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ABSTRACT 

A summary and evaluation of recent bolted connection research by 

Fisher and Struik l has led to recommendations of higher allowable 

bearing stresses based on a new bearing strength model. To verify 

the applicability of the new bearing strength criteria to web shear 

connections, the American Institute of Steel Construction sponsored 

experimental research of double-angle, beam web-column connections at 

the University of Texas. 

This study uses the experimental data and observations obtained 

in the University of Texas tests to generate and to test the validity 

of various behaviour models. The ultimate shear strengths predicted 

by the behaviour models are compared to resistances calculated from 

current CSA 516.1-1974 specifications. Recommendations are made for 

design limits which can be used to achieve a rational design of beam 

web connections with coped top flanges. 

j 
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NOMENCLATURE 

Explanation of the symbols used in the sections of this t hes i s 

appears in those specific sections. In addition, the following 

symbols are included here for convenience. 

AN = Net Area 

AG = Gross Area 

D = Bolt Diameter 

EH = Horizontal End Distance 

EV = Vertical End Distance 

Fs = Shear Stress 

Fy = Yield Strength 

Fu = Ultimate Tensile Strength 

G = Bolt Gauge 

m = Number of Vertical Lines of Bolts 

n = Number of Bolts 

P = Bolt Pitch 

t = Web Thickness 

Tu = Ultimate Shear Stress 

V = Shear Force 
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1. INTRODUCTION 

1.1 HISTORICAL NOTES 

Recent bolted connection research summarized and evaluated by 

Fisher and Struik l led to the incorporation of higher allowable bearing 

stresses by the Canadian Standards Association S16.1-1974, "Steel 

Structures for Buildings - Limit States Design ,,2 and into the "S pecification 

for Structural Joints Using ASTM A325 or A490 Bolts,,3. Because these 

recommendations were based upon experimental data which were collected 

entirely from the testing of simple tensile plate splices, the Canadian 

Institute of Steel Construction (ClSC) arranged for tests of simple 

double-angle, single vertical line of bolts, beam-column connections to 

verify the applicability of the new bearing strength criteria to web 

shear connections. These tests were carried out at the University of 

Toronto. 

While a reasonable margin of safety was found for a connection 

where the beam was uncoped, coping of the top flange resulted in a 

significant reduction in the connection stren~th. The test results 

suggested that the bearing strength criteria as presented, did not 

represent the critical mode of failure and that a shearing out of a 

block of web, a "block shear" failure, occurred before the theoretical 

bearing strength of the web was reached. 

Figure 1 illustrates this failure model where the resistance to 

"block shear" is provided by the tensile resistance of the web across 

plane AA and the shear resistance of the web along plane BB. This 
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model analytically yielded connection strengths which closely match the 

experiment results for single vertical line of bolts connections with 

top flanges coped. 

The "block shear" model was incorporated into the Commentary on the 

AISC Specification, Section 1.5.1.2, and into a Technical f1emorandum 

issued by the CISC in May 1978. However, while the AISC and CISC gave 

guidelines for connections with one line of bolts, and a coped top 

flange, no recommendations were given for the case where two vertical 

1 ines of bolts are present. Whether or not the simple "block shear" 

model would be valid for an increased eccentricity was questioned. 

To further investigate the behaviour of connections with coped top 

flanges, the American Institute of Steel Construction sponsored 

experimental research at the University of Texas at Austin. Twenty-three 

tests were conducted on bolted shear connections with framing angles on 

both sides of the web, as shown in Appendix D. 

The results of the rese~rch showed that while curre~t specifications 

are adequate for determining the strength of connections with one line 

of bolts, they are not satisfactory for connections having two lines of 

bolts. The "block shear" failure model predicted the ultimate shear 

well for connections with one line of bolts, but overestimates the 

capacity of connections with two lines of bolts. The ratio of test 

load to allowable load, calculated according to current provisions of 

the AISC specification, ranged from 2.50 to 4.37 for connections with 

one 1 i ne of bolts and from 1 .63 to 1 .96 for connecti ons wi th two 1 i nes 

of bo1ts4. Thus the immediate conclusions reached in the University 

of Texas research suggest that the "block shear" failure model is not 
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applicable to connections with two lines of bolts and that further 

work is necessa ry to develop a design model for such connecti ons. 
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1.2 OBJECTIVES AND SCOPE 

A major disadvantage vf the "block shear" failure model is that it 

does not consider the effect of eccentricity on the ultimate shear 

strength of a connection. For connections with only one l ine of bolts 

the eccentricity is small and thus this deficiency does not appear to 

be significant for usual connection proportions. However, for connections 

with two lines of bolts in the web, the application of a model which 

does not account for eccentricity results in an overestimation of 

connection strength. 

Observation of test specimens at the University of Texas showed 

the appearance of yield lines associated with bending stress in the 

web of the beam as the ultimate shear was reached; also the ultimate 

strength was reached when a tear commenced at the end of a beam. This 

behaviour suggested that the moment created by eccentricity significantly 

affected the strength of the connection. 

The objectives of this paper are: 

(1) To develop a design model which considers eccentricity and is 

applicable to connections with either one or two lines of bolts. 

(2) To investigate the validity and accuracy of the current 

CSA S16.1 "Steel Structures for Building - limit States Design" . 

(3) To develop a design aid for use in predicting the ultimate 

shear strength of a connection with two lines of bolts, when the top 

flange is coped. 

The experimental data and observations obtained in the University 

of Texas study for AISC are used to assist the development of analytical 

models, and to test the validity of the models. 
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2. MOMENT MODEL FOR WEB STRENGTH 

2.1 DEVELOPMENT OF THE MOMENT MODEL 

In a bolted clip angle type of connection there is a moment created 

by the eccentricity of the connection. This moment can be simply 

expressed as: 

I~e ,. V x e 

where V = vertical shear on connection 

e = eccentricity, the distance from the column face 

to the centoid of the bolt pattern in the beam 

web. 

This expression ignores any moment which may exist at the column 

face. In order to investigate the means by which the web resists this 

moment, a section bounded by the dotted lines in Figure 2 will be 

analyzed. Figure 3 shows the forces which must be acting on this 

section to satisfy static equi1ibrium. The moment "Mw" could be 

created by a number of possible stress distribu.tions. Several of the 

distributions which were considered are shown in Figure 4 . Because 

of the large moment which must be resisted by the web for equilibrium, 

either distribution (c) or (d) were considered likely possibilities. 

University of Texas tests on connections with two vertical lines 

of bolts indicated that failure at ultimate load occurred by rupture 

beginning at the beam end of plane AA and propagating along AA. On the 

basis of this evidence it was decided that the tensile stress on plane AA 
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would approach the ultimate tensile stress, Fu, at failure. The ultimate 

shear stress which could occur would be in the range of 0.6 to 0.7 Fu. 

An arbitrary value of 0.65 Fu was chosen for the shear stress at 

ultimate load along plane AA. 

The first model to be investigatea in detail is shown in Figure 7. 

The horizontal shear, 'HS1', which occurs along plane AA can be 

expressed as: 

HSl = 0.65 Fu (AN1) eq. 1 

where ANl = Net area along plane AA 

Ultimate shear of the connection can be calculated by applying the 

equations of equilibrium to the model. Application of equilibrium 

in the 'x' direction will give: 

where 

1 Fy t (L2- YC-DS.) HSl - Fy t (YC~ ___ 1 ) = 
2. 16. 

YC = 
Fy t (L2 - t -h.) -HSl 

2 Fy t 

YC = distance from plane AA to the point 0, as 

shown in Figure 7. 

0.0 

eq. 3 

Taking moments at point 0 will give the following expression 

for the ultimate shear strength, V; 

V = ~C LHS1(YC) + Fu t (EH-C2) [Ll - (E~~~2)J 

+ Fu t (G- Cl) G + Fy t (EV-CZ) [L2 _ (EV-C2)] 
2.0 2.0 

eq. 2 

+ Fy t (Pl -YC- C2)2 + FY t (YC-C2)2 } 
2.0 2.0 eq. 4 
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After V has been calculated, the vertical shear, 'VS1', which 

occurs along plane BB can be found from vertical equilibrium; 

VS 1 = V - Fu (AN1) eq. 5 

VSl cannot exceed the maximum shear which the web can resist along 

the plane BB. Therefore, 

VS1 :S 0.65 Fu (AN2) eq. 6 

where AN2 = Net Area along plane BB. 

If the value for VSl calculated from equation 5 exceeds the limit 

for VSl given by equation 6, then the ultimate shear capacity of the 

connection is limited by the shear capacity of the web along plane BB. 

The full bending moment capacity of the web will not be reached and 

thus since VSl is known, equation 5 can be solved for V. 

i.e. V = VSl + Fu (AN1) eq. 7 

where VSl is given by equation 6. 

Thus, V = 0.65 FU (AN2) + Fu (AN1) eq. 9 

Results obtained from this model were conservative in comparison 

to the corresponding experimental values. It was felt that this was 

in part due to the tensile and compressive stresses along plane BS and 

the tensile stress along plane AA not being extended across the bolt 

holes. The clamping effect of bolt pretensioning plus bearing contact 

of the bolt will help to spread the stress to the web area surrounding 

the bolt hole. Figure 8 shows this revision. 
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Results obtained for the stress distribution shown in Figure 8 were 

an improvement over those obtained using Figure 7. All but one of the 

calculated ultimate shears were within 10% of the experimental result. 

It was subsequently proposed that the tensile stress acting on 

plane AA may not reach the ultimate stress value along the total length 

of the plane. While the ultimate stress would be reached at the edge 

of the web, as shown in Figure 5, the maximum stress at the other end 

of the plane would be the yield stress. This revised mode showed 

poorer correlation with the experimental connection strength and thus 

was discarded. 

Observation of the test specimens at failure showed that substantial 

yielding occurred in the region surrounding the bottom left hand side 

of the connections, as indicated in Figure 2. This observation led to 

the proposal that the maximum tensile stress value occurring along 

plane BB be equal to the ultimate tensile stress, as shown in Figure 6. 

While this revision did not have a significant effect on the results 

given by model, it was thought to give a more accurate representation 

of the observed failure mechanism. 

The final form of the model used to represent the distribution of 

stresses at ultimate connection shear is shown in Figure 9. Equation 1 

will calculate the horizontal shear, 'HS1', and appl ication of 

equilibrium in the 'x' direction will give: 

_ Fy t (L2) - HS 1 
YC - 1.5 Fy t + 0.5 Fu t eq. 9 
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Taking moments at point 0 will give the ultimate shear strength as: 

v = _1 [HSl (VC) ., Fu t (Ll )2 + Fy t (VC)2 
EC . 2.0 2.0 

+ FY t (L2-VC)2 
2.0 

+ (Fu-Fy) t (VC)2] 
3.0 J eq. 10 

Vertical equilibrium will give the vertical shear long pane BB, 

i.e. 'VS2', as: 

VS2 = V - FU t (L 1 ) eq. 11 

If VS2 exceeds the limit placed on vertical shear along plane BB, 

equation 6, then the ultimate shear strength of the con nection will be 

1 imited to: 

V = 0.65 Fu (AN2) + Fu t(Ll) eq. 12 

When the moment model is used for connections having one line of 

bolts, equation 12 becomes the dominant expression. The shear resistance 

capacity becomes more important because of the reduced eccentricity 

decreasing the moment on the connection. It should be noted that 

equation 12 is similar to the expression given ' by the "block shear" 

failure model for the ultimate shear. 

The ultimate shear capacity of connections with slotted holes can 

also be predicted by the "moment" model. However, because of the 

increase material removed along plane AA the tensile resistance will 

not be able to develop across the full width of the section. Figure 10 

shows the recommended tensile stress distribution along plane AA. 

"--------------------- ---
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The concepts used in the "moment" model for coped flanges can 

also be applied to connections with uncoped flanges. A connection 

with an uncoped flange will have a higher shear resistance for the 

following reasons: 

(1) the additional shear component occurring along the top of 

the model, as shown in Figure 11. 

(2) moment capacity of the flange. 

The contribution from the flange can be shown to be small in 

comparison to that of the web and has been neglected (Appendix e). 

Horizontal shear, "TS1", at the top of the model is taken to occur 

at a distance 'k' below the top of the flange and is expressed as: 

TSl = 0.65 Fu (Ll) t eq. 13 

This additional force will change the equations of equilbrium 

stated previously for the coped condition. 

Fx = 0.0 becomes: 

Fy t (L2-ye) + TSl - HSl - Fy t (ye) 

- (Fu - Fy) t (YC) 0.5 = 0.0 

solving for YC one obtains: 

YC = Fy t (L2) - HSl + TSl 
1.5 Fy t + 0.5 Fu t 

Now summing moments at "0" and solving for V yields: 

eq. 14 

eq. 15 

V = lEC[HSl (YC) + TSl (L2-YC) + Fut(L1 )2 + Fyt(YC)2 
2.0 2.0 

+ Fy t (L2-YC)2 _ (Fu - Fy) t (yC)2:l 
2.0 3.0 J eq. 16 
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2.2 COMPARISONS OF MODELED AND MEASURED 
ULTIMATE SHEAR STRENGTH 

Ultimate shear capacity of the connections tested at the University 

of Texas was calculated using the "moment" model and the resu lts 

recorded in Table 1. To gain a perspective on the relationship of the 

calculated to the measured capacity of the connections, the "moment" 

model solution was expressed as a percentage of the corresponding 

experimental result. The degree of correlation between predicted and 

measured strengths of coped beams is presented in Figures 12 and 13 . 

For test numbers 18-8 & 18-25, which had a single line of bolts with 

slotted holes, the "moment" model overestimated the strength of the 

connection. Two factors which may account for this overestimation 

are : 

(1) The "moment" model for slotted connections with two 1 ines 

of bolts, Figure 10, suggests that the tensile stress along 

plane AA will be developed across the entire 'EH' distance . 

However, for only one line of bolts, this distribution may 

not be achieved, because the length of the slotted holes 

severely reduced the width of the existing web steel along 

the plane AA. For test case 18-8 if the tensile stress along 

plane AA was developed only across the existing web steel, 

(i .e. EH - BOLT HOLE RADIUS) then the calculated capacity 

would be reduced to 110% of the measured capacity . 

(2) The quality of workmanship used in forming the slots is 

highly variable because of the variety of methods used by 

fabricators. Thus the workmanship may have had an effect on 

the strength of the web. 
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Good correlation was achieved with the test cases having either 

a single line of five bolts and no slotted holes, or two l i nes of 

bolts; the calculated strengths are within 7% of the measured values. 

For the test cases having a single line of three bolts with a 

pitch of six inches, such as 18-9, 18-20, 18-21, 18-22, 18-23 , 18-24 

and 18-25, the shear pedicted by equation 12 cannot be reached because 

the bearing strength of the web limits the amount of vertical shear 

that can occur along the plane BB. Bearing strength can be approximated 

by summing the individual bolt loads. The top bolt is limited by the 

load required for fastener tearout, i.e. : 

d 1 Bu = 2t (EV - 2 - 16) Tu eq. 18 

where EV = vertical end distance 

Tu = ultimate shear stress = 0.65 Fu 

d = bolt diamter 

The load on the remaining bolts is limited by the simple bearing 

strength of the plate material, i.e.: 

Fu = 3 t d Fu eq. 19 

Application of equations 18 and 19 to test case 18-9 reduced the 

predicted strength from 157% to 91.4% of the measured value. 

The degree of correlation between predicted and measured strengths 

of the uncoped test cases is presented in Figure 14. Overestimation 

of the strength of the connections by the "moment" model resu1 ts 

because: 
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(1) the "moment" model not being the critical mode of failure 

for beams without copes. 

(2) full web shear, ( i .e. 0.66 x Fy x Aw) is developed by the 

connection before the load predicted by the "moment' model 

is reached. 

The "moment" model provides a design procedure to check that 

particular mode of failure. This mode may not be critical and thus 

the connection resistance would be limited by other requirements. 



•.. I ~ 

I 
I 
I 
I 
I 
I 
I 
I 
I" 

I 
I 
I 
I 
I 
I 
I 
I 
I 

-15-

2.3 COMPARISON OF THE 'MOMENT' MODEL AND 

OTHER MODELS 

Ultimate shear capacities of coped connections tested at the 

University of Texas were calculated by using a "block shear" model 

and a "tension resistance" model . The "block shear" model, Figure 1, 

expresses ultimate shear as the sum of shear resistance along plane 

BB plus tensile resistance along plane AA. 

i.e. V = 0.65 Fu (AN2) + Fu (AN1) eq. 20 

where AN2 = Net area along plane BB 

AN1 = Net area along plane AA 

The "tension resistance" model assumes that the maximum tensile 

resistance which can occur along plane AA, over the gross area of the 

web will give an approximate estimate of the ultimate shear. 

i.e. V = Fu (AG) 

where AG = Gross Area = (G + EH) t 

G = bolt gage, Figure 7 

EH = horizontal end distance, Figure 7 

eq . 21 

Results obtained from the "block shear" and "tension resistance" 

models are recorded in Tables 2 and 3. In Table 4, these results are 

expressed as a percentage of the experimental value. The degree of 

correlation between predicted and measured results is presented in 

Figures 16 and 17. Whil e the "block shear" model gives good results 

for connections with only one line of bolts, it greatly overestimates 
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the strength of connections with two lines of bolts. Some correlation 

with the experimental results is shown by the "tension resistance" 

model for connections with two lines of bolts, provided that the bolt 

holes are not slotted. Slotting of the holes resulted in the "tension 

resistance" model overestimating the strength of the connection, as 

shown by test specimen 18-11. For connections having a single line 

of bolts, the "tens i on res i stance model" greatl y underpredi c ts the 

strength. 

As was indicated earlier, the "moment" model will give satisfactory 

results for connections with either one or two lines of bolts. 
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2.4 COMPARISON OF CURRENT CSA S16 .1-1974 
SPECIFICATION REQUIREMENTS WITH 

EXPERIMENTAL BEHAVIOUR 

Specifications currently require five desiqn checks to be completed 

to satisfy the adequacy of shear capacity of a bolted double angle beam 

' web to column connection. The five design checks are: 

(1) Shear capacity of the beam web. 

(2) Bearing resistance, considering vertical end distance. 

(3) Bearing resistance, considering horizontal end distance . 

(4) Bolt shear including eccentric load effect. 

(5) "Block Shear" model. 

Shear resistance of a beam web is expressed in S16.1-1974, 

Cl ause 13.4.1 as: 

Vr ,. Ij) Aw Fs eq. 22 

where Ij) = 0.90 

Aw = shear area = h x w 

Fs = shear stress = 0.66 x Fy 

. , 
Bearing resistance of a connection is expressed in S16.1-1974, 

Clause 13 .10 (c) as: 

Br = Ij) t n e Fu eq. 23 

wh ere Ij) = 0.67 

n = number of bolts 

e = end distance (either horizontal or vertical ) 
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Resistance of a bolt group to an eccentric load can be calculated 

by using the tables provided in Part 3 of the "Limit States Design 

Steel Manual". The elSe computer program, from which the tables were 

established, was used here for all eccentric load effects. 

In a technical memorandum issued in May 1978, the elSe suggested 

the following rule to check for block shear. 

Vr = <P w[ L-(n-t) d JO.53 Fu + <P w (eo~) Fu eq. 24 

where <p = 0.90 

w = web thickness 

L = length of shear plane BB shown in Figure 

eo = edge distrance from centre of bolt hole to edge 

of web taken horizontally 

Each of these five design checks were applied to the coped connections 

tested at the University of Texas and the results recorded in Tables 

5, 6, 7 and 8. 

In table 6 the bearing resistance with regard to both vertical 

and hori zonta 1 end di stance is cal cu1 ated by uS.i ng equati on 23. The 

performance factor, <p , used in equation 23 is equal to 0.67, instead 

of 0.9. This reflects a desire to cause member rather than connection 

behaviour to govern the structural behaviour at ultimate. Therefore, 

to relate the ultimate bearing resistance allowed by the specifications 

to the measured ultimate shear, the value found from equation 21 will 

be divided by 0.9 rather than 0.67, as shown in Table 6. In order 

to calculate the ultimate shear predicted by the remaining design 
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checks the performance factor will be deleted by dividing t he formula 

for each 0 f the checks by 0.9. 

The elSe computer program for eccentric load on bolt groups 

produces a coefficient 'C' dependent on geometry of the group and 

eccentricity of the load. To determine the capacity of a given connection, 

for a given eccentricity, the appropriate coefficient is multiplied 

by the smaller of (1) shear resistance of a bolt and (2) the bearing 

capacity of the connected material. Table 8 contains a list of the 

coefficients and the capacities of the test connections . • Because of 

the small end distance present in the test connections, the bearing 

resistance of the beam web is well below the shear capacity of the 

bo 1 ts. 

A summary of the design checks is presented in Table 9 and the 

critical design check is expressed as a percentage of the experimental 

result. In Table 9, i t is shown that for all the test cases the capacity 

predicted by the eccentric load design check is critical. 

For connections with a single line of bolts the eccentric load 

criteria gave very low estimates of the ultimate shear strength. The 
" 

average calculated shear expressed as a percentage of the measured 

shear was only 42.1%. Although the ultimate shears predicted by the 

block shear model had the best correlation with the measured shear, 

the eccentric load formula always gave lower ultimate shears and thus 

was the critical design check. 

For connections with two lines of bolts, the eccentric ' oad 

criteria gave very low strength estimates when one or both o ~ the end 

distances were equal to the minimum value . In such cases the entire 

i 
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connection strength was limited in direct proportion to the weakness in 

one fastener. Improved correlation with the experimental results was 

obtained for connections which had both horizontal and vertical end 

distances equal to 2.0 inches (i .e. tests 18-12, 18-17 and 18-19). 

The results obtained from app1 ication of the "moment" model, shown 

in Figures 17 and 18, provide better correlation with experimental 

results than those calculated using the critical resistance according 

to the current CSA 516.1 specification. As was mentioned previously, 

the appropriate performance factors were included in the design checks 

required by CSA S16.1 and the results divided by 0.9. 
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3. MODIFIED BEARING STRENGTH CRITERIA 

3.1 ULTIMATE STRENGTH CRITERIA 

While the "moment" model gives a good explanation of the failure 

mode for coped connections, it is rather complex for use as a design 

aid. An alternate attempt to develop a more convenient design approach 

was the revision of the existing CISC computer program for eccentric 

loads on bolt groups to include the effects of bearing and end or edge 

tear out. 

Recall that the CISe computer program for eccentric loads on bolt 

groups produces a coefficient ' C' dependent on the geometry of the group 

and the eccentricity of the load. To determine the capacity of a given 

connection, for a given eccentricity, the appropriate coefficient is 

multiplied by the smaller of (1) shear resistance of a bolt and (2) the 

bearing capacity of the connected material. This approach considers 

the nonlinear load-deformation response of a single fastener as a 

basis for determining the ultimate strength of a fastener group. The 

ultimate strength of the fastener group is assumed to be reached when 

the ultimate strength of the fastener farthest from the instantaneous 

center is reached. 

For a given fastener configuration and eccentricity a trial and 

error procedure is used to locate the instantaneous center. First, a 

trial location of the instantaneous center is selected, then the 

fastener located farthest from the instantaneous center is assumed 

to have the maximum fastener deformation. The deformation occurring 
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at each fastener is assumed to vary li nearly with its distance from the 

instantaneous center. Thus, the deformation of other fasteners can 

be determined from: 

where 

r . 
~ i = -'- ~max 

rmax 

~max = maximum fastener deformation 

~i = deformation of "i" fastener 

r = max distance from instantaneous 

fastener 

r i = di stance from instantaneous 

eq. 25 

center to farthest 

center to "ill fastener 

The fastener load corresponding to ~i is calculated by using 

Crawford and Kulak load deformation relationshipl. 

i. e. eq. 26 

where R = shear force on the fastener 

Rult = ultimate shear load of the fastener 

~ = deformation of the fastener 

u,'\ = regression coefficient 

e = base of natural logarithms 

Equilibrium of horizontal and vertical forces, plus summation of 

moments around the instantaneous center can now be used to check the 

assumed location of the instantaneous center. Once the l ocation of the 

instantaneous center has been established, then the strength of the 

fastener configuration is known and thus the "c" coefficient can be 

calculated. 
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To include the effect of bearing and end or edge tear out, it 

was decided that if the fastener shear, "R", calculated from equation 

26, exceeded the load required for fastener tearout, or excessive 

material deformation, then the fastener shear force would be reduced 

to the tearout or excessive deformation load. For end or edge tearout 

limiting the fastener shear force, it was assumed that the fastener 

shear load acts parallel to the direction of tearout, i.e. either 

horizontally or vertical ly. Although there will be some variation in 

the fastener load direction from the horizontal or vertical direction, 

in order to simplify the calculations this variation will be neglected. 

The following three revisions were made to the ClSC computer 

program for eccentri c loads on bolt groups: 

(1) The load on the bolt located at the bottom of the line of 

bolts nearest the end of the beam is limited to the force required 

for horizontal tearout of the web material at that location . 

(2 ) Revision 1 with the additional feature that the load on the 

highest bolt in the l i ne of bolts located farthest from the end of the 

beam is limited to the force required for vertical tearout of the web 

material at that location. 

(3) Revision 2 with the further limit on the maximum load which 

can be applied to any bolt is limited to 3.0 t d Fu, where: 

t = web thickness, d = bolt diameter and Fu = ultimate tensile stress 

of web. 

Thus, in the third form, all of. current specification requirements 

for bearing have been added to the eccentric load program which had been 
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developed for fastener shear, The revisions will adjust the coefficients 

produced by the computer program to reflect a bearing mode of failure 

when it is critical. The ultimate strength of a connection can then 

be calculated by choosing the appropriate coefficient, 'C', from the 

computer output and mUltiplying it by the shear strength of the bolts; 

Br = C 0.6 m (AB) (FUB) 

where m = number of shear planes 

AB = cross-sectional area of one bolt 

FUB = ultimate tensile stress of the bolt 

eq . 27 

Each of the revisions was used to calculate the ultimate shear 

capacity of the connections tested at the University of Texas and the 

results recorded in Table 10. Figures 19 and 20 illustrate the degree 

of correlation between the ultimate shear strengths calculated using 

the proposed revisions and the measured values. 

A study of the Texas tests on connections with two lines of bolts 

showed that connections with an unsymmetrical arrangement of bolts, 

such as test specimens 18-10, 18-11, 18-12, 18-1B and 18-19, showed 
- , 

no increase in strength over similar symmetrical connections with fewer 

bolts, For example, test 18-10 had 3 bolts at 3 inch pitch in the bolt 

lines closest to the end of the beam and 2 bolts at 6 inch pitch in 

the line farthest from the end of the beam. And test 18-16 had the 

same end distances as test 18-10 but only two bolts at 6 inch pitch 

in both lines. Although the analysis predicted that test 18-10, with 

its additional bolt, will have an ultimate shear strength of 183. kips, 

as compared to 94.1 kips for test 18-16, the measured strength was the 
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same for both tests. An investigation of test specimens 18-10, 18-11, 

18-12, 18-18 and 18-19 after failure found no significant material 

deformation around the bolt located between the upper and lower rows 

of bolts. Because of the ineffectiveness of this bolt to increase the 

strength of a connection, the contribution of the bolt to the strength 

of a connection is insignificant and the presence of this bolt could 

be neglected when calculating the strength of a connection. For tests 

18-16 and 18-17, having two bolts per line, the predicted strength 

showed good correlation with the measured values. 

Figure 19 illustrates the good correlation achieved between the 

strengths calculated using Revision 3 and the measured values for 

single line of bolts connections having five bolts with a pitch of 3.0 

inches. However, for connections having a single line of three bolts 

with a pitch of six inches, the predicted strengths were conservative 

with respect to the measured values. It was felt that the large pitch of 

the bolts resulted in a connection with sufficient stiffness to reduce the 

effective eccentricity and prevent horizontal tearout of the bottom bolt 

from being part of the failure mode. Observation of the test specimens at 

failure showed no material deformation in the horizgntal direction at the 

bolt locations. Figure 21 shows the improvement in predicted results 

achieved by removing horizontal tearout as a limiting factor, and 

assuming an effective eccentricity equal to half the distance between 

the centerline of the bolts and the column face. However, because 

the reason for revising the ClSC computer program was to develop a 

convenient design approach, it was decided that this improvement in 
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the analytical results did not compensate for the corresponding 

increase in the complexity of the design procedure and thus the 

improvement was not incorporated into the program. 

The degree of correlation between revision 3 and the experimental 

results is presented in Figures 22 and 23. For tests 18-10, 18-11, 

18-12, 18-18 and 18-19 revision 3 overestimates the strength of the 

connections. However, application of the "moment" model to these 

connections will give lower strength predictions, which have good 

correlation with the experimental values, as illustrated in Figure 18. 
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3.2 SERVICEABILITY CRITERIA 

In the limit states design philosophy a serviceability limit 

state, such as deflection, may be the critical limit for the evaluation 

of the performance of a connection, rather than one of the ultimate 

limit states. An acceptable serviceability check would be to limit 

the amount of permanent deflection which occurs when the maximum 

specified load is applied. In an attempt to evaluate serviceability 

the limit on permanent live load deflection of a connection at the 

column face was taken arbitrarily as 0.10 inches. 

The CISC computer program for eccentric loads on bolt groups was 

used to generate the load deflection curves for the following bolt 

group configurations: 

(1) one line of five bolts at a pitch of 3.0 inches. 

(2) two lines of two bolts each at a gage of 3.0 inches and a 

pitch of 6.0 inches . 

For each of the two connection types, two connection strengths 

were calculated. First the connection strength as limited only by 

fastener shear was calculated; this would corre,spond to the real case 

of an uncoped beam with adequate end distance or a coped beam with 

adequate end and edge distance. Secondary, each of the connection 

analyses was modified, as described in Section 3.0, to correspond to 

the University of Texas tests which had end or edge distance values 

limiting the connection strength. In the case of the five bolt single 

line, tests lB-3 and 18-4 were simulated and in the two line four bolt 

connection, tests 18-16 and 18-17 were simulated. The analytical 
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load-deflection curves for these bolt groups are shown in Figure 24. 

An estimate of service load for the bolt groups was made by dividing 

the ultimate strength by 2.0. 

Recall that the else computer program for eccentric loads on bolt 

groups assume the strength of a fastener group is dependent upon the 

shear strength of the fasteners. The ultimate strength of the fastener 

group is assumed to be reached when the ultimate strength of the 

fastener farthest from the instantaneous center is reached. 

• 

In order to estimate the permanent live load deflection, a line 

parallel to the linear portion of the load deflection curve is projected 

from the point on the curve corresponding to one half of the ultimate 
. 

load to the "x" axis of Figure 24. Figure 24 shows that the analytically 

obtained permanent deflection is less than the assumed limit of 0.10 

inches. 

While the vertical end distance for both test numbers 18-16 and 

18-17 is 2.0 inches, for test number 18-16 the horizontal end distance 

is only 1.0 inches, as compared to 2.0 inches for test number 18-17. 

8ecause of the larger horizontal end distance, and thus larger 

permitted fastener load, the load-deflection curve for test number 

18-17 is higher than that for test number 18-16. A direct comparison 

of the test data from tests 18-4 and 18-16, and the analyses shows 

reasonable correlation in Figure 25. In both cases the experimental 

data showed some "softer" behaviour above the proportional limit. 

For all cases, experimental and analytical, the 0.1 inch deflection 

limit would not have been exceeded after an application of half of the 

ultimate load. 
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While this assessment of the serviceability of two of the double 

angle connection configurations has been done arbitrarily with a tenth 

inch limit, it would seem, for the type of connections assessed, that 

the ultimate limit state would tend to control in design. 
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• 
4.0 CONNECTION DESIGN 

4.1 DESIGN PHILOSOPHY 

It is the recommendation of this report, that in order to satisfy 

the adequacy of shear capacity of a bolted double angle beam web to 

column connections the following design checks must be completed; 

(1) Shear capacity of the beam web. 

(2) Shear capacity of the connection angles. 

(3) Bearing capacity and/or bolt shear capacity (Developed in 

Section 3.1). The ultimate bearing strength, or shear 

strength, is computed by the revised CISC computer program 

for eccentric shear loads on bolt groups. A listing of the 

revised program is given in Appendix A. 

(4) Web tearing capacity - an extension of the block shear concept 

for higher eccentric effects is called "moment model" herein. 

(Developed in Section 2.1). A computer program was formulated 

to facil itate the calculations involved in the "moment" 

model design procedure. A listing of this program is given 

in Appendix B. 
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4.2 DESIGN EXAMPLES 

Exampl e No.1 

A W18x45 subjected to a specified live load _of 8.0 kips/foot and 

a dead load of 3.0 kips/foot, is required to span a distance of 12.0 

feet. A cope of the top flange is required for erection. 

Factored Live Load = 8.0 kips/ft x 1.5 = 12 ki ps/ft. 

Factored Dead Load = 3.0 kips/ft x 1.25 = 3.75 kips/ft. 

Total Factored Load = 1 5 .75 kips / ft . 

End Reaction = 15.75 kips/ft x 6 ft = 94.5 kips 

V for W18x45 is 156 kips > 94.5 kips 
r 

Shear capacity of web is adequate 

Horizontal and vertical end distances equal to 2.0 inches will be 

assumed. 

Use A324 - 3/4 inch diameter H.S. bolts 

Bolt shear resistance = 0.60 ~ m (AB) (FUB) 

= 0.60 x 0.67 x 2 x 0.4418 in 2 x 120 ks; 

= 42.6 ki ps 

The revised CISC computer program for eccentric loads on bolt 

groups is used to list coefficients based on connection geometry, web 

thickness, ultimate tensile strength of the web, and end distaaces. 

Coefficient required End Reaction 94.5 
= Bolt Shear Resistance = 42.6 

= 2.21 

From computer output, pp. 32, the coefficient for a single line of 

five bolts with a 3.0 inch pitch is 2.78, at an eccentricity of 2.5 

inches, which is greater than 2.21 required. 



-------------------W18*45 G:'~i0f: 
WEB THICKN ES S = 0.3350 IN Ch ES ULTIMAT E T ENSIL E S TR ESS = 65 .00 KS I 
HORIZONTAL END DISTANCE = 2.00 INCHE S 
VERTICAL END DISTANCE = 2 .00 INCH ES 

ECCENTRI C LO"DS ON BOLT GR OUPS 
COEFFIC I ENTS C 

PITCH NO . NO. P IT CH 
B OF MOM ENT ARI~. E . I NCHES OF B 

INCHES BOL TS 2 . 5 3 . 0 3. 5 4 .0 4 . 5 5 . 0 5 . 5 6 . 0 6 . 5 7 .0 7 . 5 6 . 0 BOL TS I NCHES 

2 . 95 .87 . BO .74 . ':9 .f 4 2 
3 I . 6 9 I .61 1. 5 3 1 . 4 5 1.37 1. 2<) 3 
4 2 .41 2 . 35 2. 2 7 2 .19 2 . II 2. . 03 4 
5 "J .t :! 3 .06 3.00 2 . 93 2 . E5 2 .70 5 

6 6 3 . 8::! 3 .77 3.71 3. 65 3 . 53 3 . 5 1 6 6 

2 . 6 4 . 55 .4 9 . 43 . 39 . 35 2 
3 1 . 29 1. 14 1. 02 . 9 1 . 8 1 . 73 3 
4 :?03 1. 07 1. 72 1. 58 1 . 45 1 . 34 4 
5 2 . 73 2 . 6 1 2 . 45 2 • .29 2 .1 4 2 . 00 5 

3 6 3 . 5 1 3 . 36 3 .1 9 3 . 03 2 . 81 2. . 71 6 J 

ECCENTR I C LOADS ON BOLT GRGUPS I 
w COEFF I C IENT S C N 
I 

2 VER TI CAL L I NE3 AT A SP ACI NG . 0 OF 3 I NCHES 

P I TC H NO . NO . P IT CH 
0 OF MO MEN T AR: ... E • I NCHES OF B 

I NCHES BOLl S 2 . 5 3 .0 3. 5 4. 0 4 . 5 5 . 0 5 . 5 6 .0 6 . 5 7 .0 7 . 5 a . o BOL TS I NCHES 

1 . 46 .41 .3 7 . 34 . 3 1 . 28 1 
2 2 .02 1.88 I .74 : I . 62 1 . 5 1 I . 4 I 2 
3 3 . 50 3.34 3.1 8 3. 02 2 . 86 2 . 70 3 
4 <\ . 9 4 4 . 8 1 4 . 66 4 . 5 1 4 . 34 4 .1 8 4 
5 6 . 3 6 6 . 24 6 . 1 I 5 . 9 7 5 . 82 5 . 67 5 

6 6 7. 75 7. f5 7. 54 7 . 42 7. 28 1 . 14 6 6 

1 . 46 . 4 1 . 37 . 34 . 3 1 . 28 1 
2 1 .. 55 1. 3<) 1 . 25 1 • 1 4 1 . 04 . S6 2 
3 2 . 78 2 . 5 1 2 • .:::!7 ~ . O7 1. 90 1 .7 5 3 
<\ 4 . 22 3 . ~2 3 . 63 3 . 37 3 . 13 2 . 'J2 4 
5 5 . 69 5 . 3 7 5 .0 6 4 . 76 4 .4 7 4 . 20 5 

3 6 7.1 5 6 . d5 6.53 6 . 2 1 5 . 90 5 . 59 6 3 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 

-33-

Use a single line of five bolts, pitch equal to 3.0 inches, 

and a clip angle eccentricity of 2.5 inches or less and a minimum 

edge distance of 2 inches. 

The moment model computer program is used to check the capacity 

of this connection . It's output is shown on page 34. Ultimate shear 

capacity is equal to 188 kips. Applying a performance factor of 0.67 

to this value gives: Vr = 0.67 x 1.88 kips = 126 kips, which is greater 

than the end reaction of 94.5 kips. 

Connection is adequate. 

Exampl e No.2 

For the second example suppose that the connection designed in 

Example No.1 was fabricated such that the 2.0 inch end distances were 

reduced to 1.0 inch. 

From the output of the revised CISC program, pp. 35, for minimum 

end distances, the coefficient would be reduced to 1.95. 

Vr = 1.95 x 42.6 kips = 83.1 kips 

Ultimate shear capacity of the connection with minimum end distances 
.. 

is given by the "moment" model program as 1 52 kips. (output page 36). 

V = 0. 67 x 152 ki ps = 102 ki ps > 83.1 kips r 

Present strength of connection = 83.1 ki ps 

The factored resistance of connecti on as calculated previously, 

Examp 1 e No.1, is 118 kips. 

Thus a reduction in strength of 1181i883.1 = 29.6% was caused 

by improper fabrication. 



- - - - Ift RA" UR WALu"'OtI9 UL~AT~EA~lItE" 
TOP FLANGE IS COPED 

Wlll.45 

CON~IECTI ON CATA 

DIAIAETER OF BOLTS = 0.1500 IN CH 
THICKNES S OF WEO = 0.3350 l~CH 
CLIP ANGLE ECCEtlTRICITY = 2.5000 INCHES 
YIELD STRENGTH OF wED = 44.000 KSI 
ULTIMATE TENSILE ST~EtIGTH OF WEA = 65.000 KSI 
NUMOER OF RO~S Of BClTS = I 
GAGE = 0.0000 

HORIZONTAL E~D DISTANCE = 2.0000 INC~ES 
VE~TICAl END OISTANCE = 2.0000 INC~ES 

NUI,mER OF BOLTS I~ ROW 1 = 5 PITCH = 3.(000 

XC = 0.0000 INCH Y( = 5.5133 INCll 

~OlUT I ON 

UL T II-IATF SHEAR RES I ST MICE I S L II~ /TED AY THE WED 
SIIEAR CAPACITY OF THE MeDEL 

VSM2 

144.61 
L-

TSI VSB2 

4~.!:5 240 .8fi 
// v 

ULTIMATE SHEAR RES ISTA~lC E = 1 88. 1 6 

- - - - - -~., , 
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- -- - - - - - -- - -W18*45 - - - - - - -]" ,.. "7 ; ,~"., 
\.. \.. ( .. ~ V ,~, 

WE8 THICKN ESS = 0.3350 INC HES ULTIMATE T ENSILE STR ESS = 65 .00 KS I 
HORIZ ONTAL END DI STANC E = 1.00 IN ChE S 
VERTICAL END DI STANCE = 1.00 I NCHES 

PITCH 
13 

I NCHES 

6 

:3 

NO . 
OF 

BOLTS 

2 
3 
4 
5 
6 

2 
3 
4 
5 
6 

., " _.- 3 . 0 

. 3 4 . 3 1 
. 9 1 . 8 3 

1 • (; I 1. 53 
2 . 3 1 2 . 25 
3 . 0 1 2 . 95 

. 23 . 20 _=3 . 44 
1 . 24 1 • 1 1 
1 • C; 5 1. 79 
'2 . 68 2 . ~2 

rmHENT ARM . E, 
3 . 5 4 . 0 4 . 5 

. 29 . 27 . 25 

. 75 . c6 . 59 
1 . 46 1 . 38 I .3 1 
.2 . 1 a 2 . 10 2 . 02 
2 . 39 2 . 02 2 . 75 

• 17 .1 6 • 14 
. 38 .33 .30 
. 99 . 00 . B1 

1. 54 1 . 50 1 . 39 
2 . 36 2 . 20 ~ . O5 

INChES 
5 . 0 

. 23 

. ~3 
1 . 24 
I • S 5 
2 . 60 

• 13 
. 27 
. 75 

I . 27 
1. 92 

2 VERT I CAL L I NES AT A S.~AC I NG. D OF 3 I NCHES 

P I TCH Nll . 
0 OF 1·\o;~ENT AI1M . E, I NChES 

I NCHES BOL T S ') " - ' - 3 .0 3 . 5 ~ . 0 4.5 5 . 0 

1 • 17 • 15 • 1 .3 • 12 • I 1 • 10 
2 1 • 4 'J 1.30 1 . 2 f· I. 12 1 • C 5 • ~8 
.3 :,?74 2 . 60 2 . 46 2 . 32 2 .1 8 2 . 04 
4 4 . 15 4 . 02 3 . 80 3 . 73 3 . 50 3 . 43 
5 5 . 56 5 . 44 5. J 1 5 . 1 7 5 . U3 4.E7 

6 6 6 . 05 6 . 85 6 . 74 6 . 6 1 6 . 47 ti.33 

1 • 1 7 • 15 • 1.3 • 1 2 • 1 1 • 10 
? 1 • 07 • S6 . e7 . 79 . 72 . 67 
.3 2 . \ 1 I. B9 1 . 70 1 . 55 1. 42 1 • ~ 1 
4 .3 . 4~ 3 . 20 2 . 'iS 2 . 73 2 _ =3 2 . 35 
5 4 . <;0 4 . 60 4 . 30 4 . 02 3 . 75 J . 50 

3 6 c . 3 4 6 . C4 5 . 73 5 . 42 5. 1 J 4 . £:4 

5 . 5 6 . 0 6 . 5 

5 . 5 6 . 0 6 . 5 

ECCE NT R I C LO ADS ON BOLT GRO UPS 
COEFF I C I EN T S C 

7 . 0 7 . 5 

ECCENTRIC 

7 . 0 7 . 5 

cl . O 

LOADS 

NO . 
OF 
BOLTS 

2 
3 
4 
5 
6 

2 
3 
4 
5 
6 

ON BGL T 

P IT CH 
B 

INCtlES 

b 

3 

GflOUPS 
, 
w 

COEFFICIENTS C '" , 

NO . P ITCtl 
OF [J 

8 . 0 BOLTS lIiCHES 

1 
2 
3 
4 
5 
b 6 

1 
2 
3 
4 
5 
6 3 



- - - - ---------pnCGnAM FOR EVALUATION Or- ULT. . ATF. SIiEAf! \'I~Ir:N 
TOf' FL~NGE IS Cflf' E O 

'0110.45 

CO ' INECTION DATA 

DIAMETEn OF BOLTS = 0.1500 INCH 
THICKNESS OF WEO ·= 0.3350 I"CII 
CLIf' ANGLE ECCENTRICITY = 2.5000 INCHES 
YIELD STRENGTH OF wED = 44.000 KSI 
ULTIMATE TENSILE STRENGTH OF WEO = 65.000 KSI 
NU~OER OF flOWS OF CCLTS = 1 
GAGE = 0.0000 

HORIZONTAL END DISTANCE = 1.0000 INCHES 
VERTICAL END DISTANCE = 1.0000 INC~ES 

NUIWER OF DOLTS IN fiO~1 I = 5 PITCH ·= J .0000 

XC ·= 0.0000 INCH YC = 5.56 2 1 INCH 

50LUT I ON 

ULTIMATE SHEAR RE S ISTANCE IS LU~ITED BY TIl E WED 
StiEAn CAPACITY OF HE MODEL 

VSI~2 TSI VSB2 

I JO. 24 21.17 212.14 

ULTIMATE SHEAR RESISTANCE = 1~2.02 

- - - - - -'{~'1I 
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Examp1 e No.3 

In this example, suppose that a steel fabricator wishes to use a 

standard connection for W18x45 beams with a coped top flange. The 

connection consists of two vertical lines of bolts in the web spaced 

at 3.0 inches, with two A325 - 3/4 inch diameter H.S. bolts per line 

and a pitch of 6.0 inches. The resistance of this connection, with 

end distances of 2.0 inches is evaluated as follows : 

Moment Arm for connection 

= B01t2~auge + Eccentricity to first line of bolts 

= ~:o inches + 2.5 inches = 4.0 inches 

From the output of the "bearing" model program, pp. 32, the 

coefficient for this connection is 1.62. 

. . V for the beam web = 1.62 x 42.6 kips r 

= 69.0 ki ps 

Checking the connection using the "moment" model program gives 

the output shown on pp. 38 i.e. ultimate shear capacity = 124 kips 

, . 
' . V = 0.67 x 124 kips = 83.1 kips > 69.0 kips r 

Thus the shear strength of the beam web for this fastener configuration 

would be 69.0 kips. 

If a check of the clip angles showed that their res i stance was 

equal to, or greater than, 69.0 kips, then the shear resistance of 

the connection would be assigned a value of 69 kips. 



- "'1- -----------PROGRMI FOR EVALUAT I ON CF UL T •.• AI E SHr:AR ~.11CN 
TOP FL ANGE I S COPED 

WI B*45 

CONNECTION CAT A 

DI AMCTER OF BOL TS = 0 . 7500 I NCII 
THI CKNESS OF WEn = 0 . J35 0 I~CH 
CL I P ANGLE ECCENTR I C ITY = 2 . 5000 I NCHES 
YI ELD STRENG TH OF WEB = 44. 000 KS I 
ULTI MA TE TENS I LE S TRENG TH OF WED = u5 . 000 KS I 
NUIIBER OF HO lli S OF DCLTS = 2 
GAGE = J . OOOO 

HOR I ZONTAL END D I S TA NCE = 2 . 0000 I NCHES 
VERT I CAL END D I STANCE = 2 . 0 000 I NCHES 

MJMnER OF DeLTS I ~ ~OW I = 2 

NUMOER OF DOLTS I N ~OW 2 = 2 

PITCH = 6 . 0000 

PITCH = 6 . 0000 

xc = 0 . 0000 I NCH YC = I . S676 I NCH 

SOLUT I ON 

MO il MO l 2 MOl MB2 MBJ ~B l SI 

104 . 27 272 .1 9 J76 .4 6 3~5 . 81 0 . 00 682 . 2b 108 . 07 

ULT I MA TE SHEAR RES I STANCE = 124;05 

- - - --'! t II 

I 
W 
0> 
I 
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Examp1 e No.4 

A W18x41, subjected to uniform loading, is required to span a 

distance of twelve feet and a cope of the top flange is required for 

erection. One inch in diameter, A325, H.S . bolts will be used in the 

end connections. This example is presented to show a case where 

"moment" model is critical. 

Mr for W18x41 = 260 kips/foot 

Mr = wi
2 = 2 (12.0 ft)2 = 260 kips/ft 

8 8 

. '. w = 14.4 kips/ft 

and End Reaction = 14.4 kips/ft x 6 ft = 86.4 kips 

Use minimum end distances, i.e. 1.25 inches. 

Shear Resistance of 1 inch diameter bolt is equal to 0.67 x 0.60 

x 2 x 0.785 in2 x 120 ksi = 75.8 kips 

End Reacti on 
Coefficient required = Bolt Shear Resistance 

= 86.4 = 1 14 
75.8 . 

From output of "bearing" model program, pp. 41, for a single 1 ine 

of four bolts with a 3.0 inch pitch and a clip angle eccentricity of 

2.5 inches, the coefficient is 1.99. 

1 .99 > 1.14 .'. adequa te 

Assume a single line of four bolts with a 3.0 inch pitch. 

Ultimate shear capacity J)"edicted by the "moment" model is 112 kips, 

(pp. 42). 
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Vr = 0.67 x 112 kips = 75.0 kips < 86.4 kips 

connection is not adequate 

Try a single line of five bolts with a 3.0 inch pitch. Ultimate 

shear capacity by the "moment" model is 138 kips (pp. 43) , 

Vr = 0.67 x 138 kips = 92.5 kips > 86,4 kips 

.'. The connection is adequate and the "moment" model type of 

failure was the critical design check. 



-------------------'. 
W18*41 

," 7 flY 
WEB THICKNESS = 0.3190 INCHES ULTIMAT E T ENSIL E STR ESS = 65.00 KS I 
HORIZONTAL END DISTANCE = 1. 2 5 INCHES 
VE RTICAL END DI STANCE = 1.25 INCHES 

PITCH 
B 

INCHES 

6 

3 

NO . 
OF 

BOLTS 

2 
3 
4 
5 
6 

2 
3 
4 
5 
6 

2 . 5 3 .0 

.40 . 3 1 
1 • 10 • <; B 
1 . 9 <) 1. 90 
2. 0:) 2 . 80 
3.77 3.70 

. 27 . 23 

. 62 . 52 
1 . 5:! 1 . 35 
2 .4 2 2 . 2~ 
3. 3 /• 3. I '. 

NDI~ENT AR M. E . 
3 . 5 4.0 4. 5 

. 34 . 3 1 . 29 

. 86 . 16 . 6 8 
I . 3 0 1.7 0 I • t I 
2 . 7 1 2 . 62 2 . 52 
3. 62 3 . 53 3.44 

. 20 • 1 B • 16 

.4 4 . 39 . 34 
1 • ~ 1 1 . 09 .99 
2 . 02 1 . 34 I . 6d 
2 . 94 2 . 14 2 . !J6 

IN CHES 
5 .0 

. 21 

.62 
1 • e 2 
2 .4 2 
3 . 34 

• 15 
. 3 1 
. 91 

1 • ~ 4 
2 . 37 

2 VER TI CAL L1 1>ES AT A SPAC I NG . D OF 3 I NCHES 

PITCH NO . 
B OF MOMENT AR M. E . I NCHES 

I NC HE S BOL T S 2 . 5 3 . 0 3 . 5 4 . 0 4 . 5 5 . 0 

I • 1 9 • 11 • 16 • 14 • 13 • 12 
2 1. 74 1. 62 1 . 50 : 1 . 40 1. 3 0 1 . 2 1 
3 3. 4 4 ~ . 25 3. 0B 2 . 88 2 . 69 2 . e2 
4 5 . 2 .1 5 . 06 4. 00 4 . 69 4 . 50 4 • J I 
5 7. 0 I 6 . 06 6 . 70 6 . 52 6 . 33 6 .1 4 

6 6 3 . 79 8 . 65 8 . 50 fI . 3 4 B . 17 7. 99 

I • 19 • 17 • 16 • 14 • 13 • 12 
2 1 . 34 1. 20 I . 08 . 4J8 . 90 . 83 
3 2 . f3 2 . 36 2 .1 3 I . 94 I . 7 7 I • f 4 
4 4 . 36 J . 99 3 . 67 3 . 39 3 . 13 2 . 90 
5 5 .1 1 5 . 70 5 . 39 5 . 02 4 . 69 4 . 38 

3 6 d . OO 7 . f2 1 . 23 6 . 83 6 . 43 6 . 06 

5 . 5 6 . 0 6 . 5 

5 . 5 6 . 0 6 . 5 

ECCE NTRI C LO ADS ON dOL T GROUPS 
COEFF I C I EN T S C 

NO . P IT CH 
OF B 

1.0 1 . 5 8 . 0 BOLTS INCHES 

2 
3 
4 
S 
6 6 

2 
3 
4 
5 
6 3 

jOCCEN TRI C LOADS ON lloL T GIWUPS I ..,. 
COEFFIC I ENT S C ~ 

NO • • P I TCH 
OF i) 

7 . 0 7 . 5 8.0 dOL TS INCHES 

1 
2 
3 
4 
5 
6 6 

1 
2 
3 
4 
5 
0 3 
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TO~ FL ANGE I S COpeD _______________ _ - '- -

,\ 

WI O*4 1 

CONtlECT I ON DATA 

D I At~ETER OF BOLTS = 1 . 0000 I NCH 
TH I CKNESS OF WE9 = 0 . 3190 I NCH 
CL I P ANGLE ECCENTRICITY = 2 . 5000 INCIIES 
YIELD STRENGTH OF ~~B = 44.000 KSI 
ULT I MATE TENSILE STRENGTH OF WEB = 65 . 000 KSI 
NUMBER OF Ro\~S OF ' 90LTS = I 
GAGE = 0 . 0000 

IOR I ZONTAL END DISTANCE = 
VERT I CAL END DISTANCE = 

1. 2500 INCHES 
1. 2500 INCHES 

NUMDER OF BCLTS It-. 110\1 I = 'I PITCH = 3 . 0000 

XC = 0 . 0000 INCH YC = 4 . 2793 IN CH 

~ SOLUT I ON 

" 

ULTHIATE SHEAR RESISTANCE IS LIMITED BY THE WEB 
SH E AR CAPACITY OF THE IIODEL 

VSM2 lSi V:iB2 

66 . 39 25 . 92 :!OE . 43 

LL T JI~A TE SHEAR RES I STANCE -= 112 . 31 

.:. }' ., t ,-.... " 

I ... 
N 
I 



- - - - - - - - - - - - - .. - - - '- -PROGRAM FOR EVALUATION OF ULTIMATE SHEAR WHEN sr! [08 
TOP FLANGE IS COPED 

W18+41 

CONNECTION DATA 

DIAMETER OF BOLTS = 1.0000 INCH 
THICKNESS OF WEO = 0.3190 INCH 
CLIP ANGLE ECCENTRICITY = 2.5000 INCHES 
YIELD STRENGTH OF WEB = 44.000 KSI 
ULTIMATE TENSILE STRENGTH OF WEB = 65.000 KSI 
NUMBER OF RO_S OF BOLTS = 1 
GAGE = 0.0000 

HORIZONTAL END DISTANCE = 1.2500 IN CHES 
VERTICAL END DISTANCE = 1.2500 INCHE S 

NUMBER OF OOLTS IN ROI'l 1 = 5 PITCH = 3.0000 

XC = 0.0000 INCH YC -= 5.61<)4 IN CH 

SOL UTI ON 

ULTIMATE SHEAR RESISTANCE IS LIMIT ED BY TH E WEB 
SHEAR CAPAC ITY OF THE HODEL 

VSM2 TSI VSB2 

1 12. 05 25.9~ 2c7.c4 

ULTll4ATE SHEAR RESISTANCE = 137.97 

I 
~ 
W 
I 
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5. CONCLUSIONS AND RECOMMENDATIONS 

The findings of this report are summarized as follows: 

(1) While the "block shear" failure model will give accurate 

results for connections with only one line of bolts, for connections 

with two lines of bolts it overestimates the ultimate connection 

strength because it does not consider the effect of eccentricity. 

(2) The "moment" model design procedure was developed to consider 

eccentricity and is applicable to connections with either one or two 

lines of bolts. For connections with only one line of bolts, the 

"moment" model degenerates into a "block shear" mode of failure. 

(3) Results obtained from the use of the "moment" model to predict 

the ultimate shear capacity of the connection configuration tested at 

the University of Texas showed good correlation with the measured 

values. 

(4) The "tension resistance" model, while exhibiting correlation 

with certain types of bolt group configurations, does not give satisfactory 

correlation with all configurations. 

(5) Current CSA S16.1-l974, "Structures for Buildings - Limit 

States Desi gn", require the following design checks to be compl eted 

to satisfy the adequacy of she~r capacity of a bolted angle beam web 

to column connection. 

1. Shear capacity of the beam web. 

2. Bearing resistance of the web. 

3. Bolt shear. 

4. "Block Shear" model. 
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(6) When considering the effect of eccentric loading, 516.1-1974 

requires that the capacity of a given connection be determined by 

multiplying the appropriate coefficient "~CO by the smaller of 

(1) shear resistance of a bolt, and (2) bearing capacity of the connected 

material. Clause 13.10 (c) of 516.1-1974, which gives an expression 

for the bearing capacity of a material (i .e. Br = ~tneFu), does not 

state what end, or edge, distance should be used in this expression. 

An interpretation of "e" to be equal to the smallest of either 

horizontal, or vertical, end distances led to very conservative 

estimates for the ultimate shear strengths of the connections tested 

at the University of Texas. 

(7) A design aid for use in predicting the ultimate shear 

strength of a connection with either one or two lines of bolts, when 

the top flange is coped, was developed by revising the CI5C computer 

program for eccentric loads on bolt groups to include fastener tearout 

and ultimate bearing strength as additional limits on fastener shear 

load, (i .e. the "Bearing" model). 

(8) For the bolt group configurations tested at the University 
" 

of Texas, an arbitrary serviceability 1imit state permanent on def1ection 

was found not to be critica1 for the design of such connections . 

It is the recommendation of this study that for double ang1e beam 

web to column connections, the design procedure for the connection 

should consist of the fo110wing three design limits when the top 

f1ange is coped. 

1. Gross shear capacity of the beam web. 

2. "Bearing" mode1 (includes fastener shear) 

3. "Moment" mode1. 
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I 
TABLE 1 - COMPARISON OF MEASUREr SHEAR TO 

I 
THEORETICAL VALUE 

Test Experimenta 1 Moment % of 

1 Number Resul t Model Test 
(k ips) (k ips) 

1 18-1 205. 231 . 113. 
18-2 205. 204. 99. 
18-3 212. 213. 100. 

1 18-4 201. 200. 99.5 
18-5 173. 185 107. 

I 18-6 161 . 186. 116. 
18-7 201 214 106. 
18-8 145. 173. 119. 

1 
18-9 152. 139. 91.4 
18-10 111. 117. 105. 

18-11 101. 94.3 93.4 

I 18-12 152. 146. 96. 
18-13 140. 160. 114. 
18-16 111 . 11 o. 99.2 

1 18-17 131. 136. 103. 

18-18 101. 94.2 93.3 

I 
18-19 134. 136. 101. 
18-20 167. 162. 96.7 
18-21 142. 129. 90.9 
18-22 185. 162. 87.1 

1 18-23 157. 129. 82.3 
18-24 178. 161. 90.4 

I 18-25 142. 161. 113. 

I 
I 
I 
I 
I 
I 
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Test 
Number 

18-3 
18-4 
18-5 
18-8 
18-9 

18-10 
18-11 
18-12 
18-16 
18-17 
18-18 
18-19 

18-20 
18-21 
18-22 
18-23 
18-24 
18-25 

TABLE 2 - ULTIMATE SHEAR STRENGTH CALCULATED BY "BLOCK SHEAR" MODEL 

Number of F An2b 
1 j nes of u 

(jn2) bolts ( ksj) 

1 60.3 4.05 
1 60.3 4. 36 
1 60.3 3.98 
1 60.3 3.89 
1 60 .3 4.70 

2 60.3 2.91 
2 60.3 2.81 
2 60.3 2.91 
2 58.6 2.81 
2 58.6 2.81 
2 58.6 2.02 
2 58.6 2.44 

1 58.6 4.96 
1 58 .6 4.54 
1 58.6 4.96 
1 58-.6 4.54 
1 58.6 4.90 
1 58.6 4.90 

Anl a 

(in2) 

0.671 
0.247 
0.247 
0.165 
0.660 

1.15 
1.05 
1.62 
1.13 
1.55 
1.13 
1.55 

0.446 
0.236 
0.656 
0.656 
0.630 
0.210 

Shear Resistan~e Tensile Resistance 
Fu x Anl 0.66 x F x An u 

(k j ps) ( kips) 

161 .2 40.4 
173.6 14.9 
158.3 14.9 
154.9 9.9 
187.1 39.8 

115.7 69.5 
111.8 63 . 2 
115.7 97.6 
108.7 66.2 
108.7 90.8 
78.1 66.2 
94.4 90.8 

191.8 26.1 
175.6 13 .8 
191.8 38.4 
175.6 38.4 
189.5 36.9 
189.5 12.3 

a - An1 Net Area along plane AA 

b - An2 Net Area along plane BB 

Ultimate 
Shear 
( k j ps ) 

202. 
189. 
173. 
165. 
227. 

185. 
175. 
213. 
175. I 

.po 
200. 00 

I 

144. 
185. 

218. 
189. 
230. 
214. 
226. 
202 . 
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TABLE 3 ULTIMATE SHEAR STRENGTHS CALCULATED 

Test 
Number 

1 B-3 
18-4 
18-5 
18-8 
18-9 

18-10 
18-11 
18-12 
18-16 
18-17 
18-18 
18-19 

18-20 
18-21 
18-22 
18-23 
18-24 
18-25 

BY "TENSION RESISTANCE" MODEL 

Number of U1 timate Shear 
1 ines of bolts 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 

Ag = gross area of web along 
plane AA 

= Fu x Ag 
(ki ps) 

52 . 2 
26.5 
26.5 
23.2 
5l.4 

104. 
130. 
132. 

98.5 
123. 

98.5 
123. 

36.9 
24.6 
49.2 
49.2 
47.7 
23.1 
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TABLE 4 COMPARISON OF CALCULATED AND 
MEASURED ULTIMATE SHEARS 

Test Number of Measured BLOCK SIIEAR MODEL TENSION RESISTANCE MOMENT MODEL 
Number 1 ines of ultimate Ultimate % of Ultimate % of Ultimate % of 

bolts shear shear Test shear Test shear Test 
(k ips) ( kips) (k ips) 

18-3 1 212. 202. 95.3 52.2 24.6 213. 100. 
18-4 1 201. 189. 94.9 25.5 13.2 200. 99.5 
18-5 1 173. 173. 100. 26.5 15.3 185. 107. 
18-8 1 145. 165 'b 114. 23.2 16.0 173. 119. 
18-9 1 152. 139. 91.4 51.4 33.8 139. b 91.4 

1 B-1 0 2 111. 185. 167. 104. 93.7 117. 105. 
18-11 2 101. 175. 173. 130. 129. 94.3 93.4 I 

1 B-12 2 152. 213. 140. 132. 86.8 146. 96.1 lSl 

18-16 2 111. 175. 158. 98.5 88.7 11 O. 99.2 
0 
I 

18-17 2 131. 200. 153. 123. 93.9 136. 103. 
18-18 2 101. 144. 143. 98.5 97.5 94.2 93.3 
18-19 2 134. 185. 138. 123. 91.8 136. 101. 

18-20 1 167 . 162. b 96.7 36.9 22.1 162. b 96.7 
18- 21 1 142. 129. b 90.9 24.6 17.3 129. b 90.9 
18-22 1 185. 162. b 87.1 49.2 25.5 162. b 87.1 
18-23 1 157. 129. b 82.3 49.2 31.3 129. b 82.3 
18-24 1 178. 161 . b 90.4 47 . 7 26.8 161. b 90.4 
18-25 1 142. 161. b 113. 23.1 16.3 161. b 113 . 

b - bearing strength of the web is critical 
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Test 
Number 

1 B-3 
18-4 
18-5 
18-8 
18-9 

18-10 
18-11 
18-12 
18-16 
18-17 
18-18 
18-19 

18-20 
18-21 
18-22 
18-23 
18-24 
18-25 
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TABLE 5 SHEAR RESISTANCE OF BEAM WEB CSA S16.1 

Web Depth of Web Area Fy - V 
Tf1ickness Section IIAwu r 
(inches) (inches) (i n2) 

(ksi) : 0.66xFyxAw 
(ki ps) 

0.447 1 B .38 8.21 38.5 209. 
0.439 18.31 8.04 38.5 204. 
0.439 18.38 8.07 38.5 205. 
0.440 18.47 8.13 38.5 207. 
0.440 18.38 8.09 38.5 205. 

0.439 18.31 8 .04 38.5 294. 
0.430 18.31 7.87 38.5 200. 
0.439 18.38 8.07 38.5 205. 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 

0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186 . 
0.420 18.38 7.72 36.6 186. 
0.420 18.38 7.72 36.6 186. 
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TABLE 6 BEARING RESISTANCE - CSA S16.1 

Test Number of Number Fu Web EV Ell 
B _ !I!·t·!]·EV.Fu B = T· t·!]· EH· Fu 

Number lines of of bolts (ks 1) Thi ckness ( in. ) (i n. ) r 0.9 r 0.9 
bol ts I I) I (i n. ) 

(kips) ( kips) 

18-3 1 5 60.3 0.447 1.0 1.938 100. 194. 
18-4 1 5 60.3 0.439 1 .875 1.0 185. 98.5 
18-5 1 5 60.3 0.439 1 .0 1.0 98.5 98.5 
18-8 1 5 60.3 0.440 1.063 0.875 105. 86.4 
18-9 1 3 60.3 0.440 1.0 1.938 59.3 115. 

1 B-1 0 2 5 60.3 0.439 2.0 0.938 197. 92.4 
18-11 2 5 60.3 0.430 2.0 1.0 193. 9/i.5 
18-12 2 5 60.3 0.439 2.0 2.0 197. 197. 
18-16 2 4 58.6 0.420 2.0 1.0 147. 73.3 
18-17 2 4 58.6 0.420 2.0 2.0 147. 147. 
18-18 2 5 58.6 0.420 1 .0 1.0 91.6 91.6 
18- 19 2 5 58.6 0.420 2.0 2.0 183. 183. 

18-20 1 3 58.6 0.420 2.0 1.5 11 O. 82.5 
18-21 1 3 58.6 0.420 1 .0 1.0 55.0 55.0 
18-22 1 3 58.6 0.420 t.O 2.0 11 O. 11 O. 
18-23 1 3 58.6 0.420 1.0 2.0 55.0 11 O. 
18-24 1 3 58.6 0.420 2.0 2.0 11 O. 11 O. 
18-25 1 3 58.6 0.420 2.0 1.0 110. 55.0 

• 

I 
U1 
N 
I 
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TABLE 7 'BLOCK SHEAR' RES! STANCE - CSA 516.1 

Test m n Fu Av At 
Number (ks i ) ( in2 ) ( i n2 ) 

18-3 1 5 60.3 4.18 0. 684 
18-4 1 5 60.3 4.49 0 .2 61 
18-5 1 5 60.3 4.10 0. 261 
18-8 1 5 60.3 4.02 0.193 
18-9 1 3 60.3 4.83 0.674 

18-10 2 2 60.3 2.95 l.19 
18-11 2 2 60.3 2.85 0.90 
18-12 2 2 60.3 2.95 l.66 
18-16 2 2 58.6 2.85 1.17 
18-17 2 2 58 . 6 2.85 1.59 
18-18 2 3 58.6 2.09 1.17 
18-19 2 3 58.6 2.51 1.59 

18-20 1 3 58.6 5.03 0.459 
18-21 1 3 58 . 6 4.61 0 . 249 
18-22 1 3 58.6 5.03 0 . 669 
18-23 1 3 58.6 4.61 0.669 
18-24 1 3 58.6 4.96 0.643 
18-25 1 3 58.6 4.96 0.223 

m = number of 1 ines of bo1 ts 

n = number of bolts i n left hand side line 

Av = w [ [ - ( n - t) d ] 

For one 1 ine of bo1 ts: 
, 1 

At = w (eo - I d) Fu 

For two lines of bolts: 
1 

At = w (eo + G - (m - 2) d) 

.. 

V = O. 53xFuxAv 
+FuxAt 

( kips ) 

175. 
159 . 
147 . 
140. 
195. 

166. 
145. 
194. 
157. 
182. 
133. 
171. 

183. 
158. 
195. 
182. 
192 . 
167. 
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• 
TABLE 8 ECCENTRIC LOADS ON BOLT GROUP - CSA 516.1 

Test 
Number 

18-3 
18-4 
18-5 
18-8 
18-9 

18-10 
18-11 
18-12 
18-16 
18-17 
18-18 
18-19 

18-20 
18-21 
18-22 
18-23 
18-24 
18-25 

Number Coeffi c i ent Eccentric Load on Bo 1 ts 
of Bolts 'c' 

Shear* Bearing** 
( kips) 

5 4.21 268. 
5 4.21 268. 
5 4.21 268. 
5 4.21 268. 
3 2.65 169. 

5 3.19 203. 
5 2.97 189. 
5 3.19 203. 
4 2.45 156. 
4 2.45 156. 
5 2.39 152. 
5 2.39 152. 

3 2.65 169. 
3 2.65 169. 
3 2.65 ·169. 
3 2.65 169. 
3 2.65 169. 
3 2.65 169. 

* - Shear based on ultimate shear capacity of 
3/4 inch diameter A325 H.S. bolt. 
(i .e. 63.6 kips) 

** - Bearing based on bearing resistance of the 
connected material (see Tab1~ 6) 

(k ips I 

84.2 
82.9 
82.9 
72.7 
52.4 

59.0 
57.3 

126. 
44.9 
89.8 
43.8 
87.6 

72.9 
48.6 
97.2 
48.6 
97.2 
48.6 



------------------­.,. 'j? 1 

TABLE 9 SUMMARY OF OESIGN CHECKS - CSA S16.1 

Test Web Bearing Eccentric Block Crit i ca 1 Oes i gn % of 
Number Shear Vertical Horizontal Load Shear check Test 

( kips) (k j ps ) ( kips) (kips) ( kips) 

18-3 209. 100. 194. 84.2 175. Eccentric Load 39.7 
18-4 204. 185. 98.5 82.9 159. Eccentric Load 41.2 
18-5 205. 98.5 98.5 82.9 147. Eccentric Load 47.9 
18-8 207. 105. 86.4 72 .7 140. Eccentric Load 50.1 
18-9 205. 59.3 115. 52.4 195. Eccentric Load 34.5 

18-10 204. 197. 92.4 59.0 166. Eccentric Load 53.2 
18-11 200. 193. 96.5 57.3 145. Eccentric Load 56.7 
18-12 205. 197. 197. 126. 194. Eccentric Load 82.9 
18-16 186. 147. 73.3 44.9 157. Eccentric Load 40.5 

I 
18-17 186. 147. 147. 89.8 182. Eccentric Load 68.5 Ul 

U1 
18-18 186. 91.6 91.6 43.8 133. Eccentric Load 43.3 I 

18-19 186. 183. 183. 87.6 171. Eccentric Load 66.9 

18-20 186. 11 O. 82.5 72 .9 183. Eccentric Load 43.7 
18-21 186. 55. 55. 48.6 158. Eccentric Load 34.0 
18-22 186. 11 O. 110. 97.2 195. Eccentri c Load 52.5 
18-23 186. 55. 11 O. 48.6 182. Eccentric Load 31.0 
18- 24 186. 110. 11 O. 97.2 192. Eccentric Load 54.6 
18-25 186. 110. 55. 48.6 167. Eccentric Load 34.2 



- - - - - - - - - - - - - - - - - - -![!1~" 
TABLE 1 0 COMPARISON OF REVISIONS FOR CISC COMPUTER PROGRAM 

•• 
Test Experimenta 1 CISC COMPUTER PROGRAM RESULT 
Number Resul t Revision 1 % Revision 2 % Revision 3 % 

( kips) (k ips) of Tes t ( kips) of Test (kips) of Test 

1 B-3 212 252. 119. 202. 95.4 185. 87.3 
18-4 201 220. 109. 199. 98.8 179. 89.2 
18-5 173 220. 127. 167. 96.4 150. 86.8 
18-8 145 215. 148. 159 . 11 O. 144. 99.6 
18-9 152 151. 99.3 197. 70.3 99.9 65.7 

18-10 111. 221. 199 . 210 . 189. 183. 164 . 
18-11 101 . 221. 219. 207. 205. 177 . 176. 
18-12 152. 251. 165. 240 . 158. 216. 142. 
18-16 111 . 120. 108. 112. 101. 94.1 85.1 
18-17 131. 141. 108. 134. 103. 116. 88.5 I 

18-18 101. 190. 188. 154. 152. 12B. 127. 
U'1 

'" 
18-19 134. 216. 161 . 203. 151. 176. 131. 

I 

18-20 167. 137. 82. 118. 70.7 108. 64.6 
18-21 142. 123. 86. 69.3 48.8 65.6 46.2 
18-22 185. 150. 81.1 132. 71.4 122. 65.5 
18-23 157. . 150. 95.5 104. 66.2 94.1 60.0 
18-24 178. 

. 
148. 3R.1 130. 73. 120. 67.7 

18-25 142. 121. 85 . 2 102. 71 .8 92.9 65.6 
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FIGURE \5 COMPt\AI50N OF MODELS FOR COPED BB"<.MS 
WITH SINOLE UNE OF BOLTS CONNEcnON3, 
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, , FIGURE 16 COMPAAI50N OF MODELS FOR COPED I" BEt<.M5 \VITN . T\VO LINES OF BOLTS CONNECTION's . 
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-l FIGURe 17 COMP/'IR150N OF C5~ .5PECIFICtlTION 10 ~MOMENTH 

I MODEL FOR COPED BEI\MS WITH 51N6LE LINE 
OF BOLTS CONNECTIONS 
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oJ FIGURE 18 COMPI\RI50N OF C5t1 5~CIFICJ\TION TO • MOMENT' 1 ~~ 
MO~EL FOR COFEV' 5EtIMS WITH TWO LINES OF 
BOLTS CONNECTIONS I 
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FIGURE 19 COM~AI::xJN OF 19EVI:,)ION.5 FOR O:>c. 

CCMPUTEA PAOGA-,""M , .5IN6LE LINE 
OF BOLT5 CONNECfION5, 
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COMFARI50N OF FlE,V1510N5 FOA CI5C COMPUTER 

PROGRAM , TWO LINES OF BOLT3 CONNECTIONtL 
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FIGUAE 2.1 COMFN"tI~ON OF F!ESULT~ Of3T.A;INED e>Y flEDUCJNG 
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FIGURE 22 COMPARI50N OF REVISION 3 TO CUAFIENT C , t<.. 
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APPENDIX A 

REVISED CISC COMPUTER PROGRAM 
FOR ECCENTRIC LOADS ON BOLT GROUPS 



---------.- - -- - - -- - -...........................•..........•...............•....................... ~ 
• ~ATFIV VER I LE VS . MONITOR.VERS ION 3C ~ 
• . H W IL SON '_ I, ,, . ~ 
• MONDAY AUGUST 18. 19 80 . S:02 PM ~ 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••• 

SJOBW 

1 
2 
3 
4 
S 
6 
7 
6 
<) 

10 
1 I 

\2 

13 

14 
IS 
16 
17 

10: ' 
C 
C 
C 
C 

C 

H WI LSON ' • T=3 
L.S .0. HA~jCBOOK 
----> COMPUTE C FOR ECCENTR I C 

VERS ION 2 - EXACT METIIOD 

INTEGER lINE(131).BLANK 
INT EGER UNITS 

LOADS ON BOLT GROUPS 
22 JANUARY 1976 

REALEIS) .OI31. DC . E I 12)'CI 12 ) oICRI 12 1 
REAL RU( 2 ) .D ELTA( 2) .LAMDA(2) .MU( 2 ) . X( 12 . 4 ). Y( 1 2 . 4 1 .nl 12.41 ,I NC 
REAL XSTART(12) 
REAL 3'3 1( 5 ) 
~ lMENS ION JOBID(20) 
DAT~ RU/74 .0,OO. 0/ . OELTA/0 . 34 ,O. 00/.lA~DA/O . SS . 0 . OO/,MU/ 10.0,0. 00/ 
OAT.\ 851 / 80 •• 90.0100.0120. ,l tiO ./ 
DATA B/6 ., 3. ,4 •• 5 •• 0./ . illAI\K/ ' 1/ 
DATA 13I,IMf>/1.2/ 

C ADDITI0I1AL DATA CARDS 
D ~TA M/2/ .AB/0.44Id/. OB/O.7S/ ,D SB/0 .6750/ 

C ~;NU~B ~R OF SHEAR PLANES 
C AB:CROSS-SECTIONAl AREA OF BClT 
C OB:~OLT DIAMETER 
C DSB:DIAMETER OF SLOTTED BOLT HOL ~ 
C OBS=EOLT ItOLE O I AMETER 
C---->FOLLOW I NG DATA CARD IS REOUIR eD CNLY IF SERV I CEABILITY CRITER IA 
C IS TO BE INVESTIGATED. 

DATA I NOV/2/,NBV/ I / . NEV/4/. I S/I' 
C INDV =NUMBE~ OF BOLT ?ER ROW FOR TH E TEST CASE UNDER CONS IDERATION 
C NBV=P IT CH OF DOLTS FOR THE TEST UNDER COnSIDERATION 
C NEV=MOMEI\T ARM FOR THE TEST UNDER CONSIDERATION 
C IF 'I S ' = 2 . THEN THE ROWS OF BOLTS ARE NOT SYMMETR I CAL 
C 
C UN IT S = 151 FOR s i 
C = IMP FOR IM PER IAL 
C NOTE; DUE TO OHIGIIlAL NATURE OF THIS PROGRA~I . IF UNITS = l S I 
C THE I NTE~NAL COMPUTATIONS ARE DONE IN IMf> ER IAL UN I TS 
C ANO CONVERTED TO METRIC FOR PU~POSES OF OUTPUT 
C 

C 

UNITS=ISI 
Uti IT 5= I I~P 
IG=S 
10=6 

18 rlEAD II G.8001IJOBID 
19 000 1 FORHATI2CA4) 
20 \VR I TEI IC . 90011 JOlllD 
21 READ II G . 8002) NBI , ~t02 , U~tJ " SH .I S . i 
22 8002 FOr-MATIS I S ) 

C----> I F TH~ paws OF EOLTS ArlE SYMMETR I CAL THE DATA CARD CAN BE BLANK 
C I F SLOT T EO liDLES ARE useD . TIIEN LET ' ISH ' OE GREATER TliAN a 
C----> I F SFR'IICEABllITY REOUIREI4ENT 15 TO BE CIiECKEO,TltEN LET ISR= I 
C NB I ~~lU!IP.Erl OF OOLTS I N ROW 1 
C NO 2=I\'J;IOER OF 1l0L 1 5 11\ ROW 2 
C NOTE: nnw 2 IS THE ROW CLOSEST TO THE END OF THE UEAM 

, 
ex> 

"" , 



____________ _ - .- - - - -
23 

24 
25 
26 
27 
28 

29 
30 

31 
32 
33 
34 
35 

36 
37 

38 
39 
40 
" I 4 2 
43 
44 
45 
46 
47 

48 
49 
50 

51 
52 

53 
54 
55 
56 

57 
58 
59 
60 
61 
62 
63 
64 
65 

C 

C 

1002 
C 
C 
C 

8003 
C 
C 
C 
C 

C 
C 
C 

C 

C 

C 

C 

C 

125 

4 I 

LMa=LOCATION OF MISSING BOLT 
IF! ISR.EQ.t 1 WRITE! 10.900 2 1 

IFIIS.NE.2) GO TO 1002 
WRITE! 10 .90061 
IF!NBI.LT.NB21 WRIT EII O. 9004 1 NB2.NBI 
I F INBI.GT.NB2) WRITEIIO.90051 NBI.N02 
CONTINUE 

CAL CULATE TEAROUT LOAD 

READ (I G .e0031 ED . T . FUW.EV 
FORiI4 AT(4FI0.0) 
FO=l tOR I ZCNTAL END DISTANCE 
T=WEB THICK'~ESS 
FU~=ULTIMATE TENSILE STRENGTH OF WEB 
EV=VERTICAL END DISTANCE 
~'IRITE 1 10 . 9007 1 T.FUW.EO . EV 
DEB=OB 
IF! I SH . GT . 01 OO=DSB 
ALT=2 .0 *T+ (EO-!CO+I . O/8.0)/2.ol*o.e6+FUW 
ALTV=2.0*T*!EV-!DB+I.0/S.01/2.01.0 . 6S*FUW 
ALT=HOP.IZONTAL TEAROUT LOAD 
ALTV=VEnTIC~L TEAJ;OUT LOAO 

LFMAX=1500 
KODE=I 
KOOE=I FOR A32~ BOLTS 
IPT=2 
I PT =2 
If'T = 4 
IPT=S 
I PT=6 
I PT=O 
1)0 125 1 =1012 
ICRel' =o . 
CIII=O . 
CaN T I NUt:: 

NL = NU/0t3ER OF VERTICAL LINES 
NLM~X=4 
NLNAX= I 
NLI~AX=2 

NF = NUMBER OF FASTENERS IBOLTS ) 
NFMAX=I:? 
NFMAX=6 

NE = I\UM3ER OF MOMENT ARM VALUES 
tlE= I 2 
tlE=1 
tlE=4 
NE=6 

NB = ~U~OER OF DIFFERENT P IT CHES . B 
NB=5 
NE=4 
NB=I 
NB=2 
A= I . 0 
E!II=2 . 5 
DO 41 J=2.12 
E eJ) =E IJ-II+0 . 5 
CONTINUE 

}.~ l 1 

I 
00 
01 
I 



r _ -------- - - - - - -
66 
67 
68 

69 
70 
71 
72 
7 3 

7 4 
75 
76 
77 
78 
79 
80 

8 1 
82 
83 
84 
85 
86 
87 

88 
89 
90 
9 I 
92 
93 

94 
95 
96 
97 
90 
99 

100 
I 0 I 
102 

103 
104 
105 
1 06 

107 

108 
1 09 
1 I 0 
1 I I 
I 12 

C E ll) IN 5 1 ~ 7 5 .1 00 .1 25 .1 5 0.17 5 . 20 0, 225 . 25 0. 3 0 0 . 40 0. 50 0. 600 
C 
C SET EOUIVALENT IMPE RIA L ECCENTRICITI ES F OR METRI C VALU ES 

IFIUNIT S . EO.IMP) GO TO 110 
DO III I = I.NE 

111 E IIl =E II1* 25 ./25 . 4 
C SE T EQUIVALE NT I MPER I AL P IT CHES FOR ME TR I C VA LUES 

DO 112 1 = I,tI B 
11 28 (1) =BS III)/ 25 .4 
11 0 CONTI NUE 

10=6 
DO 10 14 NL= I. ~LM AX 

C LCO~ CVER NUMBER OF VERTICAL LINES 
C SET THE SP AC I NG . o . BETWEEN VERT I CAL LINES 

I F I UN I TS . EO .I S I) GO TO 120 
DII) =4 . 
D II) =3 . 
D ( 2 ) -= 4 . 
D( 3 ) =6 . 
IF I NL . LE . ~ ) D( 2 ) =6 . 
IF I NL . LE . 2 ) 0 ( 3)~1 2 . 

C SET EOUIVALENT HIP ER IAL GAUGES FOR SI VALU ES 
IFIUKITS . EO . IMPI GO TO 12 1 

120D II) =80 . 
D(2 ) =3~0 • 
I F I NL. r: O.3 1 ::> 11 1= 160. 
IFINL .~O . I\ I 0 11 1=2 40 . 
IFINL . EO . 4 ) 0 ( 2 ) =460 . 

121 CC"T I NUE 
C LCDI' OVER NUMBER OF HORIZONTAL SPACINGS 
C NO = NUM3ER OF HORIZCNTAL SPACINGS 

NO=3 
NO=2 
NO=I 
IF I NL . ~Q .l) NO= I 
DO 100 1 0= 1. 1'l0 
11 0 =0 11 0 ) 

C PRIrIT HEAD I NGS AT TOP OF A NEW PAGE 
OC=ol l o ) . 
~'IRITE II 0 . 60 1 ) 
I FINL . EO . I I GO TO 2 
I F I UN I TS . EO .I SI) I I I0 = IFIX I O I I0).25 . 4tO . 5) 
IF I UNITS . EO .I S I) WRITEII0 . 662 ) NL .I I I D 
IFIUNITS . EO .I MP) ~R I TEII0.602 1 NL . IIO 

2 CO~TINUr: 
I F I UN ITS . EO . I 5 I I .1 R I TE l 10 . 6 C 3 I I I • J = 75 • 250 • 25) • I J • J =3 0 0 . 600 • I 00 ) 
I F l U NI T S • EO . I HI') W R I T E I I 0 • 6 0 ~ ) I E I I I • I = I • 1 2 ) 

C LCOp eVEn PITCH. 9 
DO 200 l e= I. NO 
XOIM=O . 
DO 20 1 INIT= 10I 2 

201 XSTART I INITI =- O . O 
C LOOP OVER NUMB ER OF BOLTS 

DO 400 NF=I . NFMAX 
C •• •• ••••••••••• • • • ••••••••••••••• * ••••••••••••••••••••••••••••••••••••• 

I F I NF . EO .I. ANo . NL . EO .t1 GO TO 400 
DO J I J = I. ~L 
yo I M=O . 
DO 3 II= I. rv= 
IFI II .CO .I) GO TO 3 

- - - -

I 
co 
m 
I 



- - - - - - - - - - - - - - - - - -- -113 
1 I 'I 
115 
116 
117 
116 
119 
120 
121 
1 22 
1 2 3 
124 
1 25 
1 2 6 
127 
1 26 
1 29 
1 30 
13 1 
1 32 
1 33 
134 
135 
1 36 
137 
1 36 
1 39 
1 40 

1 4 1 
14 2 

14 3 
14 4 
14 5 
1 46 
14 7 
14 6 
1 49 

1 50 
1 5 1 
1 52 
1 53 

1 54 
1 55 
1 56 
1 57 
1 56 
159 
1 60 
1 61 
1 62 
1 63 
1 6 4 

1 65 
166 

yoIM: yoI 'UBI IB ) 
3 YlllolJ)= yo l M 

GO TO (11.l2.13.14. 99 .99.99).NL 
11 Xoll4 = O. 

00 2 0 11 = 1 .NF 
2 0 X"lol) =Xoll~ 

GO T O 1 5 
1 2 Xo lM=o llo) 

DO 2 1 11 =I , NF 
X III.II =O . 

2 1 X I I I . 2 ) = XO IH 
GO TO 1 5 

13 Xo ll4 =2 . 0 . o ll o 1 
DO 22 Il = I. NF 
XIlI.II =O . 
X I 11. 2 1= 01 WI 

22 X I I I . 3 ) = XO 1M 
GO T O 1 5 

1 4 Xo l l4=2 . 0.o ll o ) ~oC 
00 23 11 = 1 . NF 
X l l loll =O . 
X I I 1. 2 ) =0 11 0 1 
X III . 3 1=01 I O li :lC 

23 X I 11 , 4 1= xo m 
GO T O 1 5 

99 \II R IT E II 0 . 604 I 
S T OP 

I S CONT I NUE 
C CCMPUTE D I STANCE TO CENTiHOo c.~ DOLT GROUP 

CX=XoUI/2 . 0 
C Y= YO I II/2 . 0 

C COM~UTF. X & Y COQRolNATES ~RT CENTR I Oo 
DO 24 1 1 = 1 . NF 
DO 24 IJ = I. NL 
X I I I. I J I =X I I I • I J I-CX 
Y I I 1 • I J I = Y I I I , I J 1- C Y 

2 4 CON TI NUE 
I F I I PT . CO . 2 I WR I TEl 10 . 600 ) I I X I I • J ) • J = 1 • NL I • I Y I I , J ) • J = I • NL ) • I = 1 , NF I 
DO 300 I = I. NE . 

C I "C= I N:REMENT OF CHA'~GE OF I . C • • I"CHES 
C ALeNG THF. NEGATIVE X AXIS 

c 

6 1 2 
1 039 
1009 

C 

RI4AX=O . 
X I C=XSr.~RT (I I 
FACT= I. O 
INC = I. 0 

Loor eVER I . C. VALu es 
DO 30 K= I. LPM AX 
I "C= H ICf<FACT 
I F ( AB 5 ( I NC I • LE . 0 . 005 ) GO TO 50 
X I C=X I C-INC 
I F II • N E • NE V ) GO T 0 I 039 
I F I NF . NE .I NO V) GO TO 1039 
IF II B . NE . NAV ) GO TO 1 039 
IF (I PT . EO . 6 ) ~RITE I 6 . 612) XIC 
FORMATI ' OX I C= ·, E I O . 3 ) 
C("T I NUF. 
ceNT I NUE 

COMPUTE RAD I US 
o03 11 1= I, t1F 
DO 3 1 IJ= I. NL 

?:H 

I 
00 .... 
I 



- -167 
168 
169 
170 
17 I 

C 
17 2 
173 
174 
175 
176 

C 
C 
C 
C 
C 

177 
17 8 

C 
C 
C 
C 
C 
C 

1 79 
1 80 
18 I 
182 

C 
C 
C 
C 

183 
18 4 
185 
1 86 

C 
1 87 

C 
C 

1 88 
1 89 
1 9 0 
19 1 
192 
1 93 
19 4 
195 
19 6 
19 7 
198 
19 9 
2 0 0 
20 1 
202 
203 

C 
204 
205 
206 

-----------------R(II.IJ)=SORT«XIC- X(II.IJ)).t2*(0.0-Y(II.IJ)) •• 2 1 
IF(R (I I. IJ). GT.RMAX} RMAX=R( 11.1 J) 

31 CONTlNUE 

1007 

10 1 I 

1006 

1005 

IF(IPT.EO.3) WRITE(10.607)XIC. RMAX.«R(II.J).J= I.NL).II = I.NFI 
FTM=O. 

CCMPUT E DEFL ECTION & LOAD ON EACH BOLT 
RTV= O. 
DO 3e II = I.NF 
DO 35 IJ= I.NL 
DEF= R(II,IJ)/RM AXt DEL TA( KODE } 
F=RU(KOD E)t(I.-EXP I - DEF *MU( KODE I}).tLAM DA I KODE ) 

MAT ER IAL DEFORMATI ON L IMIT 

FBS= 3.0tT+ CBS t F UW 
IF( F . GT . FI3:J } F=FBB 

C ~ ECK ON BOLT TEA~OUT 

HOR I ZONT AL T E AROUT 

I F I 11.14E .I) GO T O 1007 
I F (IJ. NE . NL ) GO TO 1007 
I F I F . GT.ALT) F =AL T 
CONTI NUE 

VER TI CAL TE AR OUT 

I F (II. NE . NF ) GO TO 1 0 11 
I F I I J • I-IE • I) GO TO I 0 I I 
I F I F . GT. AL TV ) F=ALT V 
CON T HIVE 

I F ( I S .11 E . 2 ) GO T ~ .1 005 

UNSY MME TRICAL nows OF DOL TS 
I F ( NL . NE . 2 ) GO TO 1005 
IFI NF . NE . J } GO TO 1005 
I F I N:J I.LT.N32 ) GO T O 1006 
I F III.NE .L~ O } GO TO 1005 
I F II J . NE . ~ ) GO TO l OGS 
fl (II.IJ) =O . O 
F=O . O 
DEF=O . O 
::;0 TO 1005 
CON TI NUE 
I F lll.NS . LM(3 ) GO TO 1 005 
I F I IJ. ~ I E .l) GO TO 1005 
fl llloIJ) =O . O 
F=O . O 
DEF= O. O 
CONT 114UE 

F II = r= . RIII.IJ) 
I f I R llloIJ}. EO . O . O ) GO TO 42 
F V= ABS I XIC-X III.I J } ) /R I I I .I J )+ F 

S'H 10 

I 
ex> 
ex> 
I 



-------------------207 
208 
209 

C 
C 

GO TO 43 
42 FV=O .O 
43 IF !XIIJ,IJI.LT.XIC) FV=-FV 

210 IFII.N E .NEVI GO TO 1008 
211 IFINF,NE.INBVI GO TO 10 08 
212 [FII B .NE.NBVI GO TO 1008 
213 IF I [PT. EO .61 WRITE16,6111 OEF .F. FV 
214 611 FORMATIIX, ' OEF= '. El l. 3 ,· F= !,Ell.J.' fV= ', E ll.31 
215 1008 CONT[NUE 

216 
217 
218 

2 19 
220 
22 1 
222 
223 
22 4 
225 
226 
227 
228 
229 
2JO 
23 1 
2]2 
23] 
2]4 
235 
236 

C 
C 

R T V=RTV+FV 
FTM= FnHFt~ 

]5 CONT INU E 
C P M = FORCE DUE TO NCME NT 

c 

P ~=FTM/ I E ([I- X I C I 
ERR=RTV-FM 
I F (A~S(ERR/PM) .L E .O. OOS I GO TO 50 
I F I ERR .GT.O.O) GO TO ]6 
I F I HlC.LT .0.0) GO TO 37 
GO TO 36 

]6 IF II NC .LT.O.OI GO TO 38 
]7 FACT:-0.5 

GG TO 30 
]8 FACT=I.O 

I F I I • N E • NE V I GO TO 30 
IF(NF.NE.lN!lVI GO TO 30 
IFIIB.NE . NBVI GO TO 30 
IFIIPT . EO . 'II IVRITF.110,c08) DEF . F , FM , Fv , nTV ,FT~"PM,K. X I C 

30 CCNTINUE 
\1 R I T E ( I D , 6 10) NL , NF , E I I I , D ( I D I , 01 I til 

50 CCNTINUE 
IC H II I = ABS I X I CI 

C CALCULATE DEFLECTION AT CGLUMN FACE 
237 IFIISR.NE.ll GO TO 1 034 
238 I F I I • Nt: • NE V I GO T 0: I 0 J 4 
239 I F I NF . W: • I NB V I GO TO 1034 
240 IFIIB.NE.NBVJ GO TO 10]4 
241 OCF=DELTAIKODE I*I EI Il -X [CI/RMAX 
242 RMAXR=RMAX 
2 43 OflR=DELT AI KaDEl 
244 RlR=EIII-X IC 
245 XICR=XIC 
246 1034 CONTINUE 

C 
247 GO TO 1 5 1, :21 , KODE 

C ~E0UCE FROM ]/4-INCH A]25 DOLT TQ COFFFICENT C FOR TABLES 
248 51 C( 11= 1'/1/ 1 RU( 11*11. -EXP ( -OEL TII.( II*MU( IIII* *LAMOII. ( III 
249 GO TO 55 

C REDUCE FROM 11.490 BOLT TO CII I 
250 :2 CII I = 1'101/ 1 0.60 * 2 . 0*0 . 0000*150 .1 
251 55 CONTINUE 
252 XSTART II)= XIC 
253 IF I XIC .LT.I.oI XSTARTIII = O.1l 
254 60 CONTINUE 
255 CALL S IGFIGICII),CIII,lRI 
256 ]00 CONTINUE 

• 

__ .. ',1t,' e\.. 

, 
00 

'" , 



- --
257 
258 

C 

259 1 5 0 
260 

- - -PRINT RESULTS 
ANF= NF 
DO 1 5 0 ICL=I.t31 

- - -
LINE I I CL ) = BLANK 
IFI NL . E O.I.AND.N F . EO .I) GO T O 4 00 

- - - - -
261 
26 2 
263 

I F ( NF . E O.6 .AND.UN ITS . EO .I S I) C ALL OUTL I N I L I NE . BS I(I B ). 6 . 0 1 
IFI NF . F.O. 6 .A ND . UN IT S . EO .IM P ) CA L L OU T L I N I L I NE , B II B I, 5 , O l 
C ALL OUTLI~ILIN E ,A NF,1 3 . 0 ) 

264 
265 
266 
2 67 

C 

I P= 1 3 
DO 1 5 1 I = I,N E 
I F= I P+6 
C II LL OUTLlhlLIN E , C II) oI P . 2 ) 

26 8 I F I HI . ~Il:: .NBVI GO T O 1 00 1 
2 6 9 I F I NF . NE .INB V) GO TO 1 0 01 
27 0 I F II. NE . NE V) GO T O 100 1 
2 71 CC M=C I II 
272 1 00 1 CON TI NUE 

C 
lE I CGNT I HUE 

CALL 0IJTL I N I L I NE , ANF.~2 , O I 

-

2 7 3 
274 
275 
276 
277 
278 
279 
280 
28 1 
282 
2!l3 

I F I NF.CO . 6 .AND . UNITS . EO . IS II CALL DUTL I N I LINE . BS III UloIOO.O ) 
IFINF . EO . 6 . AND . UNITS . EO .I MP ) CALL DUTLINILINE . OI I B I .99 . 0 1 
~R I TEI I O . 505 ) LINE 

C 

I F I I PT . C C . 51 ~IR IT E ( 10 . 51) ') I I C R 
400 CON T INUE 

\~R I TE( 1 0 . 606 ) 
200 CCNT 1 :'IUE 
100 CONT I IIUE 

1 0 1 4 CG~T I NU:: 

284 IFI I SR . NE .I) GO TO 1 035 
285 WR I TE (1 0 . 900d l JOBID.DCF 
286 W~ I T2 (1 0 . 9009 ) RMAXR . OnR . nLR . XICR 
207 1 035 CCNT I NUE 

C 
208 WR I TE ( 10 . 9G03 ) 
289 STOP 
290 600 FOr-MIlT I 'oI 0X . SFio.2 1 
29 1 60 1 rORIIAT I II~- . 70X . ' ECCENTR I C LOADS ON BOLT GROUPS · /OoX . ·COEFFIC I ENTS 

I C ' ) 
292 602 FORHATIIHO ol 2 .' VERTICAL LINES AT A SPACING. 0 OF '01 2 .' I NCHES ' 

I ) 
293 603 FCr.~IIT (I HO .I X .· PITCH '. 4X .' NO .'. 7oX .· NO .'. 3X .· P I TCH ' / 

1 IH . 3X . ' 8 ' . 6X . ' OF ' . 2 1 X ,' t-1.JMENT A~M . E . I NCHES ' .36X . ' OF ' . t.X, 
2: ' a ' / IH . lX ,'J I\CHFS ', 2X .' OOL l S ', JX , F3 .1. 1 1 (· 2X , F4.1 ) .3X ,' BOLTS ', 
3 2X . ' INCHES ' / ) 

294 604 FOR II AT(IHO . // .I OX . · •••• ADD NE~I STATENENTS FOR BuLT ':;ROUPS wiTH '. 
I ' MORE T:tAN FOuR 14 1 VERTICAL L I NES 'I 

295 605 FOill~A Tl IH ,[ 3 I AI) 
296 606FOr.II~T ( IH ) 
297 6C7 FORMAT I' O' d OX . 2F I 0 . 2/ ' •• 4F I 0 . 2 ) 
290 608 FOflMAT I' o ' .7 F I !l . 2 .J I J . F I 0 . 2 1 
299 609 FCr-MAT I' '.I 5X .1 21'6 . 21 
3 0 0 6 1 0 FOIiMAT I' O'.' 5$ I TCRATION FA I LS FOn 'ol 3 .' LINES OF ',1 3 . BOLT S '. 

I ' :..I I TIt E OF ' . F4 . 0 .· D= '. F4 . 0 ,' B= '. F 4. 0 ) 
30 1 662 FCr.MAT(I HO.1 2 ,' VERT I CAL L I NES AT A SPAC I NG , 0 OF '.1 3 .' MM ') 
302 663 FOIHt AT (I HO ,I X .' P I TCH ' . 4X .' NO .', 7oX .' ~C .', 3X .' P I TCI1 · / 

1 lit , 3X ,' O', 5X, ' OF ', 2 1 X ,' MOMENT ARM . E . Mt-4 ', 30X ,' OF ', 6X , 
2 • 0 ' / 1 H .1 X • • ..n·t ', 2 X , • B CL T 5 • • JY. , I 2 • 1 1 ( 3X . 1 J ) . 3 X •• BOL T s · . 2 X • 

- - - -: i 

I 
\0 
o , 
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303 
304 
305 
306 

307 

308 

309 

310 

31 I 

312 

313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 

336 
C 
C 
C 
C 
C 
C 
C 
C 

337 
338 

C 
339 

C 
340 

3' MM • / ) 
900 I FORI~AT ( , I' .20A4) 
9002 FORMAT(' ',' SERVICEABILITY ~EaUIREMENT LOADS .) 
9003 FORMAT (' I' " END OF OUTPUT .) 
9004 FORI4AT(' ',' FOR THE CASE wHERE THE NUMBER OF BOLTS = '.13,'.', 

I ' THE FIRST ROW OF BOLTS HAS ONLY' ,13.' BOLTS.') 
9005 FORMAT(' ',' FOR T~lE CASE Wt-ERE THE NUMBER OF BOLTS = ',13,'.', 

1 ' THE SECOND ROW OF BOLTS HAS ONLY ',13.' BOLTS.') 
9006 FC~MAT(' '.' THE SECOND ROW OF BOLTS IS THE ONE CLOSEST TO THE 

l END OF THE BEAM ') 
9007 FOl'MATI' ',' \'IEB THICKNESS = ' , F6 .4.· INCHES'. 

I • ULTIMATE TENSILE STRESS =',F6.2.' KSI'/ 
I • ',' HORIZONTAL END DISTANCE : ' ,F6.2.' INCHES '/ 
t ' ',' VERTICAL END DISTANCE =1 ,F6.2,' INCrlES'/) 

9008 FORMAT(I-' ,20A4/ 
I ' I,' DEFLECTION AT COLUMN FACE :'.F7.3) 

9009 FC~MAT (lO' ,'RADIUS .: ' .F9.3,' BOLT DEFLECTION =',F7.3/ 
I ' '.'HDRIZ. DIST. TO FACE OF COLUMN -= ',F9.3/ 
I • " ' DIS T. TO I. C. ='. F9. 3) 

END 

s uaRCUTINr. SIGFIG(C.O.IERRI 
A = C 
IERR =0 
IFIC.LE.O.O) GO TO 99 
J -= 0 

10 IFIA - 100.0) 20 . 50.30 
20 J = J-I 

A ~ A*IO.O 
GO TO 10 

30 IF(A - 1000.0) 50.40,40 
40 J = J+ I 

A = A/ I () .0 
GO TO 30 

50 H -= FLOAT( IFIX(A» 
I FIA-H.GT .0. 51 1-1 =H+I.O 
IFIA - H-0.5) 70.60.70 

60 IF I FLOAT( IFIX(H/2.01 H2 . 0.NE .III H=I-1+1 . 0 
70 B = H*IO .O **J . 

GO TC -)0 
99 IFIC.EO.O.OI B -= 0.0 
90 CONTINUE 

RETURN 
END 

5UllRO UTIN= OUTLINILltIE.RNUII.IP05.MAXD) 
MU ST CALL S/R SIGFIG 3 EFORE USE 
Fon' IS A LINE OF OUTPUT WhERE: 

LIN~=ARRAY OF CHAR . ( LE . 1 31) 
RI\Uf4-=NUM8ER TO OE ADDEO 
IF05 =POSITION IN LII~E OF 

DLN00020 
OLN00030 
OLN00040 
OLN00050 
OLN00060 
OLN00070 
OLNoooeo DECIMAL POINT 

MAXD=N UMBER OF FIGURES AFTER DEC . OLN00090 
IM ?C RIAL VERSION 

I NT E GEPo LINE I 13 I ) • I NUI4 I I I ) • I 0 I I 2 ) 
DATA 1 .)/'1','2','3 1 ,'4','5','6','7','8','9','0',' .•••. / 

SKI~ ZERO NUMDERS 
IF(RNU -I. EO .0.01 GO TO 50 

Ct-ECK S IZ E OF NUNOER 
I FIRNU: I. GT .1 0 . **7.0R .M AXD . GT . 3) GO TO 8ad 

OLNOOIOO 
OLNOO IIO 
OLNOOl20 
OUI00 130 
OLNOOl40 
OLNOOl50 

-o -{ FL 

, 
<D 
~ 

I 



-------------------341 
342 
343 
344 

345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 

368 

369 
370 
371 

372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
362 
303 

364 
385 
386 
387 
388 
369 
390 
391 
392 

IFIIPOS.LE.0.OR.IPOS.GT.131) GO TO 999 
INT=RNUM+O .S*IO.*.(-MAXD) 
IF(MAXD.EO.O) INT=RNUM ~0.5 
IF RAC= (n NUM. I 0 ••• t~AXD-FLOA T( INT) . I O ••• MAXD) +0.5 

C ALPHA - lZE INT AN D IFRAC AND PUT IN INUM 
DO S J = I .1 I 

5 INUMIJ)=IDC1I) 
DO 3 JJ=I.7 
IFIINT.LTd IO •• (7-JJJIIGO TO 2 
I DIGIT=MOD IINT.IO**16-JJ »/10 •• 17-JJ) 
IFIIDIGIT.EO.O) IDIGIT= IO 
I NUt' IJJ) =1 01 101 GIT) 
GO TO 3 

2 I~UMIJJJ=IOIII) 
3 CONTINUE 

I NU~I I e) = 10 I I 2 ) 
IFIIFnAC.LT.O) GO TO 6 

7 CON T nlllE 
I C=:,IA XD 
ICPI=I3+1 
IFIIO. EO . O) GO TO 6 
:)0 I. J J = I • I Q 
I DIG IT = 1100 I I F flA C • I 0 * * ( 101' 1- J J ) J / 1 o. * I I 0- J J I 
IFIIDI GIT. EO .o) IDIGIT= llI 
INUHIJJ+61=1~IIQIGIT) 
IFIMAXD.EO.JJI GO TO 6 

'+ CONTINUE 
6 CONTII~UE I 

C FIND FIRST NON-ZERO CHARACTER 
DO 10 1 ~ 1"1 

C DO 10 J=I.12 
I F (I NUt.\( Il .tlE. 101 II II GO TO 15 

10 CONTINUE 
IS ISIZE=I 

C I S IZE REPRESENTS THE S I~ E OF ThE NUMBER 
C FILL IN THE INT EGER PORTION OF THE NUMOER.lr ANY.IN LINE ARRAY 

IFIISIZE.GE.S) GO TO 20 
IFIISI ZE .LE.SI GO TO 21 
L INEI IPOSI=INU~1( 6) : 

21 K=9 
11=0 

22 K=K-I 
IFIK.LT.ISIZEI GO TO 20 
IP=IPOS-16-K)-IT 
L IN EIIP)=INUM(KI 
IFIK.EO.5.0n.K.Eo.2) GO TO 23 
':;0 TO 22 

23 CONTINUE 
C PULL NEXT FORTRAN CARLl 'GO TO 22 ' IF SI METRIC STYLE OUTPUT 
C IS REOUIRED AS BLOCK OF CODE WILL PUT A BLANK BETWEEN 1000 L 
C lao DIGITS AND OEHIEEN 1.000.000 L 100.000 DIGITS 

'jO TO ~2 
24 CON T INIJ E 

LINEI 11'- 1) = 10111) 
I 1 = I Ti-l 
GO TO 22 

20 IFIISIZE.LE.5) GO TO 30 
LINE ( I PO S) = I NUM I 6) 
L INEIIPOSi-I)=INUM(9) 
IFIISIZE.EO.6) GO TO 30 

OLNOOl60 
oLN00170 
oLN00160 
oLNOOl90 
oLN00200 
OLN00210 
OLN00220 
oLN00230 
oLN00240 
OLN002S0 
OLN00260 
OLN00270 
OLN00260 
OLN00290 
OLN00300 
OLN00310 
OLN00320 
OLN003JO 
OLN0034 
OLN00350 
OLN00360 
OLN00370 
OLN003t10 
OLN00390 
OLNOO'+OO 
OLN00410 
OLN00420 
OLN00430 
OLN00440 
OLN004:30 
OUI00460 
OLN00470 
OLN00460 
OLN00490 
OLNOOSOO 
OLN00510 
OLNOOS20 
OLN00530 
OLN00540 
OLN01l550 
OLN00560 
OLN00570 
OLNOOSdO 
OLN00590 
OLN00600 
OLN00610 
OLN00620 
OLN00630 
oLN00640 
OLNOOu50 
OLN006uO 
OLN006 70 
OLN006dO 
OLN00690 
OLN00700 
OLNOO:IO 
OLN00720 
OLN00730 
OLN00740 
OLN00750 

~., \-... r t ,-.• 
u 0, ~_ 1." t. 

I 

'" N 
I 



---------~---------393 
394 
395 
396 
397 
398 
399 
400 

401 
402 
403 
404 
405 
406 

•• WARNING** 

LINE(IPOS.21=INUM(101 
IFIISIZE.EO.7) GO TO 30 
LINE(IPOSt31=INUM(11 I 

30 CONTINUE 
IFOIAXD.EO.OI LINE( IPOSI = IO( III 
RETURN 

888 WRITE(6.6011 RNUM.MAXD 

, 

601 FORMATIIHO. IOX.FI 5 .4.· OR MAXD •• 14.' EXCEEDS CAPACITY OF S/R 
.L IN' I 

nETUI'N 
999 WnJTE(6,~001 RNUM 
600 FORI4AT('O'.IOX,'LINE LENGTH FOR'.F1I.4.' IN CORRECT ') 

SO CONT INUE 
RETUI'N 
END 

OLN00760 
OLN00770 
OLN00780 
OLN00790 
OLN00800 
OLN00810 
OLN00820 

OUTOLN00830 
OLN00840 
OLN00850 
OLN00860 
OLN00670 
OLN00860 
OLN00890 

UNREFERENCED STATEMENT 24 LSED IN LINE 386 FO ... LmIS A TRANSFER 

$DATA 

It 

I 

'" W 
I 
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II 
II 
II 
II 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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APPENDIX B 

COf1PUTER PROGRAM FOR MOMENT 
MODEL DESIGN PROCEDURE 



-------------------* ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ~ •••••••• 
• WATFIV VER I LEVS. MoNIToR.VERSIoN 3C , 
• H WILSON 
• MONDAY AU GUST 16.1960. S:17 PM , ................•............ ~ ......•.........•..•............................ , 

$J06\11 

2 

3 

10= ' 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

H WI LSCN •• T=3 

0.1 VARIA 6LE AN~ ARRAY SPEC IFICATI ONS 

D=BoLT DI AMETER 
T="EB THICKNESS 
OY=YIELD S TRENGTH 0 
OU=ULTIMATE TENSILE 
N=NUMBFR OF Ro~IS OF 
G=GAGE 
OP=BOLT PITCII 
P=P I TCII 

BEMI 
STn ENG TH 
BOL TS 

OF BEAM 

NLS=NUMBER OF CONNeCT I ONS TO BE ANALYZED 
DEC=DI~TA~ICE FROM CENTERL INE OF RHS BOL T TO OUTS I DE EDGE OF 

CL IP ANGLE 
WS=WIDT'1 OF SLOT 
LS=LENGTH CF SLOT 

REAL NLI.NL2.LI.L2.MOII.~IBI2.MO I.M02 ,'~VS 2 . MB . LS .M 03 
I . 'ITL I 

DIMENS I CN M( 2 1. UP ( 2 J. JOO I D(20J 
C---- >CLIP AliGLE ECCENTRIC I TY OF 2.S INChE S AND ULTIMATE TENSILE 
C STRENGTH OF BOLT MATERIAL OF 120 . 0 K5 1 ARE GiV EN IN DATA 
C STATEMENT ; 

DATA DECIZ . SI 
C 
C 0 . 2 ASSIGN I NPUTIOUTPUT UN IT NUMOERS 
C 

4 I GET -= S 
S J PUT=6 

C 
C I. INPUT AtlD PRINT CON NECTION DATA 
C 

6 REA:> IIGET . 91 04) NLS 
7 9 104 FOR~I AT(ISI 
B WR I TEIIPUT . 6104) NLS 
<) 6 I 04 FOR~IAT I' '.' NU~IBER OF TES T CASES -= ' • 14) 

10 00 102 IJ= I.NLS 
II nE AD ( I GeT . <) I 03 ) J CB 10 
12 9 10 3 FORMAT I ZO A4) 
13 WRITEIIPUT.6100) JODIO 
14 6 100 FORMAT I'I' . 20X .· P~OGRAM FOR EVALUAT I CN OF ULTIMATE SHEAR WHEN ' I 

I •• 20X •• TGP FLAIIGE IS COPED ' //1 
I • '.20A4//// 
I • 0 ' .' CONNCCTION DATA ' J 

C--->IF 50LT HOLES ARE SLoTTED . PLACE A BLANK CARD AFTER HIE DATA 
C CARD C1NTA I NI NG ' JOB1D '. 

I S REAC((~CT.91001 D.T. OY . OU . N. G.I FLAG 
1 6 9 10 0 FOfiMAT I/IFIO. O.l S .FlO. O.I S ) 

C---->IF I FLAG=O • THE TOP FLANGE I S COPED .I F IFLAG= I . THE TOP FLANGE 
C I S NOT COPED . 

17 IFIN.EO.O) GO TO 120 
16 WRITEIIPUT.6101) O. T . m'C . OY . au . N. G 

• 
'" <.n 
I 



- - - - - - - - - - - - - - - - - ---19 

20 
21 
22 

23 
2 4 
25 

26 
2 7 

28 

29 
30 
3 1 
32 

33 
34 
35 
36 
37 
38 

39 
40 
4 I 
4 2 
43 
44 
45 

46 
47 

8101 FORMAT(.O','OIAMET E R OF BOLTS ; '.FB.4,IX,'INCH'/ 
I ' ','THICKNESS OF WEB ; ',FB.4t1X,'INCH'/ 
I ' ','CLIP ANGLE EC CENTRICITY = ',F6.4,IX,'1NC HES'/ 
I ' ,,' YIELD 5TRE~IGTH OF WEB ; ' ,F6.3, I X, 'KSI '/ 
I ','ULTIMATE T ENS ILE STRENGTH OF WEB = .,F6.3,IX,'KSI'/ 
1 • ','NUMB E R OF ROWS OF BOLTS = ',14/ 
I ' " GAG E ; ' ,F 8.4 ) 

I S; O 
GO TO 104 

120 C O NT INUE 
C SLOTT E D HOLES US ED IN CONNECTION 

[ 5; 1 
READIIGET,9200) D,WS,LS,T,uy,aU,N,G,lFLAG 

9200 FORIIAT(6FI0 .0 .I 5 ,FI 0.0,15) 
C---) I F I FLJ\G;O , lllE TOP FLANGE I S COPED 01 F lFLAG; I , THE TOP FLANGE 
C IS NOT COPE D. 

WRIT E ([PUT,0200) D,aUB,WS,LS,T,DEc,oy,au.N,G 
8200 FOR MAl ( , 0' " SLOTTED BOLT HOLES' / 

I ' ','OIAI~ E T ER OF BOLTS = ' , F6 .4t1X,' INCH '/ 
I ',' ULTI~'ATE TENSILE 5TRENGTH OF DOLTS = ' .F6 .4.I X , ' KSI ' / 
I ','1i1DTH OF SLOTS = ', FB , 4 .1 X ,'I NCt P / 
I ',' LENGTH OF SLOTS = ',FB.4 ,I X ,'INCH'/ 
I ','THI CKNESS OF \~EB = ', F8;4 .1X,'INCH '/ 
I '.· CL IP ANGL E EC CEN TRICITY = ' , Ft1 . 4 .1 X ,'I NCHES ' / 
I ',' YIELD STRENG T H OF WEB .: ' .F8.3,1X, ' KSI ' / 
I ',' ULT IMAT E TENS I LE STRENGTH OF \'IEB : ', Fd . 3 01 X ,' KSI '/ 
I ',' NUl t aEI< OF ,10viS OF BOL T S = ' 01 4/ 
I ' ',' GAG E = ' ,F B . 4 ) 

104 CONT INU E 
C----) I NPUT Han, zorH AL EtlD 0 1S T ANC E MEASURED FROM CENTERL I NE OF BOLT TO 
C EDGE or ~ ::O ,( I. E . ' EH ' I. AND VERTICAL END D I STANCE MEAS URED FROM 
C CENTErtLIN~ OF BOLT TO COPE .! I. E . ' EV 'I. 

READ (l G~T . 9 101) EH , EV 
9 1 0 1 FORMAT I 2FI0.0) 

'.oIRITEIIPUT,6102) EH . EV 
8 10 2 FORMAT I' - ' ,'HOR I ZON TAL END D I STANCE ; ' . FO . 4 ,I X, 'I NCHES ' / 

I ' ','V ER TI CAL END DIS TA NCE = ',FI0.4.1 X ,'I NCHES '1 
C----) IN PUT NUMnER OF BOL TS PER RDW AND ThE IR PITCH 

DD I OII = I,N . 
REAC (I GET ,91 02) Mil), BPII ) 

9 1 02 FC~MAT I1 5 , F I 0 . 0) 
WR IT E IIPur, 3 103) I,/H I I , B,.,( I) 

8103 FDfHII\TI'O','NU~\ OEn OF BOLTS I N RO\-/ ', 13,' ; ',13, 2X ,' P IT CH ; ', F6 , 'I! 
101 CONTINUE 

C----)CALCUL AT E TOTAL V ER TICAL LENGTH OF ThE MODEL ,' L2 ', 
C NET VERT I CAL LENGTH , ' NL:! ' , 
C TOTAL HORIZONTAL L ENG T H, ' LI ', 
C NET Hon l ZONTAL L ENGTH, ' NL I'. 

C 
C 

C 

I F (I S . EO .I) ~O TO 121 
C I =D 'I.0/3,O 
C2= !)/:? . O i1 . 0/ 16 . 0 
L2;EV' I M( N ) - II*OP(NI 
NL2=L2-/~ It/HCI ~C2 
L I =E Ht- I N-1 H'G 
NL l = L I -N.C HC2 

CALCULAT I CN Of VERT . AND HORIZ , FOnCES ON MODEL 
HS I =0 . 66 .~U*NLI*T 
TSI =C U*LI*T 
VS2 = V- T51 

I 

'" '" , 

" 
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49 

50 

51 
52 
53 
54 
55 
56 
57 
56 

59 
60 

61 
62 

63 

64 
65 

66 

67 
66 
69 
70 

71 
72 

C 
121 

C 

C 
C 

C 

103 
C 

C 

VC2=(QV*T+L2-HSI )/( (1.5+QV*T)+l0.5*aU+Tl) 
GO TO 103 

CONTINUE 
SLOTTED HOLES 
Cl=IIIS+I.0/6.0 
C2=CI/2.0 
CJ.~LS+I.0/8.0 
L2=EV+(M(N)-ll*BP(N) 
NL2=L2-M(N)*CltC2 
L I=EHt (N-I )*G 
NLI =LI -C2- C3+IN-I) 
NTL I =NL I +C 2.N 

CALCULATIO~ OF VERTICAL AND HORIZONTAL FORCES ON MODEL 
HSI = 0.66*aU.NLI+T 
TS1=OU<I<NTLI*T 
VS2= V-TSI 
VC2=(OV*T*L2-HSI)/111.5.0V.T)tI0.5.0U*T» 
CONT INUE 

IF ( IFLAG . Eo . 0 I GO TO 105 

C TOP FLANGE NOT COPED 

C 

HS3=0.66+0V*L I*T 
YC2=(OV*L2+T-HSIIHS31/((1.5+av+T).(0.5*OU*T» 

10 5 CaNT INUE 
C 
C 2. CA LCULATION OF RESISTANCE MCMENT ALONG VERTICAL EOGE OF 
C I NODEL, (J.E.'~1EI2 ' I,DUE TO YIELOING OF THE IIIEB 
C 
C---->INPUT HORIZONTAL ECCENTR ICITV.'XC',=OI STANCE FROM END OF CLIP 
C ANGLE TO CENTROID OF DOLT GROUP. AND VERTICAL ECCENTRICITV, 
C 'VC' , =D ISTANCE FRCM CENTERLI~E OF LOWEST BQLT HOLE TO CENTROIO 
C OF BOLT GRGUP. 

C 

XC=O.O 
VC=V CZ 
WRITE(IPUT,82011 X~,VC 

6201 FORMATI'O','XC =',r-8.401X,·I~CH',5X,'VC = ', F6 .401 X,'INCH '//// 
I ' ',' SOLUTION' I 

P=ElF(NI • 
MB2=OV.T*(VCI**2.0/Z.0+0V*T*(L2-VCI**2.0/Z.0 

I to.5*(OU-OVI*T*YC*0.6667*VC 

C 3. CALCULA TI ON OF TQTAL RES ISTA NCE MOMENT,'MO'. 
C 
C CALCUL ATE ~OMENT ALONG HORIZ. SIDE OF MODEL,'MBI' 

73 ~'B I I =HS I .YC 
74 IF(IS.r:O.IIGOT0301 
75 HBI2=QU+T+(LIH*Z.O/Z.O 
76 GO TO ~02 
77 301 CONT INUE 

C SLOT TE~ HOLES 
78 IF (N .L r. 2 I GO TO 303 
79 ~IBIZ=( Ell 1* H'OU* (L I -EH/2 .0 I 

I t(N-II*(G-C3tC21**2.0*T*aU*0.5 
60 GO TG 302 
6 1 30J CON THlUE 
62 ~IBI2=(CHI.T.aU*(LI-EII/2.01 

'f •• : ~ 0 

I 
\0 .... 
I 



- - - - - - - - - - - - - -83 302 CONTINUE 
84 MBI=NBll +MBI2 
85 ~lB3=0. 0 

C 
06 IFIIFLAG.EO.O) GO TO 304 

C 
C TOP FLANGE NOT COPED 
C--->CALCULATE RESISTANCE t~oNENT DUE TO HORIZONTAL FORCE ALONG 
C SIDE 3 • I .. E. • • MB3 '. 

87 MBJ=HS3+ (L2-YC) 
88 304 CONTINUE 

C 
C CALCULATE TOTAL RESISTANCE MCMENT = 'MB'. 

89 MB=MBI+MC2tMB3 
90 ARM=G +D~C 

C 
C 
C 

4. CALCULATE ULTIMAT E SHEAR RESISTANCE 

91 V=M9/Antl 
C---->CHECK THAT VS2 DOES NOT ~XCEED THE wEB SHEAR CAPACITY ALONG 
C THE VEnTICAL FACE OF THE MODEL 

92 VS2=V- TSI 
C 5hEAR CAPACITY OF MODEL: ' VSM2 , 

93 VSM2=0.66+0U+T+NL2 
C 
C---->ULTIMATE SHEAR RESISTANCE IS LIMITED BY THE SHEAR CAPACITY 

94 

95 
96 

97 
98 
99 

100 
I 0 I 
10 2 
10) 

C OF THE WEB OF THE HODEL 
C 
C---->CALCULATE MAXIMUM VERTICAL S~EAR WhiCH CAN BE TRANSMITTED 
C BY aOLTS ALONG SIDE 2 • I.E. ' VSB2 ' 
C 
C FASTENER TEAROUT LOAD FOR BOL T NEAREST COPE 

FTL=2 .o+T*I E V-C2 1*0. 66*OU 
C ~IAX I MU~1 BE An I NG FOR WEB , ' CB ' • 
C---->IN ORDER TO LIMIT DEFORMATION OF l~ E HOLE • 
C RATIO OO/OU SHOULD NOT EXCEED 3.0 • 

C 

C 

on=) .O+T*D*OU 
IFI FTL . GT .aO) FTL=OB 
TOTAL IIi\XINUM SHEAR, • VSB2 • 
VS02=FTL+IMINI-II*QB 
IFIN.LT.21 GO TO 40S 
V5!l2= V502+FTL+(M( I )-1 ,*OB 

405 CONT INUE 
IFIV S2 . ~T .V SM2 1 GO TO 404 
/FIv.LT.~SB21 GO TO 401 

404 CONTINUE 

• ' FTL ' 

THE BEARING 

104 '.ml TE I 1 PUT ,!:l403 I VSM2 . TSI • VSB2 

-

10 5 8403 FORt~ATI ' - ','ULT/MAT E SHEAR RES/STANCE IS LIM/TED BY TH E \rIEB '/ 
I • ',' SHEAR CAPACITY OF THE MODEL '// 
1 ' •• :lX.' V5t-42' . 5X . '1 5 1' . 5X .· \1582' // 
1 • •• 3F8.2) 

C CCMPAR~ , ~SU 2 ' TO • VSM2 ' 
106 IFlv sn::! .LT,(V5t~2+TS I» GO TO 403 
107 V=VSN2+T SI 
108 GO TO 402 
109 403 CONT HIllE 
110 WRITE(IPLT,84041 
111 8404 FORIIAT I'o','OEARING FAILUR~ LIMITS VERTICAL SHEAR ') 
112 V=VSB2 

- - -. -StU 

I 
<D 
co 
I 



- - - ------- ---------113 GO TO 402 
114 40 ~ CONT INUE 
115 WRITEIIPUT,6301) MB11,MBI2,MB1,MB2,M63,MB,TSI 
116 B301 FORMAT I , - , .3X.IMBll ',4X,'MBI2' ,4X,'MB1' ,5X.'MB2',5X 

I ,'MB3',5X,'MB',6X,'TSI'// 
1 , ',7F8.2) 

117 402 CONTINUE 
116 WRITEIIPUT,64011 V 
119 6401 FO~MAT I' -', 'ULTIMAT E SHEAR RESISTANCE = ', F6.2) 
120 102 CONTINUE 
121 WRITEIIPUT,6402) JOSIO 
122 6402 FORMAT!' 1'.' END OF OUTPUT FOR' ,20A41 
123 STOP 
124 END 

SDATA 
NUMBER OF TEST CASES = 1 

• 

, 
'" '" , 
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APPENDIX C 

CONTRIBUTION FROM MOMENT CAPACITY 
OF BEAM FLANGE TO MOMENT MODEL; 
UNIVERSITY OF TEXAS TESTS 

• 
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Calculate moment capacity of the flange of the W18x60 used in 

Test 18-13. 

W18x60 b = width of flange = 7.5 in. 

t = thickness of flange - 0.684 in. 

w = thickness of web = 0.440 in. 

k = distance from outer face of flange to web 

toe of fi 11 et of roll ed shape = 1.188 in. 

Find plastic section modulus of flange plus portion of the web 

included in the "k" distance, (see Figure 11). First locate the 

neutral axis. 

gi ve: 

7.5in.(y) = 0.44 in. (1 .188 in. - 0.684 in. ) 

+ 7.5 in (0.684 in. - y) 

solving for "yU gives: y = 0.357 in. 

where: y = distance from outer face of flange to neutral axis 

of section being considered. 

Secondly, taking moment of areas about the neutral axis will 

Z = (7.5 in. x 0.357 in.) 0.179 in. ~ (7.5 in. x 0.327 in.) 

x 0.164 in + 0.44 in. (1.188 in. - 0.684 in.) 0.579 in. 

Z = 1.01 in3 

where Z = plastic section modulus 

M = FyZ 

M = 38.5 ksi x 1.01 in3 = 38.9 kips in 

Flange contribution to moment resistance = 38.9 kip in. 
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• 

Web contribution to moment resistance = 882. ki p in. (from 

"Moment" model, pp. 103) 

Flange contribution is only 4.4% of the web contribution and 

therefore it has been neglected. 



-------------------PROGRAM FOR EVAL UATION OF ULTIMAT E S~IE AR "'HE N ')\;1;;' F"-' 
TOP FLA~GE IS COPED 

TEST NUMBE R 16- 13 UNCOFE D FLANGE 

CONNEC TI ON DAT A 

DIAM ET ER OF BOLT S = 0 . 7500 I NCH 
THI CK NESS OF WEB = 0 . 4390 I NCH 
CL I P ANGLE ECCEN TRI CI TY = 2 . 5000 INCHES 
YI ELD STRF.NG TH OF WEB = 36 .00 0 KSI 
UL TI~tATE TENS I LE STR EtlGTH OF WEB = 50 . 000 KSI 
NUM BER OF RO wS OF BOLTS = 2 
GAGE = 3 . 00 0 0 

HOR I ZONTAL END DISTAtlCE = 1 . 0000 I NChE S 
VERTICAL F.ND DISTANCE = 2 . 3 125 I NCHES 

NUMBER OF BOLTS I " FDI'J 1 = 3 

NUMBER OF DOLTS IN ROW 2 = 2 

PITCH = 3.0000 

P I TC~I = 6 . 0JOO 

XC = 0 . 0000 I NCH YC = 3 . 5 1 10 INCH 

SOLUTION 

MO il MB I 2 Mn l MB2 ~B3 NO TSI 

1 56 . 57 203 . 70 31:2 . 26 3 19 . 27 200 . 33 e61 . 67 10 1. 6 5 

ULT IMATE SHEAR RES I STANC E = 160 . 34 

a 
w , 
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APPEND! X 0 

DESCRIPTION OF CONNECTIONS TESTED 
AT THE UNIVERS ITY OF TEXAS 
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12'11:' I 
r 
I~ 

CD C!:l 2" t -
-t-

CD L~.3 
18-11 

CD CD -L 

' .. '~ . . (Continued) 
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j ° 
fr' , f I 

o 0 -+ f 

-n-
1- 3"'2°f-
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~LL BO'\M~ 

W 18-60' 10'-O'!:2' 

3' 3' 2' 

18-19 

:nty, I~' 
o 0 2-

o 2@3' 
o 0 

.3' J ' 2' 

18 -17 

rrn-} 1 Y2.' 
2." , o 0 -

~@.6-" 

o 0 . 

HOLE5 I% <p 

o 0 i" 

o 2@3" 
o 0 

18- 18 

4' 3" f' 

o 0 2," 

1@6' 

? 18 -16 
o 0 . 
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.1 r W 18 ~ 60 • 10'-0" : 2.: - -. 
1 

I 
I 

4' ,Yz' 't' " 
~. i<-1"I 

I~' -- - ,'It' 

0 - Z' 0 
1 • 

I 18-20 18 - 21 Q 2.@6" 0 2. @6' 

I HOL"E~ 1% c:p 0 HOLES 171, '*" 0 

I 
I 3' 2' 3- Z" 

-"'.::':rt _ 
1 !ll' 

~ 
I Yz" -- -~ 

2' j" 

I 0 0 

18'"- 2Z Q 2.@6' 18 - 23 0 2.@6" II 
0 MOLE!) 1% '*' - HOLE:) 'o/l6.p0 

I 
I 2.'4' 272.' ~'It.' iYz' 

t-f-tt ~ - _ .. -
1 Yz.' 1 '12. ' 

I 
<:> 2" 0 

2." 

2@6" 2.@ 6" 18 - 2.4 18 -25 
<:> 0 

I ~lom:n HOLD "LO~HOlO 

1716 ~ W" o . '7'16 • 1 ~ Q 
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I 
I 
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