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Single-Plate Shear Connection Design 
to Meet Structural Integrity Requirements
LOUIS F. GESCHWINDNER and KURT D. GUSTAFSON

ABSTRACT

Specifi c prescriptive structural integrity provisions have been added to both model and local building codes since the collapse of the buildings 

at the World Trade Center site in 2001. The fi rst building code to incorporate specifi c requirements was the 2008 New York City Building Code, 

which was followed quickly by the 2009 International Building Code. This paper demonstrates how properly designed single-plate shear connec-

tions comply with the structural integrity provisions of IBC 2009 and also make appropriate comparisons with NYC 2008.

Keywords: building code, structural integrity, single-plate shear connection.

Structural integrity has always been one of the goals for 

the structural engineer carrying out an engineering de-

sign and for the committees writing design standards. How-

ever, it has only been since the collapse of the buildings at 

the World Trade Center site that requirements with the stated 

purpose of addressing structural integrity have appeared in 

U.S. building codes. The fi rst building code to incorporate 

specifi c requirements was the New York City Building Code 

(NYC, 2008) which was followed quickly by the Internation-

al Building Code (ICC, 2009). Although the requirements of 

these two building codes are similar, there are some specifi cs 

that make their application different. Appendix A presents the 

provisions of the New York City code that are pertinent to this 

discussion, and Appendix B presents the appropriate Interna-

tional Building Code provisions. Appendix C summarizes the 

AISC Specifi cation equations referenced in this paper.

This paper will demonstrate how properly designed single-

plate shear connections comply with the structural integrity 

provisions of IBC 2009 and will also make appropriate com-

parisons with NYC 2008.

INTERNATIONAL BUILDING 
CODE REQUIREMENTS

Section 1614 of IBC 2009 provides structural integrity re-

quirements that apply to high-rise buildings in occupancy 

categories III and IV. Simply stated, this means buildings 

with an occupied fl oor more than 75 ft above fi re department 

vehicle access that represent a substantial hazard to human 

life in the event of failure or that are essential facilities. Thus, 

the number of buildings that these requirements apply to 

is limited.

Two types of member connections are addressed for steel 

frame structures, Section 1614.3.2.1 addresses column splic-

es and 1614.3.2.2 addresses beam connections. This paper 

looks at one particular beam connection, the single-plate 

shear connection as shown in Figure 1. The provisions state 

that “all beams and girders shall have a minimum nominal 

axial tensile strength equal to the required vertical shear 

strength for allowable stress design (ASD) or two-thirds 

of the required shear strength for load and resistance factor 

design (LRFD) but not less than 10 kips.” It also states that 

“For the purpose of this section, the shear force and axial 

tensile force need not be considered to act simultaneously.” 

Using the terminology of AISC 360-05 Specifi cation for 
Structural Steel Buildings (AISC, 2005a), these require-

ments can be stated as

 
Tn ≥ Va  (ASD) (1)

Louis F. Geschwindner, P.E., Ph.D., Vice President, American Institute of Steel 

Construction, Chicago, IL (corresponding author). E-mail: geschwindner@

aisc.org

Kurt D. Gustafson, S.E., P.E., Director of Technical Assistance, American Insti-

tute of Steel Construction, Chicago, IL. E-mail: solutions@aisc.org

1.25 in.

1.25 in.

3.0(n-1) in.

2d2d

Fig. 1. Conventional confi guration single-plate shear connection.
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Tn ≥ 
2
3

Va   (LRFD) (2)

and 

 
Tn ≥ 10.0 kips (3)

where

Tn = nominal tensile strength

Va = required shear strength for ASD

Vu = required shear strength for LRFD

Section 1614.3.2.2 provides an exception that will be ad-

dressed later.

Design of the connection for shear under normal loading 

requires that available strength be greater than or equal to 

required strength. This can be stated as

 Va ≤ 
Vn

Ω   (ASD) (4)

or 

 
Vu ≤ ϕVn  (LRFD) (5)

where

Vn = nominal shear strength

Ω = safety factor for ASD

ϕ = resistance factor for LRFD

The right hand side of Equations 4 and 5 is the available 

shear strength for ASD and LRFD, respectively. Although 

the required shear strength must always be less than or equal 

to the available shear strength, it will be useful in this pre-

sentation to look at the limit where required shear strength 

is equal to the available shear strength. Thus, solving Equa-

tions 4 and 5 at the limit for Vn yields

 
ΩVa = Vn   (ASD) (6)

 

Vu

ϕ   = Vn  (LRFD) (7)

Setting Equations 6 and 7 equal and solving for Va yields

 

Va = 
Vu

ϕΩ  (8)

Calibration of the ASD and LRFD provisions in AISC 

360-05 is based on the fi xed relationship ϕΩ = 1.5. Thus, 

Equation 8 becomes

  Va = 
Vu

1.5
 = 

2
3

Vu  (9)

If Equation 9 is substituted into Equation 1, the structural 

integrity requirements for ASD are seen to be exactly the 

same as those for LRFD, thus

 

Tn ≥ 
2
3

Vu  (10)

Equation 10 has the nominal tension strength on one side 

and the required shear strength on the other. If it is again rec-

ognized that the required strength cannot exceed the mini-

mum design strength, Vu = φVn may be substituted into Equa-

tion 10 and the building code requirement restated as

 1.5Tn ≥ ϕVn (11)

Using Equation 11, all limit states may be checked without 

regard to any actual loading condition. If it can be shown 

that 1.5Tn is greater than the design shear strength for any 

particular limit state, Equation 11 is satisfi ed and the build-

ing code requirements have been satisfi ed.

In addition, it is not necessary to know the exact mini-

mum available shear strength for every possible limit state 

if an upper-bound shear strength and a lower-bound tension 

strength are used. If it can be shown that 1.5Tn is greater than 

the available shear strength for any one shear limit state, it 

will be greater than the controlling minimum available shear 

strength. For many of the limit states to be checked in this 

paper, similar limit states will be considered for shear and 

tension because this will likely make the comparisons easi-

est. However, for some limit states, it will be easier to com-

pare the results from different limit states. 

SINGLE-PLATE SHEAR CONNECTION—
CONVENTIONAL CONFIGURATION

Conventional confi guration single-plate shear connections 

are defi ned in Part 10, page 10-101 of the 13th Edition Steel 
Construction Manual (AISC, 2005b). Design strength val-

ues are provided in Tables 10-9a and 10-9b. 

The following eight limit states must be checked for a 

tension force applied to the single-plate shear connection 

shown in Figure 1:

 • Bolt shear

 • Weld

 • Plate yield

 • Plate rupture

 • Bolt bearing and tearout on plate

 • Bolt bearing and tearout on beam web

 • Block shear on plate

 • Block shear on beam web

1. Bolt Shear

Bolt shear strength is controlled by AISC Specifi cation 

Eq. J3-1 and is independent of the direction of application 

of the load. Thus, the nominal shear strength of a bolt can be 

taken as rn. With φ = 0.75 and n being the number of bolts,

 ϕVn = 0.75nrn  (12)

and

 1.5Tn = 1.5nrn  (13)
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Thus, it can be seen that Equation 11 is always satisfi ed for 

bolt shear since

 1.5nrn > 0.75nrn (14)

2. Weld

The conventional confi guration single-plate shear connec-

tion is required to have two fi llet welds s the thickness of 

the plate, tp. This ensures that the weld will not be a criti-

cal element when using 36-ksi or 50-ksi plate material. The 

design strength of the weld, based on AISC Specifi cation 

Eq. J2-4 and φ = 0.75, is 

 
ϕRn = 1.392Dl (15)

where D is the weld size in sixteenths of an inch and l is the 

length in inches. For two s-in. welds, D = 20 and the design 

shear strength is

 ϕV t l t ln p p= ( ) =1 392 20 27 8. .  (16)

For tension, two modifi cations will be made. First, the ten-

sion force is applied at 90° to the longitudinal axis of the 

weld so an increase of 1.5 in the strength is applicable ac-

cording to AISC Specifi cation Eq. J2-5. Second, the design 

strength of the weld as given in Equation 15 includes the 

resistance factor, φ = 0.75, so this factor must be removed. 

Thus,

 1 5 1 5 1 5 1 392 20 / 0.75 83.5. . . .T t l t ln p p= ( )( ) =⎡⎣ ⎤⎦  (17)

From Equations 16 and 17, it can be seen that Equation 11 is 

always satisfi ed for weld strength because

 83 5 27 8. .t l t lp p>  (18)

3. Plate Yield

The limit state for yielding of the plate in shear is controlled 

by AISC Specifi cation Eq. J4-3. Therefore, with φ = 1.00,

 
ϕV F t l F t ln y p y p= ( ) =1 00 0 6 0 6. . .  (19)

For the limit state of yielding of the plate in tension, AISC 

Specifi cation Eq. J4-1 controls. Thus,

 
1 5 1 5. .T F t ln y p=  (20)

From Equations 19 and 20, it can be seen that Equation 11 is 

always satisfi ed for plate yielding because

 
1 5 0 6. .F t l F t ly p y p>  (21)

4. Plate Rupture

The limit state for plate rupture in shear is given by AISC 

Specifi cation Eq. J4-4. Therefore, with φ = 0.75,

 
ϕV F t l F t ln u p n u p n= ( ) =0 75 0 6 0 45. . .  (22)

where ln is the net shear area. Tensile rupture is given by 

AISC Specifi cation Eq. J4-2. By defi nition, the net area of 

the plate for shear and tension are the same. Thus,

 
1 5 1 5. .T F t ln u p n=  (23)

From Equations 22 and 23, it can be seen that Equation 11 is 

always satisfi ed for plate rupture because

 
1 5 0 45. .F t l F t lu p n u p n>  (24)

5. Bolt Bearing and Tearout on Plate

Bearing and tearout are controlled by the provisions of AISC 

Specifi cation Section J3.10. For shear, deformation at ser-

vice load is a normal design consideration. The requirements 

stated in AISC Specifi cation Eq. J3-6a apply when using 

standard or short slotted holes, both of which are permitted 

for conventional confi guration single-plate shear connec-

tions. For the design shear strength, all bolts are assumed to 

be at their full bearing strength as given by the right side of 

AISC Specifi cation Eq. J3-6a. This is an upper limit on the 

design shear strength, so its use will be conservative, regard-

less of the tearout strength dictated by the distance Lev. Thus, 

with φ = 0.75,

 
ϕV n d t F ndt Fn p u p u= ( ) =0 75 2 4 1 8. . .⎡⎣ ⎤⎦  (25)

where d is the bolt diameter.

With strength seen as a function of bolt diameter, Table 1 

shows the solution of Equation 25 for four different bolt di-

ameters used in the conventional confi guration single-plate 

shear connection.

Table 1. Design Shear Strength as a Function 
of Bolt Diameter

Bolt diameter, d

(in.)
Design shear strength, ϕVn

w 1.35ntpFu

s 1.58ntpFu 

1 1.80ntpFu 

18 2.03ntpFu 
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For consideration of structural integrity, deformation does 

not need to be a design consideration, as provided in Section 

B3.2 of the fi nal draft of the 2010 AISC Specifi cation. Thus, 

the nominal tensile strength is controlled by 2005 AISC 

Specifi cation Eq. J3-6b. The conventional confi guration, 

Manual page 10-102, requires that the horizontal distance 

from the bolt hole center to the loaded edge, Leh, be at least 

2d. Thus, tearout would control over bearing and 

 
1 5 1 5 1 5 2 25. . . .T n L t F nL t Fn c p u c p u= ( ) =⎡⎣ ⎤⎦  (26)

With Leh = 2d as stated earlier, the clear distance for tearout 

with standard holes is Lc = 2d − 0.5(d + z) = 1.5d − 0.0313. 

For short slotted holes, hole dimensions are given in AISC 

Specifi cation Table J3.3. Table 2 shows the clear distance for 

tearout, Lc, as a function of bolt diameter for short slotted 

holes and the corresponding tensile strength, 1.5Tn. Because 

the tearout strength will be greater for standard holes than 

for short slotted holes, short slotted holes will provide a con-

servative comparison.

A comparison between Tables 1 and 2 shows that for each 

bolt size and either standard holes or short slotted holes, 

Equation 11 is satisfi ed for bolt bearing and tearout of the 

plate. If deformation were to be a design consideration for 

tension, the tensile strength in Table 2 would be reduced by 

0.8 and the tensile strength would still be greater than the 

shear strength.

6. Bolt Bearing and Tearout on Beam Web

The assessment of bolt bearing and tearout on the beam web 

follows the same procedure as for the plate. For shear, all 

bolts are assumed to be at their full bearing strength. This 

will be used even if the beam is coped because it gives an 

upper bound on the shear strength. The tearout distance for 

the beam web is taken as 2d, as it was for the plate. Thus, the 

values in Tables 1 and 2 may be used for the beam web by 

simply replacing tp with tb. Thus, Equation 11 is satisfi ed for 

bolt bearing and tearout of the beam web for standard and 

short slotted holes.

If only standard holes are used in the beam web, the 

tearout distance can be reduced to 1.5d and Equation 11 is 

still satisfi ed as seen by comparing the results in Table 3 with 

those in Table 1. 

7. Block Shear on Plate

Block shear strength is controlled by the provisions of AISC 

Specifi cation Section J4.3 and specifi cally Eq. J4-5. For the 

design shear strength, it will be assumed that shear rupture in 

combination with tension rupture will control. This will give 

an upper-bound strength if shear yielding happened to con-

trol. In addition, for one line of bolts Ubs = 1.0. Figure 2(a) 

shows the single-plate with the block shear failure planes for 

a shear loading noted. AISC Specifi cation Eq. J4-5, consid-

ering only rupture and φ = 0.75, can be written as

 
ϕV F l t F l t F l tn u n p u n p u n p= + +( )0 75 0 6 0 62 1 3. . .  (27)

For the geometry of the conventional confi guration single-

plate shear connection, with a bolt spacing of 3.0 in., 

l1 = 3.0(n – 1) in., l2 = 2d in., l3 = 1.25 in. For standard holes 

and short slotted holes, the net length for line 2 will always 

be greater than the net length for line 3. Thus, it will be con-

servative to let ln3 = ln2. Therefore

 
ϕV l l F tn n n u p= +( )0 45 1 21 2. .  (28)

Table 4 shows the net length, ln2, for standard holes to be 

used in Equation 28.

Table 2. Bolt Tearout Length and 
Tensile Strength for SSL Holes

Bolt diameter, 

d (in.)

Tearout length, 

Lc (in.)

Tensile strength, 

1.5Tn

w 1.000 2.25ntpFu 

s 1.188 2.67ntpFu

1 1.344 3.02ntpFu

18 1.500 3.38ntpFu

Table 3. Bolt Tearout Length and Tensile Strength for 
Standard Holes with Leh = 1.5d

Bolt diameter, 

d (in.)

Tearout length, 

Lc (in.)

Tensile strength, 

1.5Tn

w 0.719 1.62ntpFu 

s 0.844 1.90ntpFu

1 0.969 2.18ntpFu

18 1.094 2.46ntpFu

Table 4. Net Length for Determination of Ultimate 
Shear Strength

Bolt diameter, d

(in.)

Net length, ln2

(in.)

w 1.06

s 1.25

1 1.44

18 1.63
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The block shear planes for the tension force are shown in 

Figure 2(b). With the shear rupture terms controlling, AISC 

Specifi cation Eq. J4-5 becomes

 
1 5 1 5 2 0 61 2. . .T F l t F l tn u n p u n p= + ( )⎡⎣ ⎤⎦  (29)

  
1 5 1 2 11. . .ln= + 55 2l F tn u p( )⎡⎣ ⎤⎦

and with shear yielding terms controlling, Eq. J4-5 becomes

 

1 5 1 5 1 21 2. . .T F l t F l tn u n p y g p= +( )  (30)

  

1 5 1 2 1 51. . .l
F

F
n

y

u

= + ll F tg u p2

⎞
⎠
⎟

⎛
⎝
⎜

⎡

⎣
⎢

⎤

⎦
⎥

A comparison of Equations 29 and 30 shows that the smaller 

of ln2 or (Fy /Fu)lg2 will give the lower bound tensile strength. 

Table 5 shows the lengths needed to determine which limit 

state controls for the four considered bolt diameters using 

short slotted holes with ln2 = 2d − 0.5(SSL + z). 

For these four bolt diameters and A36 steel, (Fy  /Fu)lg2 is 

smaller than ln2, so yielding will control and the comparisons 

required to satisfy Equation 11 will be between Equations 28 

and 30. For A572 Gr. 50 steel, ln2 is smaller than (Fy  /Fu)lg2, 

so rupture controls and the comparisons required to satisfy 

Equation 11 will be between Equations 28 and 29. 

The comparison between shear and tension will be made 

in two parts. First, because the defi nition of ln1 is the same for 

shear and tension, the contribution for length ln1 will always 

be greater in resisting tension. That leaves the comparison 

to be based on the second term of each equation. The defi ni-

tion of ln2 is different for shear and tension because standard 

holes are used to get the maximum for shear and short slot-

ted holes are used to get the minimum for tension. Table 6 

gives the appropriate second term for tension strength to be 

compared to the second term for shear strength.

A comparison between Tables 4 and 6 shows that Equa-

tion 11 is satisfi ed for block shear in the plate for the four bolt 

diameters considered, for standard or short slotted holes, and 

for both A36 and A572 Gr. 50 steels.

8. Block Shear on Beam Web

For the fi rst seven limit states considered in this paper for 

the single-plate shear connection, the same limit state was 

assessed for design shear strength and nominal tension 

strength. Although it is not imperative that it be done this 

way, it generally makes the comparisons easier because the 

same parameters are being used for each strength. For the 

case of block shear on the beam web, it will be easier to 

consider block shear for the tension force while considering 

bearing and tearout for the shear force. Table 7, taken from 

Table 5. Determination of Controlling Limit 
State for Tension

Bolt 

diameter, d

(in.) 

Gross length, 

lg2 = 2d

(in.) 

Net length,

ln2

(in.)

F

F
ly

u
g2

 
(in.)

A36 A572 Gr. 50

w 1.50 0.969 0.932 1.15

s 1.75 1.16 1.09 1.35

1 2.00 1.31 1.24 1.54

18 2.25 1.47 1.40 1.73

Table 6. Second Term in Equations 29 and 30

Bolt 

diameter, 

d

(in.)

A36 A570 Gr. 50

F

F
ly

u
g2

(in.)

1 5 2.
F

F
ly

u
g

⎞
⎠
⎟

⎛
⎝
⎜

(in.)

Net 

length,

ln2

(in.) 

1.5ln2 

(in.)

w 0.932 1.40 0.969 1.45

s 1.09 1.64 1.16 1.74

1 1.24 1.86 1.31 1.97

18 1.40 2.10 1.47 2.21

Table 7. Bearing and Tearout on Beam Web

Bolt diameter,

d

(in.)

Design shear strength, ϕVn

w 1.35ntbFu

s 1.58ntbFu

1 1.80ntbFu

18 2.03ntbFu

2l

1l

3l

uV

   

2l

1l
nT

 (a) (b)

Figure 2. Geometry for block shear on plate.
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Table 1 with the beam web thickness replacing the plate 

thickness (limit state 6), gives the shear strength that will be 

used to assess the beam web for block shear in tension.

Figure 3 shows the beam web with the block shear planes 

defi ned for resisting the tension force. Because the beam will 

be A992 steel, the controlling limit state for the shear planes 

will be rupture and Equation 29, modifi ed to represent the 

beam web rather than the plate, is 

 
1 5 1 5 1 2 1 51 2. . . .T l l F tn n n u b= + ( )⎡⎣ ⎤⎦  (31)

The net length for the tension rupture term, ln1, is a function 

of the number of bolts and bolt spacing. Using a standard 

spacing of 3.0 in. yields

 
l n dn1 1 3 0 8= −( ) − −( ).  (32)

The net length for the shear rupture term, ln2, with Leh = 2d 

and short slotted holes can be determined from 

 l d SSLn2 2 0 5 z= − +( ).  (33)

where SSL is the slot length as defi ned in AISC Specifi cation 

Table J3.3.

Tables 8a, 8b and 8c give the net lengths and the nominal 

tensile strength as a function of the number of bolts, n.

In order to make the necessary comparisons called for 

by Equation 11, an assessment must be made for number 

of bolts from 2 through 12, as provided in the convention-

al confi guration defi nition. As an example, fi ve 1.00-in.- 

diameter bolts will be checked. From Table 7,

 
ϕV nt F t Fn b u b u= =1 80 9 00. .  (34)

and from Table 8c,

 
1 5 2 81 1 2 36 13 6. . . .T n t F t Fn b u b u= −( ) +[ ] =  (35)

Similarly, in all cases, Equation 11 is satisfi ed for the block 

shear pattern shown in Figure 3.

If the beam is coped, a comparison can be made using 

only one shear plane for the tension strength. That is ac-

complished by considering only one half of the value given 

in Table 8b. Equation 11 is satisfi ed for all combinations 

of bolts considered in this way for the coped beam except 

for two bolts with 1.125-in. diameter. However, for this one 

condition, a very small contribution from the tension plane 

above the top hole will add suffi cient strength to satisfy 

Equation 11. Thus, block shear on the beam web is satisfi ed 

for all conditions considered.

Summary for IBC

It has been shown that for every applicable limit state re-

quired to resist the structural integrity tensile force, the 

single-plate shear connection has suffi cient strength. 

These connections have been shown to satisfy the basic 

2l

1l
nT

Figure 3. Geometry for block shear on beam web.

Table 8a. Block Shear Strength for Tension Force—
Tension Component

Bolt diameter, d

(in.)

ln1 = (n − 1)(3.0 − d − 8)

(in.)
Tn (tension)

w 2.125(n − 1) 2.125(n − 1)tbFu

s 2.00(n − 1) 2.00(n − 1)tbFu

1 1.875(n − 1) 1.875(n − 1)tbFu

18 1.75(n − 1) 1.75(n − 1)tbFu

Table 8b. Block Shear Strength for Tension Force—
Shear Component

Bolt diameter, d

(in.)

ln2 = 2d − 0.5(SSL + z).

(in.)
Tn (shear)

w 0.969 1.16tbFu

s 1.16 1.39tbFu

1 1.31 1.57tbFu

18 1.47 1.76tbFu

Table 8c. Block Shear Strength for Tension 
Force Total

Bolt diameter, d

(in.)
1.5Tn

w (3.19(n − 1) + 1.74)tbFu

s (3.00(n − 1) + 2.09)tbFu

1 (2.81(n − 1) + 2.36)tbFu

18 (2.63(n − 1) + 2.64)tbFu
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requirement without relying on the exception provided in 

IBC 2009 Section 1614.3.2.2. Thus, no further calculations 

will be required in the design phase for conventional confi g-

uration single-plate shear connections to show compliance 

with the IBC structural integrity provisions. 

NYC BUILDING CODE REQUIREMENTS

The requirements of the New York City Building Code 

(NYC, 2008) are given in Appendix A. A review of these 

requirements shows that all bolted connections must have 

two bolts and that in connections that are part of the lateral 

load resisting system, bearing type connections are accept-

able but that the bolts must be pretensioned. For beam end 

connections that are not part of the lateral load resisting sys-

tem, “all beams and girders shall have a design axial tension 

strength equal to the larger of the provided vertical shear 

strength of the connection at either end but not less than 10 

kips.” This edition of the NYC Building Code permits design 

by ASD according to the 1989 ASD Specifi cation or LRFD 

according to the 1999 LRFD Specifi cation. Unfortunately, 

the terminology used in the building code is not consistent 

with the specifi cations referenced. Using AISC 360-05, 

these requirements, in the form of Equations 1 and 2, can 

be stated as

 

T Vn n≥
Ω Ω    (ASD) (36)

 
ϕ ϕT Vn n≥    (LRFD) (37)

It should be noted that the safety factors, Ω, and the resis-

tance factors, ϕ, shown are not necessarily equal on each side 

of Equations 36 and 37 because they will vary depending 

on the limit state being considered. For single-plate shear 

connections, the only limit state to be evaluated for resist-

ing the structural integrity tension force, as given in Section 

2213.2.3.1, is bolt bearing and tearout without deformation 

being a design consideration. Bolt shear is not mentioned in 

the NYC Building Code because the available strength of the 

bolts in shear is the same when they are resisting beam shear 

or beam tension. 

Thus, the nominal axial tension strength is to be deter-

mined according to AISC Specifi cation Eq. J3-6b, where 

deformation is not a design consideration. The right side of 

Equation 37 is the same as the right side of Equation 11. 

Thus, an approach similar to that used to show compliance 

with the requirements of IBC 2009 can be used here. The 

bearing and tearout limit states were addressed in cases 5 

and 6 for IBC 2009. From Equation 26, without the 1.5 in-

crease,

 
T n L t F nL t Fn c p u c p u= ( ) =1 5 1 5. .⎡⎣ ⎤⎦  (38)

In order to satisfy Equation 37, using Equation 25 for the 

provided shear strength, Equation 38 for the nominal tensile 

strength, and φ = 0.75,

 
0 75 1 5 1 8. . .nL t F nt dFc p u p u( ) ≥  (39)

This results in the requirement that

 
L dc ≥ 1 6.  (40)

For standard holes,

 

L L dc eh= − +1

2

1

16

⎞
⎠
⎟

⎛
⎝
⎜  (41)

Using Equations 40 and 41, the minimum edge distance 

for standard holes is

 
L deh = +2 1 0 0313. .  (42)

For short slotted holes,

 

L L SSLc eh= − ( )1

2
 (43)

Using Equations 42 and 43, the minimum edge distance for 

short slotted holes is

 

L d
SSL

eh = +1 6
2

.  (44)

Table 9 shows the minimum edge distances to permit the 

conclusion that Equation 39 would always be satisfi ed.

Table 9. Minimum Edge Distance for NYC 2008

Standard Holes Short Slotted Holes

Bolt diameter, d 

(in.)

Leh

(in.)
Leh  /d SSL

Leh

(in.)
Leh  /d

w 1.606 2.14 1.0000 1.700 2.27

s 1.869 2.14 1.1250 1.963 2.24

1 2.131 2.13 1.3125 2.256 2.26

18 2.394 2.13 1.5000 2.550 2.27
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With a slight increase in the conventional confi guration 

edge distance from 2d to 2.3d in both the plate and the beam 

web, single-plate shear connections will always be adequate 

to resist the structural integrity tension force. However, that 

is not the best way to show compliance with the NYC Build-

ing Code requirements. Because there is only one limit state 

to be considered in resisting the structural integrity tension 

force, it will be a relatively simple task to determine the de-

sign strength, ϕTn, of each conventional confi guration single-

plate shear connection given in the 13th Edition Manual. 
This strength is given in Appendix D of this paper—Table 

D-1 for standard holes and Table D-2 for short slotted holes, 

based on Equation 38 and ϕ = 0.75. A comparison of the data 

in Appendix D with that in Manual Table 10-9 shows that 

in all cases the conventional confi guration single-plate shear 

connection has suffi cient design strength in tension to satisfy 

the NYC Building Code structural integrity provisions. 

For any case where the beam web controls the shear 

strength of the connection, the tension strength can be de-

termined using the results shown in Appendix D, modifi ed 

proportionally for the appropriate beam web thickness. This 

would then be compared to the shear strength of the connec-

tion to confi rm that Equation 37 is satisfi ed.

There is one additional issue that must be addressed with 

regard to the NYC Building Code provisions. That is the re-

quirement that the structural integrity tension force for beams 

that are not symmetrically loaded be determined using the 

largest provided shear strength on either end of the member. 

There are an infi nite number of combinations possible for 

the required shear strength at a beam end. The simplest way 

to satisfy this requirement, if the beam is not symmetrical, is 

to the make the connections symmetrical. That way, the con-

nection at each end will be guaranteed to meet the structural 

integrity requirements.

CONCLUSIONS

Conventional confi guration single-plate shear connections, 

as provided in Tables 10-9a and 10-9b of the 13th Edition 

Steel Construction Manual, were evaluated for compliance 

with the structural integrity provisions of the 2009 Interna-

tional Building Code (ICC, 2009) and the 2008 New York 

City Building Code (NYC, 2008). It was shown that these 

connections, when designed to resist shear according to the 

provisions of ANSI/AISC 360-05, will satisfy the structural 

integrity provisions of both building codes without any mod-

ifi cation to their design. Clearly for conventional confi gura-

tion single-plate shear connections, structural integrity, as 

defi ned by these two building codes, has already been assured 

by the provisions of the AISC Specifi cation (AISC, 2005a) 

and the Steel Construction Manual (AISC, 2005b), without 

the need for the special requirements of building codes.
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APPENDIX A

2008 New York City Building Code Structural 
Integrity Provisions

SECTION BC 2213 
STRUCTURAL INTEGRITY REQUIREMENTS

2213.2 Continuity and ties. The following requirements 

shall be met:

1. All bolted connections shall have at least two bolts.

2. Bolted connections of all columns, beams, braces and 

other structural elements that are part of the lateral load 

resisting system shall be designed as bearing-type con-

nections with pretensioned bolts or as slip critical con-

nections.

3. End connections of all beams and girders shall have a 

design axial tension strength equal to the larger of the 

provided vertical shear strength of the connections at ei-

ther end, but not less than 10 kips (45 kN). For the design 

of the connections, the shear force and axial tensile force 

need not be considered to act simultaneously. For the 

purpose of this provision, a connection shall be consid-

ered compliant if it meets the following requirements:

 3.1 For single plate shear connections, the nominal axial 

tension strength shall be determined for the limit 

state of bolt bearing, where deformation is not a con-

sideration, on the plate and beam web.

 3.2 For single angle and double angle shear connections, 

the nominal tension strength shall be determined for 

the limit state of bolt bearing, where deformation is 

not a consideration, on the angles and beam web and 

for tension yielding on the gross area of the angles.

 3.3 All other connections shall be designed for the 

required tension force in accordance with either 

AISC-LRFD, AISC 335, or AISC-HSS.

For the purpose of meeting this integrity provision only, bolts 

in connections with short-slotted holes parallel to the direc-

tion of the tension force are permitted. For the purpose of 

checking bearing, these bolts shall be assumed to be located 

at the end of the slots.

APPENDIX B

2009 International Building Code Structural 
Integrity Provisions

SECTION 1614 
STRUCTURAL INTEGRITY

1614.1 General. Buildings classifi ed as high-rise buildings 

in accordance with Section 403 and assigned to Occupancy 
Category III or IV shall comply with the requirements of this 

section. Frame structures shall comply with the requirements 

of Section 1614.3. Bearing wall structures shall comply with 

the requirements of Section 1614.4.

1614.3.2 Structural steel, open web steel joist or joist 
girder, or composite steel and concrete frame structures. 
Frame structures constructed with a structural steel frame 

or a frame composed of open web steel joists, joist girders 

with or without other structural steel elements or a frame 

composed of steel or composite steel joists and reinforced 

concrete elements shall conform to the requirements of this 

section.

1614.3.2.1 Columns. Each column splice shall have the 

minimum design strength in tension to transfer the de-

sign dead and live load tributary to the column between 

the splice and the splice or base immediately below.

1614.3.2.2 Beams. End connections of all beams and 

girders shall have a minimum nominal axial tensile 

strength equal to the required vertical shear strength 

for allowable stress design (ASD) or two-thirds of the 

required shear strength for load and resistance factor 
design (LRFD) but not less than 10 kips (45 kN). For the 

purpose of this section, the shear force and the axial ten-

sile force need not be considered to act simultaneously. 

Exception: Where beams, girders, open web joist 

and joist girders support a concrete slab or concrete 

slab on metal deck that is attached to the beam or 

girder with not less than 3/8-inch-diameter (9.5 mm) 

headed shear studs, at spacing of not more that 12 

inches (305 mm) on center, averaged over the length 

of the member, or other attachment having equiva-

lent shear strength, and the slab contains continuous 

distributed reinforcement in each of two orthogonal 

directions with an area not less than 0.0015 times the 

concrete area, the nominal axial tension strength of 

the end connection shall be permitted to be taken as 

half the required vertical shear strength for ASD or 

one-third of the required shear strength for LRFD, 

but not less than 10 kips (45 kN).
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APPENDIX C

REFERENCED AISC 360-05 EQUATIONS

The following equations from the 2005 AISC Specifi cation 
for Structural Steel Buildings have been referenced in this 

paper.

J2. Welds

 
R F An w w=  (J2-4)

 
F Fw EXX= +( )0 60 1 0 0 50

1 5
. . . sin

. θ  (J2-5)

 ϕ = 0 75.

J3. Bolts and Threaded Parts

 
R F An n b=  (J3-1)

 
R L tF dtFn c u u= ≤1 2 2 4. .  (J3-6a)

 
R L tF dtFn c u u= ≤1 5 3 0. .  (J3-6b)

 ϕ = 0 75.

J4. Affected Elements of Members and Connecting Elements

 
R F An y g=  (J4-1)

  ϕ = 0 90.

 
R F An u e=  (J4-2)

  ϕ = 0 75.

 
R F An y g= 0 60.  (J4-3)

  ϕ = 1 0.

 
R F An u nv= 0 60.  (J4-4)

  ϕ = 0 75.

 
R F A U F A F A U F An u nv bs u nt y gv bs u nt= + ≤ +0 6 0 6. .  (J4-5)

 ϕ = 0 75.

APPENDIX D

TENSION STRENGTH FOR USE WITH THE 2008 
NEW YORK CITY BUILDING CODE

Table D-1. Design Tensile Strength for Plates 
with Standard Holes

Fy = 36 ksi
Bolt Diameter, ¾ in.
Standard Holes, clear distance, Lc = 1.0938 in.

n
Plate Thickness, in.

14 c a v 12 b

12 214 268 321 375 428 482

11 196 245 294 344 393 442

10 178 223 268 312 357 401

9 161 201 241 281 321 361

8 143 178 214 250 286 321

7 125 156 187 219 250 281

6 107 134 161 187 214 241

5 89.2 112 134 156 178 201

4 71.4 89.2 107 125 143 161

3 53.5 66.9 80.3 93.7 107 120

2 35.7 44.6 53.5 62.4 71.4 80.3

Fy = 36 ksi
Bolt Diameter, d-in.
Standard Holes, clear distance, Lc = 1.2813 in.

n
Plate Thickness, in.

14 c a v 12 b

12 251 314 376 439 502 564

11 230 287 345 402 460 517

10 209 261 314 366 418 470

9 188 235 282 329 376 423

8 167 209 251 293 334 376

7 146 183 220 256 293 329

6 125 157 188 220 251 282

5 105 131 157 183 209 235

4 83.6 105 125 146 167 188

3 62.7 78.4 94.1 110 125 141

2 41.8 52.3 62.7 73.2 83.6 94.1
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Table D-1. Design Tensile Strength for Plates 
with Standard Holes (cont.)

Fy = 50 ksi
Bolt Diameter, ¾ in.
Standard Holes, clear distance, Lc = 1.0938 in.

n
Plate Thickness, in.

14 c a v 12 b

12 240 300 360 420 480 540

11 220 275 330 385 440 495

10 200 250 300 350 400 450

9 180 225 270 315 360 405

8 160 200 240 280 320 360

7 140 175 210 245 280 315

6 120 150 180 210 240 270

5 100 125 150 175 200 225

4 80.0 100 120 140 160 180

3 60.0 75.0 90.0 105 120 135

2 40.0 50.0 60.0 70.0 80.0 90.0

Fy = 50 ksi
Bolt Diameter, d in.
Standard Holes, clear distance, Lc = 1.2813 in.

n
Plate Thickness, in.

14 c a v 12 b

12 281 351 422 492 562 632

11 258 322 387 451 515 580

10 234 293 351 410 469 527

9 211 264 316 369 422 474

8 187 234 281 328 375 422

7 164 205 246 287 328 369

6 141 176 211 246 281 316

5 117 146 176 205 234 264

4 93.7 117 141 164 187 211

3 70.3 87.8 105 123 141 158

2 46.8 58.6 70.3 82.0 93.7 105

Table D-1. Design Tensile Strength for Plates 
with Standard Holes (cont.)

Fy = 36 ksi
Bolt Diameter, 1 in.
Standard Holes, clear distance, Lc = 1.4688 in.

n
Plate Thickness, in.

14 c a v 12 b

12 288 359 431 503 575 647

11 264 329 395 461 527 593

10 240 300 359 419 479 539

9 216 270 323 377 431 485

8 192 240 288 335 383 431

7 168 210 252 294 335 377

6 144 180 216 252 288 323

5 120 150 180 210 240 270

4 95.8 120 144 168 192 216

3 71.9 89.8 108 126 144 162

2 47.9 59.9 71.9 83.9 95.8 108

Fy = 36 ksi
Bolt Diameter, 18 in.
Standard Holes, clear distance, Lc = 1.6563 in.

n
Plate Thickness, in.

14 c a v 12 b

12 324 405 486 567 648 730

11 297 372 446 520 594 669

10 270 338 405 473 540 608

9 243 304 365 426 486 547

8 216 270 324 378 432 486

7 189 236 284 331 378 426

6 162 203 243 284 324 365

5 135 169 203 236 270 304

4 108 135 162 189 216 243

3 81.1 101 122 142 162 182

2 54.0 67.5 81.1 94.6 108 122
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Table D-2. Design Tensile Strength for Plates 
with Short Slotted Holes

Fy = 36 ksi
Bolt Diameter, ¾ in.
Short Slotted Holes, clear distance, Lc = 1.00 in.

n
Plate Thickness, in.

14 c a v 12 b

12 196 245 294 343 392 440

11 179 224 269 314 359 404

10 163 204 245 286 326 367

9 147 184 220 257 294 330

8 131 163 196 228 261 294

7 114 143 171 200 228 257

6 97.9 122 147 171 196 220

5 81.6 102 122 143 163 184

4 65.3 81.6 97.9 114 131 147

3 48.9 61.2 73.4 85.6 97.9 110

2 32.6 40.8 48.9 57.1 65.3 73.4

 Fy = 36 ksi
Bolt Diameter, d in.
Short Slotted Holes, clear distance, Lc = 1.188 in.

n
Plate Thickness, in.

14 c a v 12 b

12 233 291 349 407 465 523

11 213 267 320 373 426 480

10 194 242 291 339 388 436

9 174 218 262 305 349 392

8 155 194 233 271 310 349

7 136 170 204 237 271 305

6 116 145 174 204 233 262

5 96.9 121 145 170 194 218

4 77.5 96.9 116 136 155 174

3 58.1 72.7 87.2 102 116 131

2 38.8 48.4 58.1 67.8 77.5 87.2

Table D-1. Design Tensile Strength for Plates 
with Standard Holes (cont.)

Fy = 50 ksi
Bolt Diameter, 1 in.
Standard Holes, clear distance, Lc = 1.4688 in.

n
Plate Thickness, in.

14 c a v 12 b

12 322 403 483 564 644 725

11 295 369 443 517 591 665

10 269 336 403 470 537 604

9 242 302 363 423 483 544

8 215 269 322 376 430 483

7 188 235 282 329 376 423

6 161 201 242 282 322 363

5 134 168 201 235 269 302

4 107 134 161 188 215 242

3 80.6 101 121 141 161 181

2 53.7 67.1 80.6 94.0 107 121

Fy = 50 ksi
Bolt Diameter, 18 in.
Standard Holes, clear distance, Lc = 1.6563 in.

n
Plate Thickness, in.

14 c a v 12 b

12 363 454 545 636 727 818

11 333 416 500 583 666 749

10 303 379 454 530 606 681

9 273 341 409 477 545 613

8 242 303 363 424 485 545

7 212 265 318 371 424 477

6 182 227 273 318 363 409

5 151 189 227 265 303 341

4 121 151 182 212 242 273

3 90.8 114 136 159 182 204

2 60.6 75.7 90.8 106 121 136
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Table D-2. Design Tensile Strength for Plates 
with Short Slotted Holes (cont.)

Fy = 36 ksi
Bolt Diameter, 1 in.
Short Slotted Holes, clear distance, Lc = 1.344 in.

n
Plate Thickness, in.

14 c a v 12 b

12 263 329 395 460 526 592

11 241 302 362 422 482 543

10 219 274 329 384 439 493

9 197 247 296 345 395 444

8 175 219 263 307 351 395

7 154 192 230 269 307 345

6 132 164 197 230 263 296

5 110 137 164 192 219 247

4 87.7 110 132 154 175 197

3 65.8 82.2 98.7 115 132 148

2 43.8 54.8 65.8 76.7 87.7 98.7

Fy = 36 ksi
Bolt Diameter, 18 in.
Short Slotted Holes, clear distance, Lc = 1.50 in.

n
Plate Thickness, in.

14 c a v 12 b

12 294 367 440 514 587 661

11 269 336 404 471 538 606

10 245 306 367 428 489 551

9 220 275 330 385 440 496

8 196 245 294 343 392 440

7 171 214 257 300 343 385

6 147 184 220 257 294 330

5 122 153 184 214 245 275

4 97.9 122 147 171 196 220

3 73.4 91.8 110 129 147 165

2 48.9 61.2 73.4 85.6 97.9 110

Table D-2. Design Tensile Strength for Plates 
with Short Slotted Holes (cont.)

Fy = 50 ksi
Bolt Diameter, ¾ in.
Short Slotted Holes, clear distance, Lc = 1.00 in.

n
Plate Thickness, in.

14 c a v 12 b

12 219 274 329 384 439 494

11 201 251 302 352 402 453

10 183 229 274 320 366 411

9 165 206 247 288 329 370

8 146 183 219 256 293 329

7 128 160 192 224 256 288

6 110 137 165 192 219 247

5 91.4 114 137 160 183 206

4 73.1 91.4 110 128 146 165

3 54.8 68.6 82.3 96.0 110 123

2 36.6 45.7 54.8 64.0 73.1 82.3

Fy = 50 ksi
Bolt Diameter, d in.
Short Slotted Holes, clear distance, Lc = 1.188 in.

n
Plate Thickness, in.

14 c a v 12 b

12 261 326 391 456 521 586

11 239 299 358 418 478 538

10 217 272 326 380 434 489

9 196 244 293 342 391 440

8 174 217 261 304 348 391

7 152 190 228 266 304 342

6 130 163 196 228 261 293

5 109 136 163 190 217 244

4 86.9 109 130 152 174 196

3 65.2 81.4 97.7 114 130 147

2 43.4 54.3 65.2 76.0 86.9 97.7
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Table D-2. Design Tensile Strength for Plates 
with Short Slotted Holes (cont.)

Fy = 50 ksi
Bolt Diameter, 1 in.
Short Slotted Holes, clear distance, Lc =  1.344 in.

n
Plate Thickness, in.

14 c a v 12 b

12 295 369 442 516 590 663

11 270 338 405 473 541 608

10 246 307 369 430 491 553

9 221 276 332 387 442 498

8 197 246 295 344 393 442

7 172 215 258 301 344 387

6 147 184 221 258 295 332

5 123 154 184 215 246 276

4 98.3 123 147 172 197 221

3 73.7 92.1 111 129 147 166

2 49.1 61.4 73.7 86.0 98.3 111

Fy = 50 ksi
Bolt Diameter, 18 in.
Short Slotted Holes, clear distance, Lc =  1.50 in.

n
Plate Thickness, in.

14 c a v 12 b

12 329 411 494 576 658 740

11 302 377 453 528 603 679

10 274 343 411 480 548 617

9 247 309 370 432 494 555

8 219 274 329 384 439 494

7 192 240 288 336 384 432

6 165 206 247 288 329 370

5 137 171 206 240 274 309

4 110 137 165 192 219 247

3 82.3 103 123 144 165 185

2 54.8 68.6 82.3 96.0 110 123

189-202_EJ3Q_Geschwindner_Gustafon_2010.indd   202189-202_EJ3Q_Geschwindner_Gustafon_2010.indd   202 8/30/10   3:16 PM8/30/10   3:16 PM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Frutiger-Bold
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
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