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Number of shear planes, Ns = 1
Number of sides, N = 1
Row edge distance, Le = 1.5 in
Connection thickness, t = 0.375 in
Connection tensile strength, Fu = 65 ksi
Bolt row spacing, s = 3 in
Bolt columns, m = 1
Bolt rows, n = 4
Bolt diameter, db = 0.875 in
C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  t  Fu

  = 0.75  2.4  0.875  0.375  65
  = 38.3906 kips

Bolt row spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  t  Fu



  = 0.75  1.2  2.0625  0.375  65
  = 45.2461 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v

  = min 45.2461,38.3906,24.3535
  = 24.3535 kips

Clear distance from hole to edge of material, Lc,edge = Le - 0.5  dh

  = 1.5 - 0.5  0.9375
  = 1.03125 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,edge  t  Fu

  = 0.75  1.2  1.03125  0.375  65
  = 22.623 kips

Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,to, Rn,b, Rn,v

  = min 22.623,38.3906,24.3535
  = 22.623 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 22.623  1 + 24.3535  3
4

  = 23.9209 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  23.9209  3.07968
  = 73.6687 kips

Shear capacity = Vn

  = 73.6687 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
73.7

  = 0.814111
73.7 kips  60 kips  (OK)
0.814  1  (OK)

Bolt diameter, db = 0.875 in
Number of shear planes, Ns = 1
Number of sides, N = 1
Bolt rows, n = 4



Bolt columns, m = 1
Vertical bolt spacing, s = 3 in
This beam tensile strength, Fu = 65 ksi
This beam web thickness, tw = 0.415 in
Other beam tensile strength, Fu,s = 65 ksi
Other beam web thickness, tw,s = 0.395 in

C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  tw  Fu

  = 0.75  2.4  0.875  0.415  65
  = 42.4856 kips

Vertical bolt spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  tw  Fu

  = 0.75  1.2  2.0625  0.415  65
  = 50.0723 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v



  = min 50.0723,42.4856,24.3535
  = 24.3535 kips

Tear out will not occur, so the bearing capacity controls.
Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,b, Rn,v

  = min 42.4856,24.3535
  = 24.3535 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 24.3535  1 + 24.3535  3
4

  = 24.3535 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  24.3535  3.07968
  = 75.0009 kips

Shear capacity = Vn

  = 75.0009 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
75

  = 0.8
Bearing on beam web, Pbrg = Shear capacity

  = 75 kips
This beam unity ratio, U = Unity

  = 0.8

C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi



 = 0.75
Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  tw,s  Fu,s

  = 0.75  2.4  0.875  0.395  65
  = 40.4381 kips

Vertical bolt spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  tw,s  Fu,s

  = 0.75  1.2  2.0625  0.395  65
  = 47.6592 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v

  = min 47.6592,40.4381,24.3535
  = 24.3535 kips

Tear out will not occur, so the bearing capacity controls.
Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,b, Rn,v

  = min 40.4381,24.3535
  = 24.3535 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 24.3535  1 + 24.3535  3
4

  = 24.3535 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  24.3535  3.07968
  = 75.0009 kips

Shear capacity = Vn

  = 75.0009 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity



  = 60
75

  = 0.8
Bearing on other web, Pbrg,s = Shear capacity

  = 75 kips
Other beam unity ratio, Uo = Unity

  = 0.8
Unity = max U,Uo

  = max 0.8,0.8
  = 0.8

Shear capacity = min Pbrg, Pbrg,s

  = min 75,75
  = 75 kips

75.0 kips  60 kips  (OK)
0.800  1  (OK)

Number of shear planes, Ns = 1
Coefficient, C = 3.07968
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Shear capacity = C  Rn,v

  = 3.07968  24.3535
  = 75.0009 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
75

  = 0.8
75.0 kips  60 kips  (OK)
0.800  1  (OK)

Connection tensile strength, Fu,conn = 65 ksi
FS bolt rows, nFS = 4
NS bolt rows, nNS = 4



FS connection thickness, tfs = 0 in
NS connection thickness, tns = 0.375 in
FS connection depth, dfs = 0 in
NS connection depth, dns = 12 in
Hole diameter, dh = 1 in
NS Net shear area, Anv,ns = tns  dns - nNS  dh

  = 0.375  12 - 4  1
  = 3 in2

FS Net shear area, Anv,fs = tfs  dfs - nFS  dh

  = 0  0 - 4  1
  = 0 in2

Total net shear area, Anv,total = Anv,ns + Anv,fs

  = 3 + 0

  = 3 in2

 = 0.75
Shear capacity, Vn =   0.6  Fu,conn  Anv,total

  = 0.75  0.6  65  3
  = 87.75 kips

Shear capacity = Vn

  = 87.75 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
87.8

  = 0.683371
87.8 kips  60 kips  (OK)
0.683  1  (OK)

Plate thickness, tpl = 0.375 in
Yield stress, Fy = 50 ksi
Tensile strength, Fu = 65 ksi
Bolt column spacing, scol = 5 in
Bolt row spacing, s = 3 in
Bolt rows, n = 4
Column edge distance, Leh = 1.5 in
Row edge distance, Lev = 1.5 in
Bolt columns, m = 1
Hole diameter, dh = 1 in



Hole length, lh = 1 in
Total length of bolt group, stotal = 9 in
Gross shear area, Agv = tpl  stotal + Lev

  = 0.375  9 + 1.5
  = 3.9375 in2

Net shear area, Anv = tpl  stotal + Lev  - tpl  n - 0.5   dh

  = 0.375  9 + 1.5  - 0.375  4 - 0.5   1
  = 2.625 in2

Gross tensile area, Agt = tpl  scol  m - 1 + Leh

  = 0.375  5  1 - 1 + 1.5
  = 0.5625 in2

Net tensile area, Ant = tpl  scol  m - 1 + Leh  - tpl  m - 0.5   lh
  = 0.375  5  1 - 1 + 1.5  - 0.375  1 - 0.5   1
  = 0.375 in2

Reduction coefficient, Ubs = 1
Shear yield load, Rgv = 0.6  Fy  Agv

  = 0.6  50  3.9375
  = 118.125 kips

Shear rupture load, Rnv = 0.6  Fu  Anv

  = 0.6  65  2.625
  = 102.375 kips

Tension load, Rt = Ubs  Fu  Ant

  = 1  65  0.375
  = 24.375 kips

Nominal block shear capacity, Rn = min Rgv,Rnv  + Rt

  = min 118.125,102.375 + 24.375
  = 126.75 kips

 = 0.75
Shear capacity =   Rn

  = 0.75  126.75
  = 95.0625 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
95.1

  = 0.630915
95.1 kips  60 kips  (OK)
0.631  1  (OK)



Connection yield stress, Fy,conn = 50 ksi
FS connection thickness, tfs = 0 in
NS connection thickness, tns = 0.375 in
FS connection depth, dfs = 0 in
NS connection depth, dns = 12 in
Gross shear area, Agv = dns  tns + dfs  tfs

  = 12  0.375 + 0  0

  = 4.5 in2

 = 1
Shear capacity =   0.6  Fy,conn  Agv

  = 1  0.6  50  4.5
  = 135 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
135

  = 0.444444
135.0 kips  60 kips  (OK)
0.444  1  (OK)

Fu,conn = 65 ksi
Plate yield stress, Fy,p = 50 ksi
Bolt row spacing, s = 3 in
Bolt rows, n = 4
Number of connection sides, N = 1
Plate thickness, tpl = 0.375 in
Connection depth, dpl = 12 in
Eccentricity in x-direction, ex = 2.5 in
Hole diameter, dh = 1 in

Steel modulus of elasticity, E = 29000 ksi
Unbraced Length, Lb = ex

  = 2.5 in

Plastic section modulus, Z = 
tpl  dpl

2

4

  = 0.375  122

4
  = 13.5 in3



Elastic section modulus, S = 
tpl  dpl

2

6

  = 0.375  122

6
  = 9 in3

Plastic bending moment, Mp = 
Fy,p  Z

12

  = 50  13.5
12

  = 56.25 kip  ft

Mp = 56.25 kip  ft   
1.5  Fy,p  S

12
 = 1.5  50  9

12
 = 56.25 kip  ft  

Lb  dpl

tpl
2

 = 2.5  12
0.3752

 = 213.333  > 0.08  E
Fy,p

 = 0.08  29000
50

 = 46.4  

Lateral-torsional buckling modification factor, Cb = 1.84
Lb  dpl

tpl
2

 = 2.5  12
0.3752

 = 213.333   1.9  E
Fy,p

 = 1.9  29000
50

 = 1102  

Flexural yield moment, My = 
Fy,p  S

12

  = 50  9
12

  = 37.5 kip  ft

Nominal flexural strength, Mn = min Cb  1.52 - 0.274  
Lb  dpl

tpl
2

  
Fy,p

E
  My,Mp

  = min 1.84  1.52 - 0.274  2.5  12
0.3752

  50
29000

  37.5,56.25

  = 56.25 kip  ft
 = 0.9

Gross moment capacity, Mn,gross = N    Mn

  = 1  0.9  56.25
  = 50.625 kip  ft

 = 0.75
Bending stress, Fb =   Fu,conn

  = 0.75  65
  = 48.75 ksi

Total length of bolt group, stotal = 9 in

Row edge distance top, Le,top = 
dpl - stotal

2



  = 12 - 9
2

  = 1.5 in
Row edge distance bottom, Le,bot = Le,top

  = 1.5 in
Bolt row spacing, s = 3 in

Net plastic section modulus, Zx,net = 
tpl  s - dh   n2  s

4

  = 0.375  3 - 1  42  3
4

  = 9 in3

Bolt row spacing, s = 3 in

Deduction of net section modulus due to the bolt holes, Sdeduct = 

s2  n  n2 - 1   tpl  dh

6

dpl

  = 

32  4  42 - 1   0.375  1
6

12

  = 2.8125 in3

Net elastic section modulus, Sx,net = 
tpl  dpl

2

6
 - Sdeduct

  = 0.375  122

6
 - 2.8125

  = 6.1875 in3

Zx,net = 9 in3   1.5  Sx,net = 1.5  6.1875 = 9.28125 in3  

Net moment capacity, Mn,net = 
N  Fb  Zx,net

12

  = 1  48.75  9
12

  = 36.5625 kip  ft, Reference: (9-8)

Shear capacity = 
min Mn,gross, Mn,net

ex
  12

  = min 50.625,36.5625
2.5

  12

  = 175.5 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
175.5



  = 0.34188
175.5 kips  60 kips  (OK)
0.342  1  (OK)

This beam depth, d = 23.7 in
This beam web thickness, tw = 0.415 in
This beam yield stress, Fy = 50 ksi
Other beam depth, ds = 23.6 in
Other beam web thickness, tw,s = 0.395 in
Other beam yield stress, Fy,s = 50 ksi

Applied member shear, Va = 60 kips
 = 1

Allowable shear stress, Fv =   0.6  Fy

  = 1  0.6  50
  = 30 ksi

Web shear area, Aw = d  tw
  = 23.7  0.415

  = 9.8355 in2

Unity = Va

Fv  Aw

  = 60
30  9.8355

  = 0.203345
Shear capacity = Fv  Aw

  = 30  9.8355
  = 295.065 kips

Beam gross shear, Vg = Shear capacity
  = 295.1 kips

This beam unity ratio, U = Unity
  = 0.203345

Applied member shear, Va = 60 kips
 = 1

Allowable shear stress, Fv =   0.6  Fy,s

  = 1  0.6  50
  = 30 ksi

Web shear area, Aw = ds  tw,s

  = 23.6  0.395



  = 9.322 in2

Unity = Va

Fv  Aw

  = 60
30  9.322

  = 0.214546
Shear capacity = Fv  Aw

  = 30  9.322
  = 279.66 kips

Other beam gross shear, Vg,s = Shear capacity
  = 279.7 kips

Other beam unity ratio, Uo = Unity
  = 0.214546

Unity = max U,Uo

  = max 0.203345,0.214546
  = 0.214546

Shear capacity = min Vg, Vg,s

  = min 295.1,279.7
  = 279.7 kips

279.7 kips  60 kips  (OK)
0.215  1  (OK)
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Number of shear planes, Ns = 1
Number of sides, N = 1
Row edge distance, Le = 1.5 in
Connection thickness, t = 0.375 in
Connection tensile strength, Fu = 65 ksi
Bolt row spacing, s = 3 in
Bolt columns, m = 1
Bolt rows, n = 4
Bolt diameter, db = 0.875 in
C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  t  Fu

  = 0.75  2.4  0.875  0.375  65
  = 38.3906 kips

Bolt row spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  t  Fu



  = 0.75  1.2  2.0625  0.375  65
  = 45.2461 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v

  = min 45.2461,38.3906,24.3535
  = 24.3535 kips

Clear distance from hole to edge of material, Lc,edge = Le - 0.5  dh

  = 1.5 - 0.5  0.9375
  = 1.03125 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,edge  t  Fu

  = 0.75  1.2  1.03125  0.375  65
  = 22.623 kips

Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,to, Rn,b, Rn,v

  = min 22.623,38.3906,24.3535
  = 22.623 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 22.623  1 + 24.3535  3
4

  = 23.9209 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  23.9209  3.07968
  = 73.6687 kips

Shear capacity = Vn

  = 73.6687 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
73.7

  = 0.814111
73.7 kips  60 kips  (OK)
0.814  1  (OK)

Bolt diameter, db = 0.875 in
Number of shear planes, Ns = 1
Number of sides, N = 1
Bolt rows, n = 4



Bolt columns, m = 1
Vertical bolt spacing, s = 3 in
This beam tensile strength, Fu = 65 ksi
This beam web thickness, tw = 0.395 in
Other beam tensile strength, Fu,s = 65 ksi
Other beam web thickness, tw,s = 0.415 in

C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  tw  Fu

  = 0.75  2.4  0.875  0.395  65
  = 40.4381 kips

Vertical bolt spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  tw  Fu

  = 0.75  1.2  2.0625  0.395  65
  = 47.6592 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v



  = min 47.6592,40.4381,24.3535
  = 24.3535 kips

Tear out will not occur, so the bearing capacity controls.
Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,b, Rn,v

  = min 40.4381,24.3535
  = 24.3535 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 24.3535  1 + 24.3535  3
4

  = 24.3535 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  24.3535  3.07968
  = 75.0009 kips

Shear capacity = Vn

  = 75.0009 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
75

  = 0.8
Bearing on beam web, Pbrg = Shear capacity

  = 75 kips
This beam unity ratio, U = Unity

  = 0.8

C = 3.07968
Total number of bolts, N = n  m

  = 4  1
  = 4

Number of edge bolts, Nedge = m
  = 1

Number of interior bolts, Nint = N - m
  = 4 - 1
  = 3

Total length of bolt group, stotal = 9 in
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi



 = 0.75
Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Hole diameter, dh = 0.9375 in
 = 0.75

Bolt bearing capacity, Rn,b =   2.4  db  tw,s  Fu,s

  = 0.75  2.4  0.875  0.415  65
  = 42.4856 kips

Vertical bolt spacing, s = 3 in
Clear distance from bolt hole to bolt hole, Lc,int = s - dh

  = 3 - 0.9375
  = 2.0625 in

 = 0.75
Tearout load capacity, Rn,to =   1.2  Lc,int  tw,s  Fu,s

  = 0.75  1.2  2.0625  0.415  65
  = 50.0723 kips

Controlling bearing/tearout strength of interior bolt, Rn,i = min Rn,to, Rn,b, Rn,v

  = min 50.0723,42.4856,24.3535
  = 24.3535 kips

Tear out will not occur, so the bearing capacity controls.
Controlling bearing/tearout strength of exterior bolt, Rn,e = min Rn,b, Rn,v

  = min 42.4856,24.3535
  = 24.3535 kips

Average bolt bearing/tearout, Rv,ave = 
Rn,e  Nedge + Rn,i  Nint

N

  = 24.3535  1 + 24.3535  3
4

  = 24.3535 kips
Shear capacity, Vn = N  Rv,ave  C

  = 1  24.3535  3.07968
  = 75.0009 kips

Shear capacity = Vn

  = 75.0009 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity



  = 60
75

  = 0.8
Bearing on other web, Pbrg,s = Shear capacity

  = 75 kips
Other beam unity ratio, Uo = Unity

  = 0.8
Unity = max U,Uo

  = max 0.8,0.8
  = 0.8

Shear capacity = min Pbrg, Pbrg,s

  = min 75,75
  = 75 kips

75.0 kips  60 kips  (OK)
0.800  1  (OK)

Number of shear planes, Ns = 1
Coefficient, C = 3.07968
Bolt area, Ab = 0.60132 in2

Allowable shear stress, Fnv = 54 ksi
 = 0.75

Bolt shear capacity, Rn,v =   Fnv  Ab  Ns

  = 0.75  54  0.60132  1
  = 24.3535 kips

Shear capacity = C  Rn,v

  = 3.07968  24.3535
  = 75.0009 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
75

  = 0.8
75.0 kips  60 kips  (OK)
0.800  1  (OK)

Connection tensile strength, Fu,conn = 65 ksi
FS bolt rows, nFS = 4
NS bolt rows, nNS = 4



FS connection thickness, tfs = 0 in
NS connection thickness, tns = 0.375 in
FS connection depth, dfs = 0 in
NS connection depth, dns = 12 in
Hole diameter, dh = 1 in
NS Net shear area, Anv,ns = tns  dns - nNS  dh

  = 0.375  12 - 4  1
  = 3 in2

FS Net shear area, Anv,fs = tfs  dfs - nFS  dh

  = 0  0 - 4  1
  = 0 in2

Total net shear area, Anv,total = Anv,ns + Anv,fs

  = 3 + 0

  = 3 in2

 = 0.75
Shear capacity, Vn =   0.6  Fu,conn  Anv,total

  = 0.75  0.6  65  3
  = 87.75 kips

Shear capacity = Vn

  = 87.75 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
87.8

  = 0.683371
87.8 kips  60 kips  (OK)
0.683  1  (OK)

Plate thickness, tpl = 0.375 in
Yield stress, Fy = 50 ksi
Tensile strength, Fu = 65 ksi
Bolt column spacing, scol = 5 in
Bolt row spacing, s = 3 in
Bolt rows, n = 4
Column edge distance, Leh = 1.5 in
Row edge distance, Lev = 1.5 in
Bolt columns, m = 1
Hole diameter, dh = 1 in



Hole length, lh = 1 in
Total length of bolt group, stotal = 9 in
Gross shear area, Agv = tpl  stotal + Lev

  = 0.375  9 + 1.5
  = 3.9375 in2

Net shear area, Anv = tpl  stotal + Lev  - tpl  n - 0.5   dh

  = 0.375  9 + 1.5  - 0.375  4 - 0.5   1
  = 2.625 in2

Gross tensile area, Agt = tpl  scol  m - 1 + Leh

  = 0.375  5  1 - 1 + 1.5
  = 0.5625 in2

Net tensile area, Ant = tpl  scol  m - 1 + Leh  - tpl  m - 0.5   lh
  = 0.375  5  1 - 1 + 1.5  - 0.375  1 - 0.5   1
  = 0.375 in2

Reduction coefficient, Ubs = 1
Shear yield load, Rgv = 0.6  Fy  Agv

  = 0.6  50  3.9375
  = 118.125 kips

Shear rupture load, Rnv = 0.6  Fu  Anv

  = 0.6  65  2.625
  = 102.375 kips

Tension load, Rt = Ubs  Fu  Ant

  = 1  65  0.375
  = 24.375 kips

Nominal block shear capacity, Rn = min Rgv,Rnv  + Rt

  = min 118.125,102.375 + 24.375
  = 126.75 kips

 = 0.75
Shear capacity =   Rn

  = 0.75  126.75
  = 95.0625 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
95.1

  = 0.630915
95.1 kips  60 kips  (OK)
0.631  1  (OK)



Connection yield stress, Fy,conn = 50 ksi
FS connection thickness, tfs = 0 in
NS connection thickness, tns = 0.375 in
FS connection depth, dfs = 0 in
NS connection depth, dns = 12 in
Gross shear area, Agv = dns  tns + dfs  tfs

  = 12  0.375 + 0  0

  = 4.5 in2

 = 1
Shear capacity =   0.6  Fy,conn  Agv

  = 1  0.6  50  4.5
  = 135 kips

Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
135

  = 0.444444
135.0 kips  60 kips  (OK)
0.444  1  (OK)

Fu,conn = 65 ksi
Plate yield stress, Fy,p = 50 ksi
Bolt row spacing, s = 3 in
Bolt rows, n = 4
Number of connection sides, N = 1
Plate thickness, tpl = 0.375 in
Connection depth, dpl = 12 in
Eccentricity in x-direction, ex = 2.5 in
Hole diameter, dh = 1 in

Steel modulus of elasticity, E = 29000 ksi
Unbraced Length, Lb = ex

  = 2.5 in

Plastic section modulus, Z = 
tpl  dpl

2

4

  = 0.375  122

4
  = 13.5 in3



Elastic section modulus, S = 
tpl  dpl

2

6

  = 0.375  122

6
  = 9 in3

Plastic bending moment, Mp = 
Fy,p  Z

12

  = 50  13.5
12

  = 56.25 kip  ft

Mp = 56.25 kip  ft   
1.5  Fy,p  S

12
 = 1.5  50  9

12
 = 56.25 kip  ft  

Lb  dpl

tpl
2

 = 2.5  12
0.3752

 = 213.333  > 0.08  E
Fy,p

 = 0.08  29000
50

 = 46.4  

Lateral-torsional buckling modification factor, Cb = 1.84
Lb  dpl

tpl
2

 = 2.5  12
0.3752

 = 213.333   1.9  E
Fy,p

 = 1.9  29000
50

 = 1102  

Flexural yield moment, My = 
Fy,p  S

12

  = 50  9
12

  = 37.5 kip  ft

Nominal flexural strength, Mn = min Cb  1.52 - 0.274  
Lb  dpl

tpl
2

  
Fy,p

E
  My,Mp

  = min 1.84  1.52 - 0.274  2.5  12
0.3752

  50
29000

  37.5,56.25

  = 56.25 kip  ft
 = 0.9

Gross moment capacity, Mn,gross = N    Mn

  = 1  0.9  56.25
  = 50.625 kip  ft

 = 0.75
Bending stress, Fb =   Fu,conn

  = 0.75  65
  = 48.75 ksi

Total length of bolt group, stotal = 9 in

Row edge distance top, Le,top = 
dpl - stotal

2



  = 12 - 9
2

  = 1.5 in
Row edge distance bottom, Le,bot = Le,top

  = 1.5 in
Bolt row spacing, s = 3 in

Net plastic section modulus, Zx,net = 
tpl  s - dh   n2  s

4

  = 0.375  3 - 1  42  3
4

  = 9 in3

Bolt row spacing, s = 3 in

Deduction of net section modulus due to the bolt holes, Sdeduct = 

s2  n  n2 - 1   tpl  dh

6

dpl

  = 

32  4  42 - 1   0.375  1
6

12

  = 2.8125 in3

Net elastic section modulus, Sx,net = 
tpl  dpl

2

6
 - Sdeduct

  = 0.375  122

6
 - 2.8125

  = 6.1875 in3

Zx,net = 9 in3   1.5  Sx,net = 1.5  6.1875 = 9.28125 in3  

Net moment capacity, Mn,net = 
N  Fb  Zx,net

12

  = 1  48.75  9
12

  = 36.5625 kip  ft, Reference: (9-8)

Shear capacity = 
min Mn,gross, Mn,net

ex
  12

  = min 50.625,36.5625
2.5

  12

  = 175.5 kips
Applied member shear, Va = 60 kips

Unity = Va

Shear capacity

  = 60
175.5



  = 0.34188
175.5 kips  60 kips  (OK)
0.342  1  (OK)

This beam depth, d = 23.6 in
This beam web thickness, tw = 0.395 in
This beam yield stress, Fy = 50 ksi
Other beam depth, ds = 23.7 in
Other beam web thickness, tw,s = 0.415 in
Other beam yield stress, Fy,s = 50 ksi

Applied member shear, Va = 60 kips
 = 1

Allowable shear stress, Fv =   0.6  Fy

  = 1  0.6  50
  = 30 ksi

Web shear area, Aw = d  tw
  = 23.6  0.395

  = 9.322 in2

Unity = Va

Fv  Aw

  = 60
30  9.322

  = 0.214546
Shear capacity = Fv  Aw

  = 30  9.322
  = 279.66 kips

Beam gross shear, Vg = Shear capacity
  = 279.7 kips

This beam unity ratio, U = Unity
  = 0.214546

Applied member shear, Va = 60 kips
 = 1

Allowable shear stress, Fv =   0.6  Fy,s

  = 1  0.6  50
  = 30 ksi

Web shear area, Aw = ds  tw,s

  = 23.7  0.415



  = 9.8355 in2

Unity = Va

Fv  Aw

  = 60
30  9.8355

  = 0.203345
Shear capacity = Fv  Aw

  = 30  9.8355
  = 295.065 kips

Other beam gross shear, Vg,s = Shear capacity
  = 295.1 kips

Other beam unity ratio, Uo = Unity
  = 0.203345

Unity = max U,Uo

  = max 0.214546,0.203345
  = 0.214546

Shear capacity = min Vg, Vg,s

  = min 279.7,295.1
  = 279.7 kips

279.7 kips  60 kips  (OK)
0.215  1  (OK)






	Table of contents
	Ex. II.A-20 [4] at X=125-0, Y=75-0 Elev=-11 7/8
	2D detail TOP SIDE VIEW
	2D detail Section A
	Beam B_8 [7]
	Design method
	Overview
	Section properties
	Design summary
	Right end


	B_8 [7] Connection strength check: RIGHT END
	Member end summary
	Connecting nodes
	Node 1

	Factored loads
	Design load notes

	Connection summary
	
	Connection details
	Connection design lock summary

	Expanded design calculation
	Bolt bearing on web plate(s) (20). Reference J3.11
	Interior bolt capacity
	Edge bolt capacity

	Bolt bearing on beam web (20). Reference J3.11
	This beam
	Interior bolt capacity
	Edge bolt capacity

	Other beam
	Interior bolt capacity
	Edge bolt capacity


	Bolt shear of web bolts (3). Reference J3.7, J3.9
	Shear rupture of web plate(s) (21). Reference J4.2
	Block shear rupture of web plate(s) (6). Reference J4.3
	Shear yielding of web plate(s) (15). Reference J4.2
	Flexure of web plate(s) (19). Reference F11
	Gross moment capacity
	Net moment capacity

	Shear yielding of beam web (2). Reference G2.1
	This beam
	Other beam



	Beam B_7 [8]
	Design method
	Overview
	Section properties
	Design summary
	Left end


	B_7 [8] Connection strength check: LEFT END
	Member end summary
	Connecting nodes
	Node 1

	Factored loads
	Design load notes

	Connection summary
	
	Connection details
	Connection design lock summary

	Expanded design calculation
	Bolt bearing on web plate(s) (20). Reference J3.11
	Interior bolt capacity
	Edge bolt capacity

	Bolt bearing on beam web (20). Reference J3.11
	This beam
	Interior bolt capacity
	Edge bolt capacity

	Other beam
	Interior bolt capacity
	Edge bolt capacity


	Bolt shear of web bolts (3). Reference J3.7, J3.9
	Shear rupture of web plate(s) (21). Reference J4.2
	Block shear rupture of web plate(s) (6). Reference J4.3
	Shear yielding of web plate(s) (15). Reference J4.2
	Flexure of web plate(s) (19). Reference F11
	Gross moment capacity
	Net moment capacity

	Shear yielding of beam web (2). Reference G2.1
	This beam
	Other beam




	Results summary
	Beam Splice Plates on right end of Beam B_8 [7]
	Limit state summary
	Connection strength
	Notes and conclusions

	Beam Splice Plates on left end of Beam B_7 [8]
	Limit state summary
	Connection strength
	Notes and conclusions




