BoltGroup Verification Manual

This following document compares BoltGroup analysis results with the tabulated method provided in ATSC.
Tables 7-7 through 7-14 employ the instantaneous center of rotation method for the bolt patterns and
eccentric conditions indicated, and inclined loads at 0°, 15°, 30°, 45°, 60°, and 75°. The tabulated hon-
dimensional coefficient, C, represents the number of bolts that are effective in resisting the eccentric shear
force.

$R, = pCxr,

where

C = tabular value

rn = hominal strength per bolt, kip
$=0.75

Example 1

Determine available strength of bolt group connection with five bolts in each of two vertical rows (2 x 5).
Vertical bolt spacing S = 3 inches, horizontal bolt spacing 3 inches, 7/8" diameter A325N bolts are loaded in
shear, ¢,r, = 21.6 kip (Table 7-1). The in-plane resultant force P = 70 kips is inclined 30° and applied with
eccentricity e, = 10 inches.

a) Using BoltGroup spreadsheet ¢R, = 83.48 kips

b) Using AISC table 7-8

C(e,=10", 5=3", n=5) = 3.87

¢R, = ¢Cr, = 3.87(21.6) = 83.59 kips

c) BoltGroup Deviation = (83.59-83.48)/83.59 = 0.13%

Example 2

Determine available strength of bolt group connection with nine bolts in each of two vertical rows (2 x 9).
Vertical bolt spacing S = 6 inches, horizontal bolt spacing 3 inches, 7/8" diameter A325N bolts are loaded in
shear, ¢,r, = 21.6 kip (Table 7-1). The in-plane resultant force P = 140 kips is inclined 30° and applied with
eccentricity e, = 28 inches.

a) Using BoltGroup spreadsheet ¢R, = 172.60 kips

b) Using AISC table 7-8

C(ex=10", 5=3", n=5) = 7.99

dR, = ¢Cr, = 7.99(21.6) = 172.58 kips

c) BoltGroup Deviation = (172.58-172.60)/172.58 = -0.01%
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ECCENTRICALLY LOADED BOLT GROUP ANALYSIS

The following calculations comply with AISC Manual 13th Edition

Units:
Applied Forces Force Resultant: Total force Pu=  70.00 kip
Start Location Directior| Value Px =XPcos(B) = -35.00 kip
X Y B P Py =2Psin(B) = -60.62 kip
in in deg kip B = -120.00 deg
10 of -120 70 Moment about CG , Mcg = -606.22 kip-in

Eccentricity to CG, € = M¢g/Py = -8.66 in
Xp = Xc+e*sin(B) = 7.500 in
Yp = Yc-e*cos(B) = -4.330 in

Bolt Group: Nbolts = 10 (< 100)
Center Gravity (CG) Instantaneous Center (IC)
Xe = 0in Xic = -1.71248 in
Ye= 0in Yic= 1.55371 in

Bolt group shear capacity:
LRFD method: ¢P =| 83.48 kip > =70 OK

Elastic method: ¢P =[ 63.22 kip < 70 N.G. Solved !
Add torque =|:|kip-in
Bolt type:{A325N SH, 7/8" Dia. |
jolt capacity ¢Rn = 21.6|kip
8 -
Bolt Location
Bolt No| X Y
<=100) in in ® 6 ®
1 -1.5 6
2 -1.5 3 44
3 -1.5 0 PY PY
4 15 -3 5
5 -1.5 -6 A
6 15 -6 IC
7 1.5 6 r T . 4 X ee . T T T T 1
8 15 3 -4 -2 2 4 6 8 10 12
9 15 0 -2 4
10 15 -3 Y Y
Px
-4
® 64 [ ]
8 - P y
-10 4
=>é=Resultants ===== Applied Forces
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The following calculations comply with AISC Manual 13th Edition
Units:
Applied Forces Force Resultant: Total force Pu=  140.00 kip
Start Location Directior| Value Px =XPcos(B) = -70.00 kip
X Y B P Py =2Psin(B) = -121.24 kip
in in deg kip B = -120.00 deg
28 of -120 140 Moment about CG , Mcg = -3394.82 Kip-in
Eccentricity to CG, € = Mcg/Py =  -24.25 in
Xp = Xc+ e*sin(B) = 21.000 in
Yp = Yc-e*cos(B) = -12.124 in
Bolt Group: Nbolts = 18 (<100)
Center Gravity (CG) Instantaneous Center (IC)
Xc = 0in Xic = -5.96291 in
Yc = 0in Yic= 6.3331in
Bolt group shear capacity:
LRFD method: ¢P =| 172.60 kip > = 140 OK
Elastic method: ¢P =[ 126.43 kip < 140 N.G. Solved !
Add torque =|:|kip-in
Bolt type:{A325N SH, 7/8" Dia. |
jolt capacity ¢Rn = 21.6|kip
Bolt Location 07
Bolt No| X Y
<= 100 in in o e
1 -1.5 24 20 4
2| 15| 18 o
3 -1.5 12
4| -15 6 o®
5 -1.5 0
6| -15 -6 A e|e
d | ) Ic
8| -15 -18 - - X @S - - - -
9 15 24 -20 -10 10 20 30 40
10 1.5 24 o0
11| 15 18 104 Px
12 1.5 12 [ AN J
13 1.5 6
14 1.5 0 [ AN J
15 15 -6 -20 1
16 15 -12 o0
17| 15| -18 P y
18 15 24 .30
=== Resultants ===== Applied Forces




Table 7-8 (continued)
Coefficients C for Eccentrically Loaded Bolt Groups

B e ]

Angle = 30°
Available Strength of a bolt group, | where
¢R, or R /Q, is determined with P = required force, P, or P, kips
R=Cxr r, = nominal strength per bolt, kips PR N ;
g ? e = eccentricity of Pwith respect ~ “Y_.__ & | : |
¢ =075 £2=2.00 to centroid of bolt group, in. L i
ar (not tabulated, may be w .
"_WD“_‘T determined by geometry) “ _:@_7 e
P QP 6, = horizonta.l Gomponent of g in. | 0 ]
mm:# = s = bolt spgcmg, in. (I —
n i C = coefficient tabulated below
. . Number of Bolts in One Vertical Row, n
s,in. | e, in,
1 2 3 4 5 6 7 8 9 10 11 12

| 097 | 260 | 452 | 6.54
0751 212 | 383 | 571
062 | 178 | 3.29 | 4.99

2 106 | 127 | 147 | 167 | 188 | 208 | 228
3

4

5 052 | 1.53 | 2.85 | 4.39

6

7

8

975 | 11.8 | 13.9 [ 159 | 18.0 | 20.0 | 221
887 | 109 | 13.0 | 151 | 17.1 | 19.2 | 21.3
8.06 | 10.0 | 121 | 141 | 16.2 | 183 | 204
7331923 { 112 { 132 | 153 | 17.3 | 194

B?D 8.51 1 104 | 124 | 144 | 164 | 185 |
6.14 | 7.86 | 968 | 116 | 136 | 156 | 176
566 | 7.28 | 9.02 | 109 [ 128 | 147 | 167
524 | 6.77 | 843 | 10.2 } 120 | 13.9 | 159
12 025 | 075 | 141 | 2.27 454 | 592 | 743 | 9.04 | 10.8 | 125 | 144

14 0.22 | 0.65 | 1.23 | 1.98 399 | 524 | 6.61 | 8.09 | 967 | 11.4 | 131
16 019 [ 058 { 1.08 { 1.76 | 2.60 | 3.56 | 4.69 | 594 | 7.30 | 8.77 { 10.3 | 120
18 017 | 052 | 097 | 158 | 234 | 3.21 | 424 | 538 | 6.64 | 80 | 945 | 11.0
20 016 | 047 ; 088 | 143 | 212 | 292 | 3.87 | 492 | 608 | 7.3 | 870 | 101
24 013 | 039 | 0.74 | 121 | 1.79 | 248 | 329 | 418 | 519 | 63 | 7.48 | 875
28 012 | 034 | 064 | 1.04 | 155 | 214 | 285 | 3.63 | 452 | 55 | 6.54 | 768
32 010 | 030 | 056 | 092 | 1.36 | 1.89 | 251 | 3.21 | 400 | 49 | 581 | 6.83
| 36 009 | 026 | 050 | 082 | 1.21 | 169 | 225 | 2.87 | 359 | 44 | 522 | 6.15
2 097 | 320 | 531 | 737 { 939 | 114 | 134 [ 154 | 17.4 | 194 | 21.3 | 233
3 075} 275 | 486 | 695 | 9.01 | 111 | 131 { 151 | 171 | 191 | 211 | 231
4 062 | 239 | 442 | 649 | 857 | 106 | 127 | 147 | 168 | 18.8 | 20.8 | 228
5 052 | 210 | 402 | 604 | 811 | 102 | 123 | 143 | 164 | 184 | 204 | 225
6 045 | 1.87 | 367 | 561 | 766 | 973 | 118 | 139 | 16.0 | 18.0 | 20.1 | 221
7

8

045 | 1.34 | 251 | 3.89
040 | 119 | 223 | 3.48
0.36 | 1.07 | 2.00 | 3.15

g 032 | 097 | 1.81 | 287
10 030 | 0.88 | 1.66 | 2.64

040 | 169 | 336 | 521 | 721 | 927 | 114 | 134 | 1565 | 176 | 196 | 217
036 153 | 3.08 | 484 | 6.79 | 882 | 109 ; 13.0 | 151 | 17.1 | 19.2 | 213

9 032 | 140 ( 284 | 451 | 640 | 839 | 104 | 125 | 146 | 16.7 | 187 | 208
10 030 | 1.29 | 263 | 421 | 6.04 | 798 | 9.99 | 120 | 141 | 16.2 | 183 | 204
6 12 025 | 112 | 228 | 370 | 533 | 723 | 9.16 | 11.2 | 132 | 1563 | 17.3 | 194
14 022 } 098 | 200 | 329 | 486 | 657 | 841 | 103 | 123 | 144 | 16.4 | 185
16 019 | 0.87 | 1.78 | 295 | 440 | 601 | 775 { 96 | 115 | 135 | 155 | 176
18 017 | 079 | 160 | 268 | 402 | 552 | 717 | 89 | 108 7 | 147 | 167
20 0.16 { 0.71 | 1.45 | 245 | 370 | 509 | 665 | 83 | 101 ;10 13.9 1 159
24 013 |} 060 | 1.23 | 208 | 317 | 439 | 579 | 73 | 895/ 10.7 | 125 | 144
28 012 | 052 | 1.06 | 1.82 | 277 | 385 | 511 | 65 @ 9.58 | 11.3 | 13.0
32 010 | 046 | 093 | 161 | 245 | 342 | 456 | 658 | 720 | 868 | 10.3 | 11.9
36 0.09 | 041 | 083 | 144 | 220 | 3.08 | 412 | 53 | 653 | 7.91 | 937 | 109

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.




Example 3

Determine available strength of bolt group connection with three bolts in each of three vertical rows (3 x 3).
Vertical bolt spacing S = 6 inches, horizontal bolt spacing 6 inches, 7/8" diameter A325N bolts are loaded in
shear, ¢,r, = 21.6 kip (Table 7-1). The in-plane resultant force P = 100 kips is inclined 75° and applied with
eccentricity e, = 20 inches.

a) Using BoltGroup spreadsheet ¢R, = 132.85 kips
b) Using AISC table 7-12

C(e,=20", S5=6",n=3)=6.15

dR, = ¢Cr, = 6.15(21.6) = 132.84 kips

c) BoltGroup Deviation = -0.0075%
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| ECCENTRICALLY LOADED BOLT GROUP ANALYSIS

The following calculations comply with AISC Manual 13th Edition

Units:
Applied Forces Force Resultant: Total force Pu = 80.00 kip
Start Location Directior| Value Px =XPcos(B) = -77.27 kip
X Y B P Py =2Psin(B) = -20.71 kip
in in deg kip B = -165.00 deg
20 of -165 80 Moment about CG , Mg =  -414.11 Kip-in
Eccentricity to CG, € = M¢g/Py = -5.18 in
Xp = Xc+ e*sin(B) = 1.340 in
Yp = Yc-e*cos(B) = -5.000 in
Bolt Group: Nbolts = 9 (< 100)
Center Gravity (CG) Instantaneous Center (IC)
Xc = 0in Xic = -2.11599 in
Yc = 0in Yic= 7.67525 in

Bolt group shear capacity:
LRFD method: ¢P =| 132.85 kip > = 80 OK

Elastic method: P =[ 105.08 kip > =80 OK Solved !
Add torque =|:|kip-in
Bolt type:{A325N SH, 7/8" Dia. |
jolt capacity ¢Rn = 21.6|kip
15 -
Bolt Location
Bolt No| X Y
<= 100 in in
1 -6 6 10
2 -6 0 A
3 -6 -6
al o s e o o
5 -
5 0 0
6 0 -6
7 6 6
8 6 0 T @ 6-X-€6 @ T T |
10 5 5 10 %0 25
9 6 -6 x

-10 4

-15 4
=== Resultants ===== Applied Forces




Table 7-12 (continued)

5 Coefficients C for Eccentrically Loaded Bolt Groups

Angle = 75°
: Available Strength of a bolt group, | where
oA, or R /Q, is determined with P = required force, P, or P, kips é ‘\
R,=Cxr, r, = nominal strength per bolt kips T L (: T~ p
_ e = eccentricity of P with respect - —- |
=075 Q=200 to centroid of bolt group, in. T z;, i ‘X
or (not tabulated, may be 7“?
: LRFD ASD determined by geometry) ~$ @ G-
c P, ; P, ? = Eglrtlz;pn;il:nzor::]ponem of g in. | |
min= g mn =, = » B | 12
9y "o C = coefficient tabulated below o '
. . Number of Bolts in One Vemcalrﬁow,
{sin. le,in.
; 1 2 3 4 5 6 7 8 9 10 1 12
2 292 | 583 | 873 | 116 | 145 | 174 | 203 | 231 26.0 | 289 | 318 | 347
3 289 | 577 | 863 | 115 | 143 | 17.2 | 200 | 228 | 25.7 | 285 | 314 | 342
4 286 | 570 | 851 | 11.3 | 141 16.9 | 19.7 | 225 | 253 | 28.1 309 | 337
5 282 1 561 | 838 | 111 | 139 | 166 | 194 | 221 | 249 | 277 | 305 | 333
6 277 1 551 | 823 | 109 | 136 | 163 | 19.0 { 21.8 | 245 | 272 | 30.0 | 328
7 272 | 540 | 806 | 10.7 | 134 | 16.0 | 187 | 21.4 | 241 | 26.8 | 29.6 | 32.3
8 266 | 529 | 789 | 105 | 13.1 | 157 | 183 | 21.0 | 237 | 264 | 291 | 319
9 260 | 516 | 7.71 | 103 | 128 | 154 | 180 } 206 | 23.3 | 26.0 | 28.7 | 314
3 10 253 | 504 | 753 | 100 | 126 | 151 | 17.7 | 20.3 | 229 | 256 | 283 | 31.0
12 240 | 478 | 716 | 957 | 12.0 | 145 | 17.0 | 196 | 221 | 248 | 274 | 301
14 226 | 452 | 680 | 912 | 115 | 139 | 164 | 189 | 214 | 240 | 266 | 29.3
16 213 | 427 | 645 | 868 | 110 | 13.3 | 158 | 18.2 | 20.7 | 23.3 | 259 | 285
18 200 | 403 { 612 | 827 | 105 1 128 | 152 | 176 | 20.1 | 226 | 251 | 277
20 189 | 381 | 580 | 7.88 | 10.1 | 123 | 146 | 17.0 | 194 | 21.9 | 244 | 270
24 1.67 | 3.41 524 { 718 } 922 | 114 | 136 | 159 | 182 | 20.7 | 231 | 256
28 149 | 3.06 | 475 | 656 | 849 | 105 | 126 | 149 | 171 | 195 | 21.9 | 243
32 134 | 277 | 433 | 602 | 784 | 977 | 118 | 139 | 161 | 184 | 20.7 | 231
36 121 ] 252 | 397 | 556 | 727 | 910 | 111 | 131 | 152 | 174 | 197 | 220
2 292 | 582 | 871 | 116 | 145 | 174 | 203 | 235 | 264 | 293 | 323 | 35.2
3 289 | 576 | 860 | 11.4 | 143 | 171 | 20.0 | 229 | 258 | 28.7 | 31.7 | 34.6
4 286 | 568 | 847 | 113 | 141 | 169 | 198 | 226 | 255 | 284 | 31.3 | 34.2
5 282 | 559 | 834 | 11.1 ) 139 ) 167 | 195 | 224 | 252 | 28.1 | 31.0 | 339
6 277 | 549 | 8.19 | 10.9 | 13.7 | 164 | 192 | 221 | 249 | 278 | 30.7 | 336
7 272 | 539 | 804 | 10.7 | 134 | 162 | 19.0 | 218 | 246 | 275 | 304 | 333
8 266 | 527 | 789 | 105 | 132 | 160 | 188 | 216 | 244 | 27.2 | 30.1 | 33.0
9 260 | 516 | 7.74 | 104 | 13.0 | 158 | 185 | 21.3 | 241 27.0 | 29.8 | 327
10 253 1 504 | 758 | 102 | 128 | 155 | 183 | 21.0 | 239 | 26.7 | 295 | 324
12 240 | 4.81 7.27 | 9.81 3 2.4 | 151 | 178 | 206 | 23.3 | 26.2 | 29.0 | 31.8
14 226 | 457 | 6.97 ﬂ9.471 2.0 | 147 1 174 | 201 | 229 | 256 | 284 | 313
16 213 | 4.35 913 | 11.7 | 143 | 169 | 196 | 224 | 25.1 | 279 | 30.7
18 200 | 4.13 882 | 113 | 139 | 165 | 192 | 219 | 247 | 274 | 30.2
20 1.89 | 393 851 | 110 | 135 | 16.1 | 188 | 215 | 242 | 27.0 | 298
24 1.67 | 3.57 795 | 104 | 129 | 154 | 180 | 20.7 | 234 | 261 | 288
28 149 | 325 744 | 977 | 122 | 147 | 173 | 199 | 226 | 253 | 280
32 1.34 | 2.97 698 | 923 | 116 | 141 | 166 | 192 | 21.8 | 245 | 27.2
36 1.21 | 273 6.56 | 874 | 11.1 | 135 | 16.0 | 185 | 211 | 23.7 | 264




