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Fundamental Equations of Mechanics of Materials

Axial Load
Normal Stress
P
°=2
Displacement
B J‘LP(x)dx
o AX)E
PL
5= 7%
6r = aATL

Torsion

Shear stress in circular shaft

Tp
T=—

J

T . .
J = 2 c* solid cross section

J=3(cs—ch)
Power
P=Tw = 2nfT

Angle of Twist

_ (FT(x)dx
¢_L1@M

b= e

Average shear stress in a thin-walled tube

T
tavg = 5

Shear Flow

tubular cross section

Bending
Normal Stress
My
o=——
I
Unsymmetric bending
M M,z I
az—iy+—y, tana = —tan 0
I, L, y
Shear
Average direct shear stress
V
T =—
avg A
Transverse shear stress
VaQ
T=—
It
Shear Flow
vV
== TQ
Material Property Relations
Poisson’s ratio
Elat
vV=—
Elong
Generalized Hooke’s Law
1
Ex = E [Ux - U(Gy + UZ)]
& =% [0y —v(oy + 0,)]
1
=% [0, —v(oy + 0y)]
1 1 1
Yy = ETxy' Yyz = ETyz' Vxz = Efxz
where
c E
S 2(1+v)



Fundamental Equations of Mechanics of Materials

Stress in Thin-Walled Pressure Vessel

Cylinder

Sphere

pr

O-1=O-2=2t

Stress Transformation Equations

Ox t 0y 0xto0y

Ox' = — 5 oS 20 + Ty, sin 20
Tyly! = — Ix % sin 260 + t,,, cos 20
Principal Stress
tan 26, = S
(O’x - Uy)/Z

gy + oy Oy — 0y 2
g2 =~ i\/( > )+T,%y

Maximum in-plane shear stress

o, —0,)/2
xy
Ox —O0y\2 |,
Tmax = ( > ) + Tyy
Ox + 0y
Oqvg = 2

Absolute maximum shear stress

O-max .
Tabs max = - for Gpmax, Omin SAMe sign

Omax — Omin

Tabs max = ———=———f OT Opmax» Omin OPPOSIite Sign

2

Relations between w, V, M

W_ o, M,
dx_wx' dx

Elastic Curve

Buckling
Critical axial load
m2El
P cr — W
Critical stress
w’E

oo = G VA

Secant formula

Energy Methods

Conservation of energy

Strain energy

_NZL

U; = AE constant axial load

Lm2dx
U; =j0 El bending moment

U, = VY idx transverse shear
")y, 2GA

U —fLTzdx torsional ¢
i= . ZG] orsional momen



Geometric Properties of Area Elements

y  ,A=bh

. I
- b g

Rectangular area

1—1bh3 1—1hb3
X 12 Y12

Circular area

! A=9
_t -1
10
zero slope % il JT
a |

Exparabolic area



Average Mechanical Properties of Typical Engineering Materials

U.S. Customary Units

. Modulus Yield Strength | Ultimate Strength % Coefficient of
Specific ; Modulus i s | N, Poisson's T |
o erma
Materials Weight . of Rigidity, (ksi) oy (ksi) o, ?nga. 'on . .
3. | Elasticity, 30 . in2in. Ratio, v | Expansion, a
(Ib/in%) 3., . |G (107) ksi| Tens |Comp|Shear| Tens |Comp|Shear . 6 1o
E (107) ksi specimen (107)/°F
Aluminum  (2014-T6 0.101 10.6 3.9 60 [ 60 | 25 | 68 | 68 | 42 10 0.35 12.8
Wrought Alloys |6061-T6 0.098 10.0 3.7 37 | 37 | 19 | 42 | 42 | 27 12 0.35 13.1
Gray ASTM 20 0.260 10.0 3.9 - - - 26 | 96 - 0.6 0.28 6.7
Cast Iron Alloys
Malleable ASTM A-197 | 0.263 25.0 9.8 - - - 40 | 83 - 5 0.28 6.6
Red Brass C83400 0.316 14.6 5.4 11.4|11.4| - 35 | 35 - 35 0.35 9.8
Copper Alloys
o Bronze C86100 0.319 15.0 5.6 50 [ 50 - 35 | 35 - 20 0.34 9.6
g | VEBNSSHM ) AM 1004-T61 0.066 6.5 2.5 2| 22| - | 40 | 40 | 22 1 0.3 14.3
S Alloy
Structural A-36 0.284 29.0 11.0 36 | 36 - 58 | 58 - 30 0.32 6.6
Structural A992 0.284 29.0 11.0 50 [ 50 - 65 | 65 - 30 0.32 6.6
Steel Alloys :
Stainless 304 0.284 28.0 11.0 30 | 30 - 75 | 75 - 40 0.27 9.6
Tool L2 0.295 29.0 11.0 102 | 102 | - 116 | 116 | - 22 0.32 6.5
Titanium Alloy |Ti-6AI-4V 0.160 17.4 64 |134|134| - | 145|145 - 16 0.36 5.2
Low Strength 0.086 3.20 - - - 1.8 - - - - 0.15 6.0
o Concrete -
= High Strength 0.086 4.20 - - - 5.5 - - - - 0.15 6.0
% Plastic Kevlar 49 0.0524 19.0 - - - - 104 | 70 |10.2 2.8 0.34 -
é Reinforced |[30% Glass 0.0524 10.5 - - - - 13 19 - - 0.34 -
2| Wood Select |Douglas Fir 0017 | 1.90 - - | -1 - To3]378]090 - 0.29 -
Structural Grade|White Spruce 0.130 1.40 - - - - 10.36(5.18 | 0.97 - 0.31 -




Average Mechanical Properties of Typical Engineering Materials

SI Units
Modulus Modul Yield Strength | Ultimate Strength % Coefficient of
. odulus . \
) Density of A (MPa) oy (MPa) o, Elongation|Poisson's |  Thermal
Materials 3 . of Rigidity, . . .
(Mg/m”) | Elasticity, in 50 mm. | Ratio, v | Expansion, a
G GPa | Tens [Comp|Shear| Tens |Comp|Shear . %
E GPa specimen (107)/°C
Aluminum 2014-T6 2.79 73.1 27 414 | 414 | 172 | 469 | 469 | 290 10 0.35 23
Wrought Alloys [6061-T6 2.71 68.9 26 255 | 255 | 131 | 290 | 290 | 186 12 0.35 24
Gray ASTM 20 7.19 67.0 27 - - - 179 | 669 | - 0.6 0.28 12
Cast Iron Alloys
Malleable ASTM A-197 | 7.28 172 68 - - - 276 | 572 | - 5 0.28 12
Red Brass C83400 8.74 101 37 70 [ 70 - 241 | 241 | - 35 0.35 18
Copper Alloys
o Bronze C86100 8.83 103 38 345 | 345 | - 655 | 655 | - 20 0.34 17
g o 1AM 1004-T61 183 | 447 18 | 152|152 | - |276| 276 | 152| 1 0.3 26
S Y
Structural A-36 7.85 200 75 250 | 250 | - 400 | 400 | - 30 0.32 12
Steel Allovs Structural A992 7.85 200 75 345 | 345 | - 450 | 450 | - 30 0.32 12
y Stainless 304 7.86 193 75 207 | 207 | - 517 | 517 | - 40 0.27 17
Tool L2 8.16 200 75 703 | 703 | - 800 [ 800 | - 22 0.32 12
Titanium Alloy |Ti-6Al-4V 4.43 120 44 924 | 924 | - |1000|1000| - 16 0.36 9.4
Low Strength 2.38 22.1 - - - 1.8 - - - - 0.15 11
o Concrete -
= High Strength 2.37 29.0 - - - 5.5 - - - - 0.15 11
% Plastic Kevlar 49 1.45 131 - - - - 717 | 483 | 20.3 2.8 0.34 -
§ Reinforced |30% Glass 1.45 72.4 - - - - 90 | 131 - - 0.34 -
2| Wood Select Douglas Fir 0.47 13.1 - - - - 21| 26 | 6.2 - 0.29 -
Structural Grade |White Spruce 3.60 9.7 - - - - 25| 36 | 6.7 - 0.31 -




Simply Supported Beam Slopes and Deflections

Beam Slope Deflection Elastic Curve
e A (5
_ —PL? S B —pL? v 48E] (3L 4x7)
e 16E1 " 48El 0<x=<L/2
—Pab(L + b
6= (6(EIL : e LS T -
- —Pba( 2 _ bz . 02) 6FIL .
g, _ Pab(L +a) «=a  OEIL Dz g
3 6EIL
Beam Slope Deflection Elastic Curve
ML —~M,L?
= ekl U = —— —M
9\/551 v = _ox(Lz — Xz)
6 =t tx = 0.5774L o
2 = 35 i
v
I- L "Iw —wl? —SwiL?t — WX .3 3
=— = )= ——(x = 2Lx* +L
%x Ome = aEr Ve = "384E] T oy




Simply Supported Beam Slopes and Deflections

Beam Slope Deflection Elastic Curve
| ~5wL* V= (161 — 24Lx* + 9LY)
| i —3wl? v = 268E] 384E1
2 = U= sm s 0=x=L/2
” -‘ : o = ~0.006563 %" —wL o3 ;
L— é\el L l 0, = TwlL: max . £l D= T (8x® — 24Lx
2 e atx = 0.4598L + 17L%x — LY
L/2 =x <L
w13
0! = Tw OL , 0 00652 M"OL“ ‘
— 5 o3 "‘ .
360‘El max El = (31 (31'4 . lOsz" + 7L4)
0, = wol atx = 0.5193L 360EIL
2 7 45EI




Cantilevered Beam Slopes and Deflections

Beam Slope Deflection Elastic Curve
; L s , P’ - Em_
T V= Tem O
o .
v=—@GL-2t) 0=gx=L/2
0 = —PL* _ =5pL° 12E1
mx = Tgpr | U T T4gE _pr?
P = (6x — L) L/2=x=1
48E]
Beam Slope Deflection Elastic Curve
v
] wi.. 3 4 2
11 T —WL' _I'I’L — WX - -
: Orax = v = v = “ —4Lx + 6L~
7 T 6E T RE upr ]
e
i
.a—"'h-." H|:||:|!l;
L i.r ML MyL? Myx?
max Upax = V=
e




Cantilevered Beam Slopes and Deflections

Beam Slope Deflection Elastic Curve
-wx* , , 1,2
- 2 _ oLy + 3L
" v=ag x + 3L
'Um;:: B —Twl. 4 0=xr= Lfl
N O = ggr | U T Sgap wll e 1
v = —
_‘* e 384EI :
Li2=x=1L
0 i L i “MoX” 1083 — 1012k + SLe? = £
max T Togmr | UM T T30Er "= a0eL Rk 2
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Geometric Properties of Structural Shapes

I ¥
_ |
d x X
b
v
by |

Wide-Flange Sections or W Shapes FPS Units

Flange
Web . .
Area | Depth | thickness | width | thickness xoeaxs yTy axis

Designation A d t, b te I S r | S r

in. X |b/ft in? in. in. in. in. int in? in. in in? in.
W24 x 104 | 30.6 24.06 0.500 12.750 0.750 3100 258 10.1 259 40.7 2.91
W24 x 94 27.7 2431 0.515 9.065 0.875 2700 222 9.87 | 109 24.0 1.98
W24 % 84 24.7 2410 0.470 9.020 0.770 2370 196 9.79 94.4 20.9 1.95
W24 x 76 224 23.92 0.440 8.990 0.680 2100 176 9.69 82.5 18.4 1.92
W24 x 68 20.1 23.73 0.415 8.965 0.585 1830 154 9.55 70.4 15.7 1.87
W24 X 62 18.2 23.74 0.430 7.040 0.590 1550 131 9.23 34.5 9.80 1.38
W24 x 55 16.2 23.57 0.395 7.005 0.505 1350 114 9.11 29.1 8.30 1.34
WI8 % 65 19.1 18.35 0.450 7.590 0.750 1070 117 7.49 54.8 14.4 1.69
W18 X 60 17.6 18.24 0.415 7.555 0.695 984 108 7.47 50.1 13.3 1.69
WI8 x 55 16.2 18.11 0.390 7.530 0.630 890 98.3 7.41 449 11.9 1.67
WI8 x 50 14.7 17.99 0.355 7.495 0.570 800 88.9 7.38 40.1 10.7 1.65
WI8 X 46 13.5 18.06 0.360 0.060 0.605 712 78.8 7.25 22.5 743 1.29
WIS x 40 11.8 17.90 0.315 6.015 0.525 612 68.4 7.21 19.1 6.35 1.27
WI8 % 35 10.3 17.70 0.300 6.000 0.425 510 57.6 7.04 15.3 5.12 1.22
W16 % 57 16.8 16.43 0.430 7.120 0.715 758 92.2 6.72 43.1 12.1 1.60
WIi6 x 50 14.7 16.26 0.380 7.070 0.630 659 81.0 6.68 37.2 10.5 1.59
Wli6 X 45 13.3 16.13 0.345 7.035 0.565 386 2.7 6.65 32.8 9.34 1.57
W16 X 36 10.6 15.86 0.295 6.985 0.430 448 56.5 6.51 24.5 7.00 1.52
W16 > 31 9.12 | 15.88 0.275 5.525 0.440 375 472 6.41 12.4 4.49 1.17
W16 % 26 7.68 | 15.69 0.250 5.500 0.345 301 384 6.26 9.59 3.49 1.12
Wi4 x 53 15.6 13.92 0.370 8.060 0.660 541 77.8 5.89 377 143 1.92
Wl4 x 43 12.6 13.66 0.305 7.995 0.530 428 62.7 5.82 452 11.3 1.89
Wi4 x 38 11.2 14.10 0.310 6.770 0.515 383 34.6 3.87 26.7 7.88 1.55
Wi4 x 34 10.0 13.98 0.285 6.745 0.455 340 48.6 5.83 23.3 6.91 1.53
Wl4 > 30 885 | 13.84 0.270 6.730 0.385 291 42.0 5.73 19.6 5.82 1.49
Wi4 x 26 7.69 | 13.91 0.255 5.025 0.420 245 353 5.65 8.91 3.54 1.08
Wli4 x 22 649 | 13.74 0.230 5.000 0.335 199 29.0 5.54 7.00 2.80 1.04
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Geometric Properties of Structural Shapes

i Y
d x X
fy
y
by
Wide-Flange Sections or W Shapes FPS Units
Flange
WEb X—X axis y-y axis
Area | Depth | thickness | width | thickness

Designation A d g by t ) ) r / S r
in. X lb/ft in? in. in. in. in. in* in? in. in* in? in.

W12 X 87 25.6 12.53 0.515 12,125 0.810 740 118 538 | 241 397 3.07

WI2 X 50 147 12.19 0.370 8.080 0.640 394 64.7 5.18 56.3 13.9 1.96
W12 X 45 132 12.06 0.335 8.045 0.575 350 58.1 513 50.0 124 1.94
WI2 X 26 7.65 12.22 0.230 6.490 0.380 204 334 517 17.3 5.34 1.51
Wi2 x 22 0.48 12.31 0.260 4.030 0.425 156 254 4.91 466 | 231 0.847
WI2 X 16 4.71 11.99 0.220 3.990 0.265 103 17.1 4.67 2.82 1.41 0.773
WIi2 X 14 4.16 11.91 0.200 3.970 0.225 88.6 14.9 4.62 2.36 1.19 | 0.753

WI0 X 100 | 294 11.10 0.680 10.340 1.120 623 112 4.60 | 207 40.0 2.65
W10 x 54 15.8 10.09 0.370 10.030 0.615 303 60.0 4.37 | 103 20.6 2.56

WI0 X 45 13.3 10.10 0.350 8.020 0.620 248 49.1 4.32 53.4 13.3 2.01
WI0 x 39 11.5 9.92 0.315 7.985 0.530 209 42.1 4,27 45.0 11.3 1.98
W10 x 30 8.84 10.47 0.300 5.810 0.510 170 324 4.38 16.7 5.75 1.37
WI0 X 19 5.62 10.24 0.250 4.020 0.395 96.3 18.8 4.14 429 214 | 0874
WI0 X 15 441 0.99 0.230 4.000 0.270 68.9 13.8 3.95 2.89 145 | 0.810
WI0 x 12 3.54 9.87 0.190 3.960 0.210 538 10.9 3.90 2.18 1.10 | 0.785
W8 X 67 19.7 9.00 0.570 8.280 0.935 272 60.4 BN 88.6 | 214 212
W8 X 58 17.1 8.75 0.510 8.220 0.810 228 52.0 3.65 75.1 18.3 2.10
W8 X 48 14.1 8.50 0.400 8.110 0.685 184 43.3 3.61 60.9 15.0 2.08
W8 X 40 11.7 8.25 0.360 8.070 0.560 146 35.5 353 49.1 12.2 2.04
W8 X 31 9.13 8.00 0.285 7.995 0.435 110 27.5 347 Bl 927 | 2.02
W8 % 24 7.08 7.93 0.245 6.495 0.400 82.8 209 342 18.3 5.63 1.61
W8 X 15 4.44 8.11 0.245 4.015 0.315 48.0 11.8 329 3.41 1.70 | 0.876
W6 X 25 7.34 6.38 0.320 6.080 0.455 53.4 16.7 2,70 17.1 5.61 152
W6 % 20 5.87 6.20 0.260 6.020 0.365 41.4 13.4 2.66 13.3 4.41 1.50
W6 X 16 4.74 6.28 0.260 4.030 0.405 32.1 10.2 2.60 4.43 220 | 0.966
W6 X 15 443 5.99 0.230 5.990 0.260 29.1 972 | 2.56 932 311 1.46
W6 X 12 3.55 6.03 0.230 4.000 0.280 221 731 249 2.99 1.50 | 0918
W6 X 9 2.68 5.90 0.170 3.940 0.215 16.4 556 | 247 2.19 1.11 0.905
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Geometric Properties of Structural Shapes

c
.-
American Standard Channels or C Shapes FPS Units

Flange
Web ] ;
Area | Depth | thickness width thickness roxaxs Y7 axis
Designation A d Ly by tr | s r | 5 r
in. X Ib/ft in? in. in. in. in. in# in® | in. in# in? in.

cisx so | 147 | 1500 |0716| 11716 | 3.716| 32 |0650| S5/8 | 404 |538 | 524 110|378 | 0867
Cl15x40 | 118 | 1500 |0520] 172 |3520| 32 |0650| 58 | 349 |465 | 544 | 923 [337 | 0886
CI5 %339 | 996 | 1500 |0400| 38 |3400| 32 |0650| 5/8 315 |420 | 562 | 813 [3.11 | 0904
C12 % 30 882 | 1200 |0s10| 12 [3170| 32 |oso1| vz [162 |270 | 429 | 514 | 2.06 | 0763
Cl12 X 25 7.35 12.00 [ 0387 | 38 |[3.047 3 0.501 /2 | 144 241 443 | 447 1.88 0.780)
C12 % 20.7 6.09 12000 [ 0282 | 5/16 | 2942 3 0.501 /2 | 129 21.5 4.61 | 388 1.73 0.799
3

C10 % 30 8.82 | 10.00 | 0,673 | 11116 | 3.033 0436 716 | 103 2007 | 342 | 394 | 1.65 | 0.669
Cl0 X 25 735 | 1000 (0526 | 12 | 2.886 2% 0436 716 | 91.2 | 182 | 352 | 336 | 148 | 0.676
Cl0 X 20 588 | 1000 | 0379 3/8 |2.739 2‘}_ 0436 716 | 789 |158 | 3.66 | 2.8] 1.32 | 0.692
C10 X 15.3 4.49 | 10,00 (0240 | 1/4 | 2.600 ‘lﬁ 0436 716 | 674 |135 [ 387 | 228 | 116 | 0.713

C9 = 20 5.88 900 | 0448 | 716 | 2.648 'Z'E 0413 716 | 609 |135 | 322 | 242 | 1.17 | (.642
C9 > 15 4.41 9.00 | 0.285 | 5/16 | 24585 ’2% 0413 716 | 510 (113 | 340 | 193 | 1.01 (L.661
C9 % 13.4 3.94 9.000 | 0233 1/4 | 2433 2& 0413 W16 | 479 106 | 348 | 1.76 | 0.962 | (L669
C8 > 18.75 5.51 8.00 | 0487 | 1/2 | 2527 2—; 0.390| 3/8 440 (110 [ 282 | 198 (1.1 (1.599
C8 > 13.75 4.04 .00 | 0303 | 516 |2.343 ’EE 0.390| 3/8 36.1 9.03| 299 | 153 | 0.854 | 0.615

C8 X 11.5 3.38 ROO | 0220 14 2260 27 |0390] 3/8 326 814 311 | 1.32 | 0.781 | 0.625

C7 X 14.75 4.33 700 |0419] 716 (2299 27 |0366] 3/8 27.2 TI8] 251 | 1L.38 | 0.779 | 0.564
C7 X 12,25 3.60 700 | 0314 516 2194 22 |0366] 3/8 242 693 260 | 1.17 | 0.703 | 0.571

C7 x 9.8 2.87 700 |0210| 316 |2090| 23 |0366| 3/8 21.3 6.08) 2.72 | 0.968 | 0.625 | 0.581
C6 X 13 3.83 6.00 | 0437 | 716 |2157| 2} |0343| 5116 | 174 580) 213 | 1.05 | 0.642 | 0.525
C6 » 10.5 3.09 6.00 |0314 | 5/16 |2.034| 2 0.343| 5/16 15.2 506 2.22 | (0.866 | 0.564 | 0.529
C6 X 8.2 2.40 6.00 | 0200 | 316 | 1.920 1% 0.343| 5/16 13.1 438 2.34 | 0.693 | 0.492 | 0.537
C3x9 2.64 5.00 | 0325 | 53/16 | 1.883 1% 0.320| 316 8.90 | 3.56( 1.83 | 0.632 | 0.450 | 0.489
C3 X 6.7 1.97 500 | 0190 | 316 |1.750] 14 |0.320| 516 749 | 300 195 | 0,479 | 0.378 | 0493
C4 X 7.25 213 400 |0321| 516 |1.721] 13 | 0296 5/16 459 | 229 147 | 0433 | 0.343 | 0.450
C4 X 54 1.59 400 | 0184 | 3/16 |13584] 12 | 0296 5116 385 193 1.56 | 0.319 | 0.283 | 0.449
Cixe 1.76 300 | 0356 | 3/8 |13596] 12 |0273| 1/4 207 | 138 108 | 0305 | 0.268 | 0.416
C3I X35 1.47 300 | 0258 | 1/4 |1.498] 12 |0273| 14 185 | 1.24) 1.12 | (.247 | 0.233 | 0.410
C3 x 4.1 1.21 3.00 | 0170 | 3/16 | 1410 lﬁ 0273 1/4 1.66 | 1.10| 117 | 0.197 | 0.202 | 0.404




Geometric Properties of Structural Shapes

¥

.

a

X X
i"‘

%

Angles Having Equal Legs FPS Units

Size and Weight X—X axis y-y axis 7z axis
thickness per foot | Area A / 5 r 1% / S r X r
in. Ib in? in# in? in. in. in# ind in. in. in.
L8 X 8 x 1 51.0 15.0 89.0 15.8 2.44 237 39.0 15.8 2.44 Sl 1.56
L8 x 8 X 3 38.9 114 697 |122 | 247 | 228 | 697 |122 | 247 | 228 | 158
L8 X § X1 26.4 775 | 48.6 836 | 2.50 2.19 48.6 836 | 2.50 219 1.59
Lo x 6 x 1 374 11.0 355 8.57 | 1.80 1.86 355 8.57 | 1.80 1.86 1.17
L6 X 6 X3 28.7 844 | 282 6.66 | 1.83 178 | 282 6.66 | 1.83 178 | 117
L6 X 6 X 3 19.6 375 | 199 4.61 1.86 1.68 19.9 4.61 1.86 1.68 1.18
L6 X 6 X 3 14.9 436 | 154 353 | 1.88 1.64 15.4 353 | 1.88 1.64 1.19
15 X 5 x5 23.6 6.94 | 157 453 | 1.51 1.52 15.7 453 | 1.51 1.52 0.975
L5 X5 x%X3 16.2 475 | 113 316 | 1.54 1.43 11.3 316 | 1.54 1.43 0.983
L5 X5 X3 12.3 3.61 8.74 242 | 1.56 1.39 8.74 242 | 1.56 1.39 0.990
L4 x 4 x3 18.5 5.44 7.67 281 | 1.19 1.27 7.67 2.81 1.19 1.27 0.778
L4 X4 x4 12.8 3.95 5.56 1.97 | 1.22 1.18 5.56 197 | 1.22 1.18 0.782
L4 X 4 X 3 9.8 2.86 4.36 1.52 | 1.23 1.14 436 1.52 | 1.23 1.14 0.788
L4 X 4 X1 6.6 1.94 3.04 1.05 | 1.25 1.09 3.04 1.05 | 1.25 1.09 0.795
I3 s 11.1 3.25 3.64 149 | 1.06 1.06 3.64 1.49 | 1.06 1.06 0.683
B 85 2.48 2.87 1.15 1.07 1.01 2.87 1.15 | 1.07 1.01 0.687
e o 58 1.69 2.01 0.794 | 1.09 0.968 2.0 0.794 | 1.09 0.968 | 0.694
L3 X 3x3 9.4 2.75 222 1.07 | 0.898 | 0932 2.22 1.07 | 0.898 | 0.932 | 0.584
L3 x 3 x4 7.2 211 1.76 0.833 | 0913 | 0.888 1.76 (.833 | 0.913 | 0.888 [ 0.587
L3 X3 x4 49 1.44 1.24 0.577 | 0930 | 0.842 1.24 0.577 | 0.930 | 0.842 | 0.592
ek e 7.7 2.25 1.23 0.724 | 0.739 | 0.806 1.23 0.724 | 0.739 | 0.806 | 0.487
I 59 1.73 0.984 | 0.566 | 0.753 | 0.762 0.984 | 0.566 | 0.753 | 0.762 | 0.487
ke o 4.1 1.19 0.703 | 0394 | 0769 | 0.717 0.703 | 0.394 | 0.769 | 0.717 | 0.491
L2 x 2 %1 4.7 1.36 0479 | 0351 | 0594 | 0.636 0.479 | 0351 | 0.594 | 0.636 | 0.389
L2 X2 X% 3.19 0.938 | 0348 | 0.247 | 0.609 | 0.592 0.348 | 0247 | 0.609 | 0.592 | 0.391
L2 X 2 X 3 1.65 0.484 | 0190 | 0.131 | 0.626 | 0.546 0.190 | 0.131 | 0.626 | 0.546 | 0.398
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Geometric Properties of Structural Shapes

d x X
r1|.-'
¥
| by |
Wide-Flange Sections or W Shapes FPS Units
Flange
Web X=X axis Y=y axis
Area | Depth | thickness | width | thickness

Designation A d tw b¢ t | S r ] S r
mm X kg/m | mm? mm mm mm mm 104 mm* |10 mm3| mm |10 mm?*|{10° mm3 mm
W10 x 155 | 19 800 611 12.70 324.0 19.0 1290 4 220 255 108 667 739
Wel0 x 140 | 17 900 617 13.10 230.0 222 1120 3630 250 45.1 392 50.2
WeI0 x 125 | 15 900 612 11.90 229.0 19.6 985 3220 249 393 343 49.7
Wel0 x 113 | 14 400 608 11.20 228.0 17.3 875 2 880 247 343 301 48.8
Wal0 x 101 | 12 900 603 10.50 228.0 14.9 T64 2 530 243 29.5 259 47.8
Wel0 x 92 | 11 800 603 10.90 179.0 15.0 o646 2 140 234 14.4 161 349
Wal0 x 82 | 10 500 599 10.00 178.0 12.8 560 1 870 231 12.1 136 339
W460 x 97 | 12 300 466 11.40 193.0 19.0 445 1910 190 22.8 236 43.1
W46 > 89 | 11 400 463 10.50 192.0 17.7 410 1 770 190 209 218 42.8
W4e0 = 82 | 10 400 460 991 191.0 16.0 370 1 610 189 18.6 195 42.3
W460 x 74 9 460 457 9.02 190.0 14.5 333 1 460 188 16.6 175 41.9
W460 x 68 8 730 459 9.14 154.0 154 297 1 290 184 9.41 122 32.8
W46l x 60 7 590 455 5.00 153.0 13.3 255 1120 183 7.96 104 324
W460 X 52 6 640 450 7.62 152.0 10.8 212 942 179 6.34 834 309
W410 X 85 | 10 800 417 10.90 181.0 18.2 315 1510 171 18.0 199 40.8
W410 X 74 9 510 413 9.65 180.0 16.0 275 1 330 170 15.6 173 40.5
W410 x 67 8 560 410 8.76 179.0 14.4 245 1 200 169 13.8 154 40.2
W410 % 53 6 820 403 7.49 177.0 10.9 186 923 165 10.1 114 38.5
W410 x 46 5 890 403 6.99 140.0 11.2 156 774 163 5.14 734 29.5
W410 x 39 4 960 399 6.35 140.0 8.8 126 632 159 4.02 574 28.5
W360 X 79 | 10 100 354 9.40 205.0 16.8 227 1 280 150 24.2 236 48.9
W36l x 64 8 150 347 7.5 203.0 13.5 179 1 030 148 18.8 185 48.0
W36l x 57 7 200 358 7.87 172.0 13.1 160 894 149 11.1 129 39.3
W360 x 51 6 450 355 7.24 171.0 11.6 141 794 148 9.68 113 38.7
W360 x 45 5710 352 6.86 171.0 9.8 121 688 146 8.16 95.4 37.8
W360 x 39 4 960 353 6.48 128.0 10.7 102 578 143 3.75 58.6 27.5
W36l x 33 4190 349 5.84 127.0 8.5 82.9 475 141 2.91 45.8 264
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Geometric Properties of Structural Shapes
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Wide-Flange Sections or W Shapes S| Units
Flange
il X—X axis axis
Area | Depth |thickness| width | thickness 2

Designation A d fiy, bs ts / 5 r | 5 r
mm X kg/m | mm? mm mm mm mm 10 mm* [ 103 mm3] mm [ 106 mm*[10° mm3| mm
W310 x 129 | 16 300 318 13.10 308.0 20.6 308 1940 137 100 649 77.8
W30 X 74 9 480 310 9.40 205.0 16.3 165 1060 132 23.4 228 49.7
W310 X 67 8 530 306 8.51 204.0 14.6 145 948 130 2007 203 49.3
W310 x 39 4930 310 5.54 165.0 9.7 84.8 547 131 7.23 87.6 38.3
W30 x 33 4 180 313 6.60 102.0 10.8 65.0 415 125 1.92 37.6 214
W310 x 24 3 040 305 5.59 101.0 6.7 428 281 119 1.16 23.0 19.5
W310 x 21 2 680 303 5.08 101.0 57 37.0 244 117 0.986 19.5 19.2
W250 x 149 | 19 000 282 17.30 263.0 284 259 1840 117 86.2 656 67.4
W250 X 80 10 200 256 9.40 255.0 15.6 126 984 111 43.1 338 65.0
W250 x 67 8 560 257 8.89 204.0 15.7 104 809 110 222 218 50.9
W250 x 58 7 400 252 8.00 203.0 13.5 873 693 109 18.8 185 50.4
W250 X 45 5700 266 7.62 148.0 13.0 71.1 535 112 7.03 95 35.1
W250 X 28 3620 260 6.35 102.0 10.0 399 307 105 1.78 34.9 222
W250 x 22 2 850 254 5.84 102.0 6.9 28.8 227 10 1.22 239 20.7
W250 X 18 2 280 251 4.583 101.0 53 225 179 99.3 0.919 18.2 20.1
W200 = 100 | 12 700 229 14.50 210.0 237 113 987 94.3 36.6 349 537
W?200 x 86 11 000 222 13.00 209.0 20.6 94.7 853 92.8 31.4 300 534
W200 x 71 9 100 216 10.20 206.0 174 76.6 709 91.7 254 247 528
W200 x 59 7 580 210 9.14 205.0 14.2 61.2 583 89.9 20.4 199 519
W200 X 46 5890 203 7.24 203.0 11.0 45.5 448 379 15.3 151 51.0
W200 X 36 4 570 201 6.22 165.0 10.2 34.4 342 86.8 7.64 92.6 40.9
W200 x 22 2 860 206 6.22 102.0 8.0 20.0 194 83.6 1.42 278 223
WI150 x 37 4 730 162 8.13 154.0 11.6 222 274 68.5 1.07 91.8 38.7
WI150 x 30 3790 157 6.60 153.0 L 17.1 218 67.2 5.54 724 38.2
WI150 x 22 2 860 152 5.84 1520 0.0 12.1 159 65.0 3.87 509 36.8
WI150 X 24 3060 160 6.60 102.0 10.3 13.4 168 66.2 1.83 359 245
WI150 x 18 2290 153 5.54 102.0 7.1 9.19 120 63.3 1.26 24.7 23.5
WI150 % 14 1 730 150 4.32 100.0 55 6.54 91.2 62.9 0912 182 23.0

16



Geometric Properties of Structural Shapes
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Lhr-l
American Standard Channels or C Shapes S| Units

Flange
Web X=X axis Y-y axis
Area | Depth | thickness| width | thickness

Designation A d o by t; I 5 r | 5 r

mm X kg/m | mm? [ mm mm mm mm 108 mm* 103 mm3| mm |10 mm*|103 mm3 mm
C380 = 74 9480 [ 381.0 18.20 94.4 16.50 168 882 133 4.58 61.8 22.0
C380 X 60 7610 | 381.0 13.20 89.4 16.50 145 761 138 3.84 35.1 22.5
C380 X 50 6430 | 381.0 10.20 86.4 16.50 131 688 143 3.38 0.9 22.9
C310 x 45 | 5690 | 3050 | 13.00 80.5 1270 | 674 | 442 | 109 2.14 33.8 | 194
C310 x 37 4740 | 305.0 9.83 774 12.70 599 393 112 1.86 30.9 19.8
C310 = 31 3930 [ 305.0 7.16 74.7 12.70 537 352 117 1.61 28.3 20.2
C250 x 45 5690 [ 254.0 17.10 77.0 11.10 429 338 86.8 1.61 27.1 17.0
€250 x 37 | 4740 | 254.0 | 13.40 73.3 11.10 | 380 | 299 895 | 140 | 243 | 172
C2350 x 30 3790 [ 254.0 9.63 6Y.6 11.10 32.8 258 93.0 1.17 21.6 17.6
C250 x 23 2900 [ 254.0 6.10 66.0 11.10 28.1 221 98.4 (.949 19.0 18.1
C230 X 30 3790 [ 229.0 11.40 67.3 10.50 253 221 £81.7 1.01 19.2 16.3
C230 x 22 2850 229.0 724 63.1 10.50 21.2 185 86.2 0.803 16.7 16.8
C230 X 20 2540 [ 229.0 5.92 61.8 10.50 19.9 174 88.5 0.733 15.8 17.0
C200 = 28 33550 | 203.0 12.40 64.2 9.90 18.3 180 71.8 0.824 16.5 15.2
C200 X 20 2610 [ 203.0 7.70 59.5 9.90 15.0 148 75.8 0.637 14.0 15.6
C200 = 17 2180 [ 203.0 5.59 57.4 9.90 13.6 134 79.0 0.549 12.8 15.9
C180 = 22 2790 [ 178.0 10.60 38.4 9.30 11.3 127 63.6 0.574 12.8 14.3
CIB0 = 18 2320 | 178.0 7.98 55.7 9.30 10.1 113 66.0 0.487 11.5 14.5
C180 = 15 1850 | 178.0 533 ] 9.30 8.87 99.7 69.2 0.403 10.2 14.8
Cl150 = 19 2470 | 152.0 11.10 54.8 8.70 7.24 953 54.1 0.437 10.5 13.3
Cl150 % le 1990 | 152.0 7.98 51.7 8.70 6.33 833 56.4 0.360 9.22 13.5
Cl150 x 12 1550 | 152.0 5.08 48.8 8.70 545 71.7 59.3 0.288 8.04 13.6
Cl130 % 13 1700 | 127.0 8.25 47.9 8.10 3.70 58.3 46.7 0.263 735 124
C130 x 10 1270 | 127.0 4.83 44.5 8.10 3.12 49.1 49.6 0.199 6.18 12.5
C100 x 11 1370 | 102.0 8.15 43.7 7.50 1.91 37.5 37.3 0.180 5.62 11.5
Cl00 X 8 1030 | 102.0 4.67 40.2 7.50 1.60 314 39.4 0.133 4.65 11.4
C75 % 9 1140 | 762 | 9.04 40.5 6.90 0862 | 226 | 275 | 0127 | 439 | 106
C75 X 7 948 | 762 | 655 38.0 6.90 0770 | 202 | 285 | 0103 | 383 | 104
C75 X 6 781 | 762 | 432 35.8 6.90 0691 | 181 | 298 | 0082 | 332 | 102
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Geometric Properties of Structural Shapes
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Angles Having Equal Legs Sl Units
Mass . . .
E X=X axis Y-y axis Z-Z axis
Size and thickness | Meter | Area I 5 r y / S r X r
mm kg mm2 [10¢ mm*| 10° mm3* | mm | mm | 10¢ mm*[10* mm? mm | mm mm
L203 X 203 X 254 75.9 9680 | 369 258 61.7 | 60.1 | 36.9 258 61.7 | 60.1 39.6
L203 x 203 X 19.0 ) 7380 | 289 199 62.6 | 578 | 289 199 626 | 57.8 40.1
L203 x 203 x 12.7 39.3 5000 | 20.2 137 63.6 [ 555 | 202 137 63.6 | 33.5 40.4
L152 X 152 x 254 55.7 7100 | 146 139 453 | 472 | 146 139 453 | 472 29.7
L152 X 152 X 19.0 4279 5440 | 116 108 462 | 450 | 116 108 462 | 45.0 29.7

L152 X 152 X 12.7 A4 3710 8.22 751 47.1 | 42.7 8.22 75.1 471 | 427 30,0
L152 ¥ 152 X 9.5 222 2 810 6.35 574 475 | 415 6.35 574 475 | 41.5 30.2

L127 X 127 X 19.0 351 4 480 6.54 739 382 | 387 6.54 73.9 382 | 387 248
L127 X 127 x 12.7 241 3 060 4.68 51.7 39.1 | 304 4.68 517 391 | 364 250
L127 X 127 X 9.5 18.3 2330 3.64 399 395 353 3.64 397 395 | 353 251

L102 X 102 x 19.0 27.5 3510 3.23 46.4 303 | 324 3.23 46.4 303 | 324 19.8
L102 X 102 x 12.7 19.0 2 420 2.34 326 31.1 | 302 2.34 326 31 | 302 19.9
L102 X 102 X 9.5 14.6 1 840 1.84 253 31.6 | 29.0 1.84 253 316 | 290 20,0

L102 X 102 X 6.4 9.8 1250 1.28 17.3 320 279 1.28 17.3 320 | 27.9 20.2
L89G X 89 X 12.7 16.5 2100 1.52 245 269 | 269 1.52 245 269 | 269 17.3
L8O x 89 X 9.5 12.6 1 600 1.20 19.0 274 | 258 1.20 19.0 274 | 258 17.4
L8Y x 89 X 6.4 8.6 1 090 0.540 13.0 278 | 24.6 0.840 13.0 278 | 24.6 17.6
L76 X 76 X 12.7 14.0 1770 0.915 17.5 227 | 236 0.915 17.5 227 | 23.6 14.8
L76 X 76 X 9.5 10.7 1 360 0.726 13.6 23.1 | 225 0.726 13.6 23.1 | 225 14.9
L76 X 76 X 6.4 1.3 927 0.514 939 | 235 | 213 0.514 939 235 [ 21.3 15.0
Lod4 X 64 X 12.7 11.5 1 450 .524 12.1 19.0 | 20.6 0.524 12.1 19.0 | 20.6 124
L64 X 64 X 9.5 8.8 1120 (.420 946 | 194 | 195 0.420 946 | 194 | 195 124
L64 X 64 X 6.4 6.1 766 0.300 6.59 | 19.8 | 182 0.300 6.59 | 198 | 182 12.5
L51 X 51 X 9.5 7.0 877 0.202 582 | 152 | 162 0.202 582 152 | 16.2 9.88
L51 X 51 X 6.4 4.7 605 0.146 409 | 156 | 151 0.146 409 156 | 151 9.93
L51 X 51 X 3.2 25 312 (L.080 216 | 16.0| 139 0.080 216 160 | 139 10.1
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Stress Concentration Factors

Axial Loading
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Stress Concentration Factors

Torsional Loading
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