for the net cross-sectional area. The response for an 

angle section is always no. 
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Figure 3.13 Filled Out Square Pattern Variable Screen

Figure 3.13 shows an example of a completed pattern variable screen. AH of the

variables must he completed before the program will allow the user to proceed. At any

time the user can press the reset variables button in order to zero all values and start

again. The staggered pattern screen contains the same variables as that of the square

pattern, and is filled out in the same manner. For any questions concerning the staggered

pattern screen see the square pattern section.

Bolt Pattern Information (Demo Mode Only)

In demo mode, this screen only allows the user to control one factor of the

connection design, the gauge length. The gauge length is the vertical spacing between

two adjacent rows of bolts. The user is then given the opportunity to choose the

connection pattern to be analyzed. Figure 3.14 below shows the interface presented to

the user.

The user is required to enter a gauge length between one and three inches into the

text box. Any value not within this range will produce an error. Likewise, if the depth of

the chosen cross-section cannot support the entered gauge length, an error is given. The
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Figure 3.14 Blank Demo Mode Bolt Pattern Screen

user must then either change the gauge length or go back to the cross-section selection

screen and select a section with a larger depth. Pressing the "back to beam" selection

button accesses the cross-section selection screen.

Once the required gauge length has been entered, the user can select one of the sbc

bolt patterns. By selecting one of the given patterns, the calculations for that pattern are

performed based on the chosen design attributes. These calculations along with the

animated failure paths are then viewed on the next screen.

Calculations

The calculations screen is comprised of four main areas: tensile yield, fracture on

effective area, block shear, and design strength. The purpose of this screen is to give the

user the ability to view the calculations associated with the parameters selected while

stepping through the program. In demo mode, the VCR screen accompanies the

calculations.

In Figure 3.15, the top portion of the calculations screen is shown. This part of

the screen consists of the yield and fracture calculations. Yield and fracture are discussed

in the About the Program section. The chosen design characteristics also appear on this



part ofthe screen. The characteristics are shown as a reminder to the user ofwhat cross-

section, grades ofsteel and bolt sizes were used in producing the calculations. All ofthe 

values that appear in the text boxes are values that are controlled by the user. Each ofthe 

values was produced by a design choice made by the user at some point in the program. 

Below is a list ofthe variables that appear in this sectionofthe calculations. 

Pot- Nominaltensile Strength 

Ag- Gross area ofcross-section 

Fy- Yield strength ofchosen grade ofsteel 

Pnf- Nominalfracture strength 

U - Shear lag factor 

An - Net area 

Fu - Ultimate tensile strength ofstructural steel 

sg - Adjustmentfor diagonal paths 

s- Horizontalspacing between lines of bolts 

g - Verticalspacing betweenrowsofbolts 

nh - Number ofbolts involved in fracture path 

dia - Diameter ofbolts 

tw - Thickness ofthe web ofthe given cross-section 

nd - Number ofdiagonal paths in the givenfracture path 

The calculations for block shear are also shown as part ofthe calculated results. 

A briefdiscussion on block shear can be foimd in the Aboutthe Program section. Below 

is a list ofnew variables that appear in the block shear calculations. 
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Figure 3.15 Top of Calculations Screen

Agv - Gross area in shear

Iv - Shear length of failure path

Anv - Net area in shear

ns - Number of holes acting in shear

Agt - Gross area in tension

Itw - Length of tensile surface in web

If - Length of tensile surface in flange

tf - Thickness of flange for given cross section

Ant - Net area in tension

nt - Number of holes acting in tension
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Figure 3.16 Block Shear Calculations
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Figure 3.17 Design Strength Calculations

The final component of the calculated results is the design strength. The design

strength is the minimum of the calculated values for yield, fi-acture, and block shear

multiplied by a resistance factor. For tensile yield the resistance factor is 0.9. For

fi-acture and block shear the reduction factor is 0.75. A sample of these calculations can

be seen in Figure 3.17.

In the demo mode, the fi-acture and block shear calculations are for the controlling

failure paths for each mode of failure. In analysis mode, the calculations are for the

specific paths prescribed by the user.

VCR (Demo Mode Only)

This screen allows the user to view animations of the failure paths for fracture and

block shear. This screen accompanies the calculation screen and is intended to help the

user get a feel for how the different failure paths compare to one another. Figure 3.18

only shows the top half of this screeiL The lower portion of the screen shows additional

alternate failure paths. The maximum number of viewable failure paths is limited to ten.
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Figure 3.18 VCR Sample

The controlling failure path for the controlling failure mode is what first appears

in the large display screen. The mode of failure can be seen to the right of the screen, and

the load can be viewed in the failure load box. The displayed path is highlighted in blue

in the alternative paths portion of the screen. In order to view the animation of the failure

propagation, the user must click the play button (>). The user can click the next or



previous buttons to view alternative failure paths. Also, the user can select a different 

mode offailure, click show,and then have the feilure pathsfor that mode displayed. 

When the Mure due to tensile yield is displayed, the user should notice that no 

alternative paths are shown. This is due to the fact that the yielding ofthe materialoccurs 

away from the connections and the stress is uniform throughout the length of the 

member. Therefore, the displayed animation is intended to exude that complete yielding 

ofthe cross-section occurs at the shown Mureload. 

It should be imderstood that for some ofthe more complicated bolt patterns more 

Mure paths exist than are shown. However,for patterns with more possible failure paths 

than can be shown,the ten smallest Mure loads are displayed. 

Printing 

To further aid the user in the understanding ofthe topic oftensile strength, all of 

the screens in the program can be printed. Printing ofthe screens can be done by one of 

two methods. One is through the use ofthe print option from the file menu as shown in 

Figure 3.19. The other method for printing utilizes the print icon on the main screen as 

shown in Figure 3.20. Both ofthese options produce the same result. The result is a 

printed outputofthe current screen onthe monitor. Note that atotaloffour pages will be 

printed fromthe Calculated Results and VCRscreen in the demo mode. 
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Program Example

The following series of figures displays a step-by-step progression through the

program using the same example that was used previously in the sample calculations.

Figure 3.21 shows the first screen that the user is presented with as the program starts.

The user then selects the start button to proceed. The option is then presented as to which

mode the user wants to use. In this example, demo mode is selected, Figure 3.22. By

clicking the start command button, the user is taken to the screen shown in Figine 3.23.

It should be noted that fi-om this point on, the sample screens in the figures will only

display portions of the actual screen. The user however should keep in mind that at all

times the menus, icons, and command buttons shown in Figure 3.24 are visible.
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£10 Input Help

^ ̂ fj
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'j V ^ - " /»" ' i'
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Figure 3.21 First Screen Presented
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A572 steel is the material chosen for the angle cross-section shown in Figure 3.25. From

the dropdown menu in Figure 3.26, 5 x 3 x Vi LLV cross-section is selected. The

properties for this cross-section are now displayed in the text boxes. Clicking the "Next"

button moves the user to the next step. The Bolt Properties screen is the next to be

presented. In Figure 3.27, it can be seen that a diameter of % in. has been selected along

with arbitrary selections for grade of steel and style of head. The next screen shown in

Figure 3.28 allows user input for gauge length. In this case, a value of 1 % in. is used.

Then the choice for demonstration path is given, the one with four connectors has been

selected. The series of figures (3.29, 3.30, 3.31) display the calculations presented in the

program.



Figure 3.26 Selecting Cross-Sectional Properties
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Figure 3.31 Design Strength Determination

It should be noticed that the values produced by the program match the values generated

by the hand calculations in the sample calculations. However, the screen only presents

the user with the controlling load for each mode of failure. In the figures to follow, it can

be seen that the VCR allows the user to view all the alternate paths and their subsequent

failure loads. Since block shear is the controlling mode of failure, block shear is

displayed on the VCR, in Figures 3.32 and 3.33. Figures 3.34, 3.35, and 3.36 show the

VCR display for fi-acture and yield failure modes.
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Chapter4 

Conclusions 

The Tension Connection Analyzer is an educational tool that serves both the 

instructor and the student as a supplemental device for the topic of tensile member 

design. With minimal in-class demonstration time,the instructor can send students home 

vvdth an easy-to-use Windows based program that will help the students visualize the 

topic of tensile member design. Since the program has its own on-line help, the 

instructor can feel confident that the students will be able to quickly learn how to use the 

program,in order to get the most out ofthe program. The analysis mode ofthe program 

is intended to help the instructor save class time as it allows students the opportunity to 

analyze their own "what if' scenarios. Also, the animated visualizations ofthe Tension 

Connection Analyzer keep the instructor from haviug to carry around bulky 

demonstration modelsto and from class. 

As for the students, they will have a program that enhances their knowledge of 

tensile member design without the burden oflengthy hand calculations. However,as the 

students become comfortable with the methodology of the tensile member design, the 

program can then serve as a means ofchecking their hand calculations. Also, with the 

Tension Connection Analyzer being so visually oriented,the students can view numerous 

failure paths and the corresponding failure loads,in order to more quickly get a feel as to 

what the "most likely" failure paths might be for different connection patterns. This 

ability to predict the controlling failure paths will allow the students to become more 

productive outside the classroom as wellason examinations. 
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Through all ofthe aspects contained in the Tension Connection Analyzer,it can be 

seen that the need for an educational media in the area oftensile connection design has 

been met. The Tension Connection Analyzer affords an instructor the comfort ofsending 

students home with a tool that not only gives numerous samples, but also allows students 

to check their hand calculations. In short, instructors gain flexibility in their approach to 

the topic, and students ofall learning styles are given the opportunity to gain competency 

inthe topic oftensile connections. 

However,with all ofthe offered features ofthe Tension Connection Analyzer,the 

groundwork exists within the program for the additions planned for version 2.0. While 

the Tension Connection Analyzer is currently designed to analyze failure ofthe member, 

version 2.0 ofthe program will include the analysis ofthe behavior ofthe bolts used in 

the connection. The Tension Connection Analyzer currently has the user select a bolt 

material, head shape, and diameter. By adding another calculation screen the user will 

also be able to view the ensuing reactions ofthe bolts in the user prescribed connection. 

Also, version 2.0 will have more connection patterns, in the demonstration mode firom 

which the user may choose. Finally, it is the intent ofversion 2.0 to become a web-based 

program. This will allow more students the ability to gain access to and knowledge firom 

this educational tool. As the number of students increasing their knowledge oftensile 

member design increases,the Tension Connection Analyzer will draw closer to its goalof 

becoming a successful supplemental educational device for the topic oftensile member 

design. 

67 



REFERENCES 

68 



References 

1. Kroeger,O.,and Thuesen,J.M. Type Talk At Work. New York: Dell 

Publishing, 1992. 

2. Load&Resistance Factor Design Volume 1. 2"'^ edition Chicago: American 

Institute ofSteel Construction, 1995, 

3. United States Military Academy. Computer Software. Windows 3.1,95,98. 

http://ftp.usma.edu/cme/civilsoft.htm 

4. Kibbler,R.C.,MechanicsofMaterial. 2"''edition.New Jersey: Prentice Hall, 

1994. 

5. University ofPaisley. The Deflect Program. Computer Software. Windows 3.1, 

95,98. http://ctiweb.cf.ac.uk/HABITAT/HABITAT3/deflect2.html 

6. University ofHong Kong. CIVCAL. Computer Software. Windows. 3.1,95,98 

http://civcal.media.hku.hk/ 

69 

http://civcal.media.hku.hk
http://ctiweb.cf.ac.uk/HABITAT/HABITAT3/deflect2.html
http://ftp.usma.edu/cme/civilsoft.htm


Vita 

Chris Williams was bom in Nashville, Tennessee on April 29, 1973. He attended 

Sumner Academy until the eighth grade when he transferred into the public school 

system in Gallatin, Tennessee. In 1991 he graduated from Gallatin Senior High School. 

In 1994 he transferred to the University of Tennessee, Knoxville into the College of 

Engineering. In May of1997 he attained his Bachelors ofScience degree in the field of 

Engineering Science from the University ofTennessee. That summer he enrolled into the 

Masters of Science program at the University of Tennessee under an assistantship 

sponsored by major professor Dr. Christopher D. Pionke. He attained his Masters of 

Science degree in the field ofEngineering Science inthe fall of2000. 

On a more personal level Chris has three main loves in his life, God, his family 

and friends, and sports. As for his salvation, he became a Christian in 1987. As for his 

family, his immediate family consists of his father (Wayne), his mother (Sharon), his 

brother(Tommy),and his sister (Michelle). As for his friends, well,they know who they 

are,and to his family and fiiends he wants to say thanks for aU their support. Then,there 

were sports 

Sports,he loves them all. He grew up playing soccer;from age 5 till knee surgery 

number three(he loved soccer,but often it did not love him back.) He loves to win,hates 

to lose, and really loves to tell youjust how bad he beat you. Asfer as watching sports, 

he loves collegiate sports and dislikes the money hungry professionals. He loves 

watching people who love the game and are driven towards excellence like; Michael, 

70 



Walter, and a certain coach named Pat. He is certain that he can coach the Vols better 

than a mannamed Philand,ifyou don't wantto know what he thinking,don't ask him. 

In closing, he wants to say; to those who have helped him,thanks, to those who 

are close to him,he loves you,to those who have rivaled him,thanks for the competition, 

and to those who have had enough ofhim he says,lookout,there is more to come. 

71 


	Thesis2000.W5285_2.pdf
	Thesis2000.W5285.pdf



