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A, =0.002b(t or h)

slab (60 ksi): A, =0.0018b(t or h)
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Support or Connection Reaction /_
g g j / o

Rollers Rocker Frictionless t

surface
L N ~— 25%
Short cable Short link
Frictionless pin Rough surface I 75%
or hinge
- 25%
Fixed support

Reference Beam Diagrams

SYMMETRICALLY PLACED

9. SIMPLE BEAM—TWO EQUAL CONCENTRATED LOADS

R4

v,[ ]

-

I Total Equiv. Uniformload . . . . . = 8_;’:
<—x$| P P
" & R=V o e oe w Ge & e e et e P
a- M max.(between Ioads) e o o s ¢ = Pa
? ””l Mx (whenx<a) e« o o o = Px
sh ‘l'
T | I I I I Y Amax. (at center) i = —2% (312 —4az2)
Minex Ax (when x < a) - ?PEXT (3/a—3az —x2)
Moment Ax (when x> aand < (I—a)) P —GPEiI (3Ix —3x2 —a2)
12. BEAM FIXED AT ONE END, SUPPORTED AT OTHER —

UNIFORMLY DISTRIBUTED LOAD

Total Equiv. Uniform Load
Ri=V;: .
/ég 1 1

R, Rz = Va max.
U vy

M max. .

Shear

3
<—Bl—;

>
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M.

Mx
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Amax. (atx = 1—‘6- (14+v33) = .421 51) )

| Ax .

= wl
3wl
8
_ 5wl
T8
= H1 - WX
wi2
8
‘“1%3"“’"
wx2
= Rix——z——
_ wl4
~ 185EI
w

x
= Z8ET (13 —3Ix2 4 2x3)
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Final Examination Reference

Reference Diagrams

Table 7-1
Available Shear
Strength of Bolts, kips

Nominal Bolt Diameter, d, in. 518 s s 1
Nominal Bolt Area, in2 0.307 0.442 0,601 0.785
ASTM | Thread ?'k':,ff 3,';",; Load- | W/ | O | IR | 0% | BIQ | 06 | Wi | on
Desig. | Gond. ing
ASD | LRFD ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
S | 820] 124 | 110 | 179 | 162 | 243 | 212 | 318
Gowp | M [ ZO[O5 | o |65 | 249 | 239 | 358 | 325 | 487 | 424 | 636
A S 104 | 15.7 15.0 | 225 | 204 | 30.7 | 26.7 | 40.0
X | 30050 | 5 fa09 | 313 [ 501|451 | 409 613 | 534 | 80
S | 104 | 157 | 150 | 225 | 204 | 307 | 267 | 400
Group No | 301510 | o | ong | 313 |30 | 451 | 409 | 613 | 534 | 8o
B S | 129 | 193 [ 188 | 27.6 | 252 | 370 | 33.0 | 495
X[ 420|830 | | acg | 387 | 371 | 557 | 505 757 | es9 | 989
S 4.14| 6.23| 597| 897 811|122 106 | 159
AS07 B 181203 [ p 829] 125 | 11.9 | 17.9 | 162.| 244 | 212 | 319
Nominal Bolt Diameter, d, in. 1 1, 135 1
Nominal Bolt Area, in.2 0.994 123 1.48 177
Q
ASTM | Thread j:‘::i] 3(?!; Load- | MR | O | WIQ | o | WIQ | on | MIQ | on
Desig. Cond. ing
ASD | LRFD ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD |LRFD
N | 270 |05 | S | 28| %3 [332] 408 400|509 | 478|717
Group 01995 p | 537|005 | 664|006 | 799 [120 | 956 |43
A S | 338 | 507 | 418 | 627 | 503 | 755 | 602 | 903
X[ 305100 o gz |01 | 836 125 |101 151|120 |t
S | 338 | 507 | 418 | 627 | 503 | 755 | 602 | %03
Group N 30050 g L gs hor | sas 125|101 [1s1 |120 |1st
B S | 417 | 626 | 517 | 775 | 622 | 932 | 743 |112
X | 420 [830 | b | g5 155 |10 [155 [|124 |186 |14 |223
S | 134 | 202 | 166 | 250 | 200 | 300 | 239 | %58
A7 185 1203 | o | 965 | 04 | 332 | 499 | 400 | 601 | 478 | 719

ASD LRFD | For end loaded connections greater than 38 in., see AISC Specification Table J3.2 footnote b,

Q=200|6¢=075
Awvailable Strength of Fillet Welds
per inch of weld (¢S)
Weld Size E60XX E70XX
(in.) (kf/in.) (kfin.)
Hs 3.58 4.18
Ya 4.77 5.57
Ae 5.97 6.96
% 7.16 8.35
U 8.35 9.74
Y 9.55 11.14
% 11.93 13.92
Y 14.32 16.70

(not considering increase in throat with

submerged arc weld process)
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TABLE 13.6 Areas Provided By Spaced Reinforcement
fat . Area Provided (in.”/ft width)
Spacing n
() No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No. 10 No.ll v
L s
3 044 080 124 176 240 316 4.00 & Sy -y
35 038 069 106 151 206 271 343 435 o T g 5 y
4 033 060 093 132 180 237 300 381 468 Y 4 N P
45 029 053 08 117 160 211 267 339 416 lf 2o ] § o
5 026 048 074 106 144 189 240 305 374 3 H L Y ¢
5.5 024 044 068 096 131 172 218 277 340 ] el “| o 8 »
6 022 040 062 088 120 158 200 254 312 *;i e ER % "
7 019 034 053 075 103 135 171 218 267 (52 . S @A
8 0.16 030 046 066 090 118 150 190 234 a it S woob
9 015 027 041 059 080 105 133 169 208 i3 s v
10 013 024 037 053 072 095 120 152 187 Qf e . i
) 012 022 034 048 065 08 109 138 170 3t~ i
12 011 020 031 044 060 079 100 127 156 =~ se . . . ‘e -
13 010 018 029 040 055 073 092 117 144 . - . e
14 009 0.7 027 038 051 068 08 109 134 # 3 R f ey
15 009 0.6 025 035 048 063 080 101 125
16 008 0.5 023 033 045 059 075 095 117 '
18 007 013 021 029 040 053 067 085 1.04 DURATION OF LOAD (Time)
2% 005 010 015 022 030 039 050 063 078
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[ T 1 B P | — | Integral
< | | S == withg
Simple Wl 2 02 S
Support —~uZn Wulp Wufh upport
" 16 14 1.1
End Span Interior Span End Span
Figure 2-3 Positive Moments—All Cases
i In In In
I —— T e —
Integral
 — | - | ~ | with
gimple i w 1 L2 Support
upport . *
PRO wufZ wy /2 wulg Wufg wuld Spandrel
10 1 11 10 24 Support
2 @ Col
wulh Wulf olumn
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Figure 2-4 Negative Moments—Beams and Slabs
1
L In o le In J e In
I o [
{_} 1 l__J | Integral
Simple g::gpo s
Support wu 3 wuld wyf3 wyl? wyf3 L
: 12 12 12 12 12
Figure 2-5 Negative Moments—Slabs with spans < 10 ft
e In ) In
-
Wu f% Wufn2 Wu[zn Wu[n2 Wuezn Wuezn
12 12 12 12 12 12
Figure 2-6 Negative Moments—Beams with Stiff Columns (XK /ZK} > 8)
T
i In J ol In o le In
" R i T
[ T 1 Jl—} - |Integral
Simple Wufn 1.15wyln Wuln Wu/n 1.15wyln Wufn Tl g::h it
Support 2 2 2 2 2 2 BB
dul
End Span Interior Span End Span

Figure 2-7 End Shears—All Cases
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Table 14 Column Stability Factor C,,.

S2013abn

15

"G || E'=GCpe F¥ Fe = m’i for sawed posts Fop = %:)% for glu-lam posts
ﬁSaedGlLa ﬁSaedGlLal'l\ F—CESaedGll.am ’IﬁSedGlLam
o Saw u-Lam v Saw u- Fot u- Fr Saw u-

CP CP C’ C’ CF CF C’ CP
0.00 0.000 0.000 040 0360 0377 0.80 0.610 0.667 120 0750 0.822
0.01 0.010  0.010 041 0367 0386 0.81 0614 0.672 122 0755 0.826
002 0020 0.020 042 0375 0.39% 0.82 0619 0.678 124 0760 0.831
003 0030 0.030 043 0383 0403 0.83 0.623  0.683 1.26 0764 0.836
0.04 0040 0.040 044 0390 0411 0.84 0.628  0.688 128 0769 0.840
005 0049 0.050 045 0398 0.420 0.85 0.632 0.693 1.30 0.773 0.844
0.06 0059 0.060 046 0405 0428 0.86 0.637  0.698 132 0777 0.848
007  0.069 0.069 047 0412 0436 0.87 0641  0.703 1.34 0.781 0.852
008 0079 0.079 048 0419 0444 0.88 0.645 0.708 1.36 0785 0.855
0.09 0.08  0.089 049 0427 0453 0.89 0649 0.713 138 0.789  0.859
010 0.098 0.099 050 0434 0461 0.90 0.653 0.718 140 0793 0.862
0.11 0.107  0.109 0.51 0441 0.469 091 0.658 0.722 142 0796 0.865
012 0117 0.118 0.52 0448 0477 0.92 0.661 0.727 144 0800 0.868
013 0126 0.128 053 0454 0484 093 0.665 0.731 146 0803 0871
014 0136 0138 0.54 0461 0.492 094 0.669 0735 148 0807 0874
0.15 0145 0.147 055 0468 0500 0.95 0.673  0.740 1.50 0810 0.877
0.16  0.154 0.157 056 0474 0.508 0.96 0.677 0.744 1.52 0813 0.879
017 0164 0.167 0.57 0.481 0.515 0.97 0.680 0.748 154 0816 0.882
0.18 0173 0.176 058 0487 0523 0.98 0.684 0.752 156 0819 0884
019 0182 0.186 059 0494 0530 0.99 0.688 0.756 1.58 0822 0.887
020 0.191 0.195 0.60 0500 0538 1.00 0.691  0.760 1.60 0825 0.889
0.21 0.200 0.205 0.61 0506 0545 1.01 0.694 0.764 1.62 0827 0.891
0.22 0209 0214 062 0512 0552 1.02 0.698 0.767 1.64 0830 0.893
023 0218 0.224 0.63 0518 0.559 1.03 0701 0771 1.66 0832 0.895
024 0227 0.233 064 0524 0.566 1.04 0704 0774 1.68 0835 0.897
025 0235 0242 0.65 0530 0573 1.05 0.708 0778 1.70 0837 0.899
026 0244 0252 066 0536 0.580 1.06 0.711  0.781 1.72 0840 0901
027 0253 0.261 067 0542 0.587 1.07 0.714 0.784 1.74 0842 0903
028 0.261 0.270 068 0548 0.593 1.08 0.717  0.788 176 0844 0904
029 0270 0.279 069 0553  0.600 1.09 0720 0.791 1.78 0846 0.906
030 0278 0.288 070 0559 0.607 1.10 0723 0.79%4 1.80 0.849 0908
0.31 0.287 0297 071 0564 0.613 1.11 0726  0.797 1.82 0851 0.909
032 029 0306 072 0569 0.619 1.12 0729  0.800 1.84 0853 0911
033 0304 0315 073 0575 0.626 1.13 0731  0.803 186 0855 0912
034 0312 0324 0.74 0580 0.632 1.14 0734 0.806 1.88 0857 0914
035 0320 0333 0.75 0585 0.638 1.15 0.737  0.809 190 0858 0915
036 0328 0342 076 0.590 0.644 1.16 0.740 0.811 192 0860 0916
037 0336 0.351 077 0595  0.650 1.17 0742 0.814 194 0862 0918
038 0344 0.360 078 0.600 0.655 1.18 0.745 0.817 196 0864 0919
039 0352 0.368 079 0605 0.661 1.19 0.747 0.819 198 0868 0920
(continued)



ARCH 331

Reference Diagrams

Table 14 Column Stability Factor C,.  (Continued)

Final Examination Reference

S2013abn

"c, E'= CP-PC* Fcg = ?‘;—5/%)% for sawed posts Fop = % for glu-lam posts
ﬂ'}; Sawed Glu-Lam F—Ch; Sawed Glu-Lam EE* Sawed Glu-Lam &‘;:, Sawed Glu-Lam
Fc Fe Fc Fe

Gy G G Cy P G G G

2.00 0.867 0.921 240 0.894 0.940 340 0.930 0.962 440 0948 0.972
202 0.869 0.922 245 0.897 0.941 345 0931 0.963 445 0949 0.973
2,04 0870 0.924 250 0.899 0.943 350 0.932 0.963 450 0949 0.973
206 0.872 0.925 255 0901 0.944 355 0.933 0.964 455 0950 0974
2.08 0.874 0.926 260 0904 0.946 3.60 0934 0.965 460 0950 0974
210 0.875 0.927 2.65 0.906 0.947 3.65 0.936 0.965 465 0951 0974
212 0.876 0.928 270 0.908 0.949 3.70 0.937 0.966 470 0952 0975
214 0.878 0.929 275 0910 0.950 3.75 0.938 0.966 475 0952 0.975
216 0.879 0.930 280 0912 0951 3.80 0938 0.967 480 0953 0975
218 0.881 0.931 285 0914 0.952 3.85 0.939 0.968 485 0953 0975
220 0.882 0.932 290 0916 0.953 390 0940 0.968 490 0954 0976
222 0.883 0.932 295 0917 0.954 3.95 0.941 0.969 500 0955 0976
224  0.885 0.933 3.00 0919 0.955 4.00 0.942 0.969 6.00 0963 0.981
226 0886 0.934 3.05 0.920 0.956 4,05 0.943 0.969 8.00 0973 0.986
228 0.887 0.935 3.10 0922 0.957 410 0.944 0.970 10.0 0979 0.989
230 0.888 0.936 3.15 0923 0.958 415 0944 0.970 20.0 0990 0.995
232 0.889 0937 320 0925 0.959 420 0.945 0.971 40.0 0.995 0.997
234 0.891 0.937 3.25 0.926 0.960 425 0.946 0.971 60.0 0.997 0.998
236 0.892 0.938 3.30 0927 0.961 430 0.947 0.972 100.0 0998 0.999
238 0.893 0.939 3.35 0.929 0.961 435 0.947 0.972 200.0 0.999 0.999

Table developed and permission for use granted by Professor Ed Lebert, Dept. of Architecture, University of Washington.

Table 3.7.1
Total Areas for Various Numbers of Reinforcing Bars
Nominal Number of Bars

Bar Diameter Weight

Size (in.) (Ib/ft) 1 2 3 4 5 6 7 8 9 10
#0375 0376 0.1 022 033 044 055 066 077 088 099 110
$#4 0500 0668 020 040 060 080 100 120 140 160 1.80 200
#5 0625 1043 031 062 093 124 155 186 217 248 279 3.10
#6 0750 1502 044 088 132 176 220 264 308 352 396 440
#7 0875 2044 060 120 180 240 300 360 420 480 540 6.00
#8  1.000 2670 079 1.58 237 316 395 474 553 632 71k 790
#9 1128 3400 1.00 200 300 400 500 600 700 800 9.00 10.00
$#10 1270 4303 127 254 381 508 635 762 889 1016 1143 1270
$#11 1410 5313 156 3.12 468 624 780 936 1092 1248 1404 15.60
$14  1.693 765 225 450 675 9.00 1125 1350 1575 18.00 20.25 22.50
$18° 2257 1360 400 800 1200 1600 2000 2400 28.00 3200 36.00 40.00

* 414 and # 18 bars are used primarily as column reinforcement and are rarely used in beams.
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Rectangle

I, = 15bi°
Iy = nbh

{7 1y about
L+ "1 bottom
TR et

Area = bh
X =bl2
Yy =hi2

Triangle

Area = b%

I, = bk’ e b
X =
1, = Lo A
T 1 K3 v—h
| b Iy =5b"h y= A
2
Area= zr? = d A
Circle l = ‘_(-" = ‘117”‘4
Jo =y X=0
y =0
I =0.1098r
2 2
_ ) Area = 5 = 7d A
Semicircle I y= mrt/ 8
X = V = 4r
X=0 y 3
I, =0.0549r¢ -a®/ _md?
I_x Area 4 16
=0.0549r4
e y v = 4r
Quarter circle X Ur
v = 4r
y 3
I = lmab’ Area = 7ab
Ellipse I, = 7a’h B
Jo = iﬂ'ab(a‘ + ) )i =0
y =0

Semiparabolic
area

Parabolic area

I, =16ah® /175

I'y = 4a% /15

<|
n

V%

Parabolic span-
drel

I, =37ah3,/2100

I, =a%,/80

Y =30




