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Table 201-6. Nominal and minimum dressed lumber sizes.

Thicknesses apply to all widths; widths apply to all thicknesses. Dressed sizes
are for dry lumber. ‘

Thicknesses .. Face widths
ltem Nominal Dressed Nominal Dressed
Boards 1 Y in. 2 1% in.

14 1 3 2Va

1% 1V 4 3%

5 4

6 5%z

7 612

8 7Va

g 814

10 P

11 10%

12 1114

14 134

16 15V

Dimension 2 12 2 1
2 2 3 212

3 22 4 3%

32 3 5 414

4 e 6 5%

4Ye 4 8 TVa

12 V4

12 1114

Timbers 5 and Y off 5 and Yo off
(Dressed .thicker S wider

green)




Table 205-2. Nail sizes.
"Steel nails” are threaded, hardened steel.

Wire diameter, in.

Penny- Length Wire Steel Spikes
weight in. nails nails

4d 1 0.098"

6d 2 0.113 0.120”

8d 2% 131 120
10d 3 148 135 0.192”
12d I .148 135 192
16d 3% 162 .148 .207
20d 4 192" A77 .225"
30d 4s .207 77 . .244
40d 5 .225 A77 .263
50d 1Y) .244 A77 .283
60d 6 .262 A77 .283
70d 7" .207"
8od 8 .207
90d 9 .207
Y16 7 312

% 814 : 375




Materials and Selection 207.1

207 CONCRETE AS A MATERIAL

Concrete is a mixture of Portland cement, water,
air and aggregates. Portland cement is sold in bulk,
or in bags of one cubic foot (94 1b). The aggregates

provide volume at low cost, composing 66%-78% of .

the concrete.

Cement and water form a paste that hardens and
gluesthe aggregates together. The quality of concrete
is directly related to the binding qualities of this
cement paste.

Selection

General properties

Concrete is very durable and resists attack by
water, animal manures, chemicals such as fertilizers,
and fire. Use high quality concrete around milk, sil-
age, and animal manure.

Concrete is very weak in tension. Its strength in
compression depends on the proportions of the mix.
The compressive strength is 2 to 5 times that of wood.
Most structural uses involve reinforced concrete,
which depends on concrete’s strength in compression
and steel’s strength in tension.

Concrete can be finished in either smooth or
rough texture. It can be colored with pigments or
painted.

Portland cement

Portland cement got its name from the Isle of
Portland, near England, where it was first developed.
This improvement over an ancient building material
is made by burning limestone and clay, adding gyp-
sum, and grinding the result to a fine consistent
powder.

A number of variations have been developed for
special purposes:

* Type I, normal Portland cement, is the general
purpose type, the most common, and is usually
furnished unless an alternative is specified.

* Type II is modified to release less heat during
curing, and is therefore suitable in mass con-
crete—heavy retaining walls, or deadmen for
suspension bridges. It is moderately high in re-
sistance to sulphates. Type II is replacing Type I
as the basic type in some areas.

Type III is high-early-strength; it is very finely
ground and sets very rapidly. It is useful for slip-
form construction and for cold weather jobs.
Type IV is the lowest heat variety, and while
suitable for large masses, develops strength rel-
atively slowly. Its primary use is for mass con-
crete dams and other large volume structures.
Type V is especially sulphate-resistant and
cures more slowly than Type L

Types I, IT, and III are available as Types [A, I1A,
and ITTA. These are air-entrained Portland ce-
ments formulated with a compound that releases

L d

.

many tiny bubbles of air during curing. The
resulting concrete is highly resistant to frost
action and has some increased resistance to
salts, Their use is recommended for all outdoor
paving and for concrete exposed to animal
wastes, even though slightly weaker than Typel,
II, and III.

Air-entrained concrete

An ajr-entraining agent added to the ceient pro-
duces millions of tiny bubbles in the concrete giving
the concrete greater weathering resistance. Air en-
training also reduces the strength and increases the
concrete workability. Because the air-entraining
agent increases the weathering resistance compared
to its reduction of strength, air entraining is usually
recommended for all concrete subjected to freezing
and thawing. Table 207-1 relates the amounts of air
entraining to aggregate size.

Other additives include pigments for coloring,
gypsum to retard setting time, calcium to reduce
setting time, and bentonite to improve workability.

Table 207-1. Air content for air-entrained concrete.

Max. aggregate size Amaount of air, %

1", 2", or 212" 4106

%" or 1" 5t0 7

3" or 2" 62 to 8%
Water

Cement in concrete cures by the chemical com-
bination of water and cement—not by drying like
sheets in the sun. Use water for concrete that is
essentially good enough to drink, without harmful
chemicals, trash, or organic matter.

The strength of concrete is greatly dependent on
the water-cement ratio. Enough water is needed for
full curing, but excess water leaves voids when it
evaporates. If a mix is too stiff to handle well, do not
add water; reject the batch or add cement and water—
reduce the amount of aggregates in subsequent
batches. -

Aggregates

Sand and gravel, the usual aggregates, are glued
together by the cured cement paste. They must be
free of, or very low in, silt and organic matter, and
they must be hard and strong. .

Particles up to %" are sand, and above Y" are
gravel. Well graded aggregates occupy most of the
volume of the concrete, minimizing the amount of
cement paste, which is the expensive ingredient.
Using spheres for illustration, large balls have less
surface area than small ones, requiring less cement.
But small balls fit in between the large ones to help
fill up the voids.



Table 405-3. Lumber section properties.

Inertia Section
Nominal Dressed Area moment modulus

BxD,in. BxD,in. Ain? Lin* S,im?
1x2 Yex112 1.13 0.21 0.28
x3 X2 1.88 0.98 0.78
X4 X3V 2.63 2.68 1.53
X5 x4Ve 3.38 5.70 2.53
X6 x5% 413 10.40 3.78
X7 X612 4.88 17.16 5.28
1x8 YaxT Ve 5.44 23.82 6.57
X9 X8Va 6.19 35.09 8.51
x 10 X9Va 6.94 49.47 10.70

x 11 x10% 7.69 67.31 13.13
X 12 x11Va 8.44 88.99 15.82

2x2 1% 2.25 0.42 0.56
X3 x2Ya 3.75 1.95 1.56
x4 x3%2 5.25 5.36 3.06
x5 x4z 6.75 11.39 5.06
X6 X5z 8.25 20.80 7.56
x8 xf¥a  10.88 47.63 13.14

2x10  1vx9%  13.88 98.93 21.39
x12 x11%  16.88 177.98 31.64

3x2 2Vt 3.75 0.70 0.94
X3 x2V% 6.25 3.26 2.60
x4 X312 8.75 8.93 5.10
x5 x4 11.25 18.98 8.44
X6 X5z 13.75 34.66 12.60
X 8 X7Va 18.13 79.39 21.90

3x10  2vx9%  23.13 164.89 35.65
X 12 11 28.13 296.63 52.73

4x2 Jex1is 5.25 0.98 1.31
x3 x2Va 8.75 4.56 3.65
x4 x31s 12.25 12.51 7.15
X5 x4Ya 15.75 26.58 11.81
x6 X5V2 19.25 48.53 17.65
X8 X7Va  x25.38 111.15 30.66

4x10  3vx9%  32.38 230.84 49.91
x12 x11Va 39.38 415.28 73.83

6x2  S¥xile 8.25 1.55 2.06
x4 x3a 19.25 19.65 11.23
X6 x5%  30.25 76.26 27.73
x8 x/%e  41.25 193.36 51.56
x 10 x9%  52.25 392.96 82.73
x 12 x11%2  63.25 697.07 121.23
8x2 TVxia 10.88 2.04 2.72
x4 x3%  25.38 25.90 14.80
8x6 7vx5¥%2  41.25 103.98 37.81
x8 X7 56.25 263.67 70.31
x 10 x9%  71.25 535.86 112.81
x 12 x11%2  BB.25 950.55 165.31
10x2 9¥x1¥>  13.88 2.60 3.47
x4 x3%  32.38 33.05 18.89
10x6  9Vx5%  52.25 131.71 47.90
X8 X% 71.25 333.98 89.06

x 10 x9%  90.25 678.76 142.90

x12 x11% 109.25  1204.03 209.40

12x 1 12*x%4 9.00 0.42 1.13
X2 X1z 18.00 3.38 4.50
X3 X2  30.00 15.63 12.50
x4 x3%  42.00 42.88 24.50
x5 x42  54.00 91.13 40.50
x 6 x52  66.00 166.38 60.50

Shear
factor
S,,in?

0.75
1.25
1.75
2.25
2.75
3.25

3.63
413
4.63
513
5.63

1.50
2.50
3.50
4.50
5.50
7.25

9.25
11.26

2.50
417
5.84
7.50
9.17
12.09

15.42
18.76

3.50
2.84
8.17
10.51
12.84
16.93

21.59
26.26

5.50
12.83
20.18
27.51
34.85
42.19

7.25
16.92

27.51
37.52
47.52
57.53

9.25
21.58

34.85
47.52
60.20
72.87

6.00
12.01
20.01
28.01
36.02
44.02

*Full 127 wide.
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410 EQUIVALENT FLUID DENSITY

Rankine's theory comes from classical soils me-
chanics. It relates lateral to vertical pressure in non-
cohesive soils, such as sand and gravel, which are
similar in behavior to small grains. It yields adequate
equivalent fluid density values for designing shallow
grain bin walls. See Chapter 103 for discussion of
shallow vs. deep bins.

A companion theory, Coulomb'’s, analyzes forces
on a sliding wedge of material behind a wall. It yields
the same values as Rankine’s for the angle of the
failure plane and the ratio of vertical to lateral pres-
sures when wall friction is neglected.

If a wall restraining the grain moves slightly away
from the grain, the lateral pressure decreases, the
shear stress increases, and the vertical pressure at
the bottom of the grain mass remains unchanged. A
plane of shear failure forms and the wedge of grain
between it and the wall flows toward the wall as it
moves. The failure plane that produces maximum
horizontal forces when the pile is level and the wall is
vertical is 45° + &/2 from the horizontal, Fig 410-1.

Emptying angle

Failure Plane\ of rep e~

OO

Grain  Surface,

w = h x EFD = 18&h

Fig 410-2. Load on a wall from a flat grain surface.

Grain Surface

w = Hg x EFD = 22.5 Hg

Fig 410-1. Failure plane and emptying angle of repose
in grain.

Rankine’s definition of the ratio of lateral to verti-
cal pressure for the above condition is:

Eq 410-1.
k = Tan’(45 - ¢/2) = (1 - Sin ¢)/(1 + Sin )

The equivalent fluid density of a grain is:

Eq 410-2.
EFD = (unit weight) xk = wx k :

Using corn as an example:
Its emptying angle of repose, ¢ = 27°, is the
angle of internal friction.
Therefore:
k = (1 - Sin 27°)/(1 + Sin 27°) = 0.38
EFD = (48 Ib/ft*) x 0.38 = 18 Ib/ft’
The resulting load diagram on a wall is in Fig
410-2.

The case of an inclined grain surface is more com-
plicated. Lateral pressure is assumed to act at an
angle equal to the angle of the coefficient of friction
between the wall and the grain mass. If this friction is
neglected, which it usually is, then the direction of
the thrust is horizontal.

Fig 410-3. Grain surface at the filling angle of repose.

Use the more generalized equation for k if the
grain surface or wall is inclined, Fig 410-3.
, Eq 410-3.
k = sin*8-¢) + sin®(0) x sin(6 +B) x T*
T =1 + [sin{d+B) x sin{d-a) + sin(b-a) x
sin(8 + B)]**?

k =ratio of lateral to vertical internal
pressure

& =angle of internal friction, usually
taken as the emptying angle of repose,
degrees

6 =angle of wall from horizontal, degrees

B =angle of wall friction, degrees

a =filling angle of repose, degrees

Example, for corn:

o =27°
8 =90°
B =0°
a =16°

T =[(sin 27-0)(sin 27-16) =+
sin(90-16)sin(90 + 0)]**

=13
k =sin*(90-27)sin*(90)sin(90) x 1.3°
=0.4696
EFD =(48 1b/t®) x (0.4696)
=22.5 1b/ft’



411.1

411 JANSSEN'S EQUATION

Many grain bins have significant wall friction
with resulting lower vertical and lateral pressures
than predicted by equivalent fluid density. The dis-
tinction between deep and shallow bins (those with
and without significant wall friction) is discussed in
Chapter 103.

The interaction of pressures on opposite bin walls
has the effect of creating a "pressure dome,” Fig
411-1b, which transmits pressure laterally to the side-
walls, creating reactions comparable to those in a
structural arch. The lateral bin pressure is accom-
panied by vertical pressures in the bin walls. The
static vertical component is equal to the static lateral
pressure times the coefficient of friction between the
grain and the bin wall.

Janssen’s equation predicts static lateral and
static vertical pressures within a grain mass. Be-
cause pressures during dynamic or unloading condi-
tions are often greater than static pressures, do not
use Janssen's equation directly for bin design. Over-
pressure factors and other modifications of these
static pressures are discussed in Chapter 103.

A detailed derivation of Janssen's equation is il-
lustrated in the following material.

Nomenclature:

¢ =angle of internal friction of the grain
(emptying angle of repose)
g =angle of friction of the grain on the bin
walls
p’ =tan B = coefficient of friction of grain
on the bin walls
w =weight of grain, lb/ft®
F =vertical pressure, Ib/ft*
L. =static lateral pressure, lb/ft*
A =bin area, ft’
U =bin circumference, ft
R =A/U = hydraulic radius of the bin, ft
H, =height of the grain, ft
D =bin diameter, ft

The bin in Fig 411-1a has a uniform area, A, a
constant circumference, U, and is filled with grain
weighing w Ib/ft’ having an emptying angle of repose,
&. Let F be the vertical pressure and L the lateral
pressure at any point, with both F and L assumed
constant on any horizontal plane.

The weight of the grain between the sections of y
and y + dy is (Aw)dy; the total frictional force acting
upwards at the circumference is (LU)(tan B)dy; the
total perpendicular pressure on the upper surface is

VA; and total pressure on the lower surface is
(F +dPA.

grain surface7

/

411-1a. Bin configuration.

411-1b. Arch formation.

lY

l

tﬁ ‘\"’T

LU/ 2 ]

e LU/ 2

4

i '
L e
(LU) (tang’ )dy /2

L 411-1c. Free-body diagram.

—

Fig 411-1. Janssen’s equation derivation.




The static vertical pressures must be in equi-
librium with their sum equal to zero.
0 =FA - (F + dF)A + (Aw)dy
- (LU)(tan R)dy
Simplify:
dF =[w - L{tan B)U/Aldy
In a granular mass, the static lateral pressure at
any point is equal to the static vertical pressure at
that point times a constant for the particular grain,
k.
L =kV

The value of k may be determined by experiment,.

but the value generally used is the one derived by the
Rankine method: .
k =(1-sin B)/(1+sin B)
It is an approximation that ignores the friction
between the grain and the bin walls. = -
Alsolet R = A/U (the hydraulic radius) and p" =
tan f.

Design 411.2

Substitute:
dF =(w - kFu'/R)dy
Let:
kp'/R =n

Substitute again:
dF =(w - nF)dy, or:
dF/tw - nF) = dy
Multiply both sides of the equation by -n and inte-
grate:
In(w-nF) = -ny + C
Evaluate the constant C at y = 0 where F = 0:
C = In(w)
Rearrange:
In (w - nF/w) = -ny
Take the exponential of each side of the equation:
(w - nF)w = e™
Solve for F:
F=wl-e"n
Substitute for n. The equation becomes:
F = (wR/kp)H(A - e



Design 412.2
Simple Beams

- Eq 412-1

R R
L
! v : VX ... e e -----"U(z—x)
M Shear | Mo @ L/2] . ... - ul
T ; :
L L MK b e e e e e e =50 - %)
2 2
h SwL"
Dm [@L/2] . . . . . . ... = 384T
3
vx
”"I /I’TWWTH\ . PR - PR’ - 2+ x)
X 24ET
Moment
L >
a b [ a Eq 412-2
wb
wb | Ry =Ry =Vy=Vy . ..... Ce=
a A .
B! Ry Vx [Ra<x<(a+b)l..... = %';_b- - wix - a)

Va Lt
L i‘( M [@L/2] . ... .=§-D-(2L-—b)
T
P~
X

T Vo My [@x<al. . ... .. e . =E_;_§
T _ wbx wix — a)2
L Mc [@a<x<(a+b®)]} ... .. i i
2
- _ o _ SwL% _ wa? 2 _ .2
' Dm [@x=1L/2) . .. . .. R VYA 48EI(3L 2a%)
MIMT\H\D‘I\ "
3
: L Eq 412-3
A b gc wb
| wb I T Ry = Vy [Imax. @ a < el .. . =2—L(2C + b)
R‘A xI Rza) : Ro =V, [max. @a>c] ... .= ;—L(Za + b
PRE. N P
_L | (Vx VW J@a<x<(a+b)]....=R ~vwx-a)
- R - p5E
v, Shear { Mm I@x-a+w] ...... Rl(a+2U)
l “ I b Mk [@x<al . ... .. ... = Ryix
N a+§I Mx [@Ba<x<(a+b)]. ... =R1x.—%(x—a)2
Mx [@ (a+b) <x <L} . .. = Ry(L - x)

JSwLY o w a2z

Momen t ‘ - 2a% + 3L2e2 - 2c")
L Eq 412-4
L2, Ry = Vymax. « 2 v v v ou v 4 = 2L - 2)
wa
2
. wa -
AI ” l Ro= Vy o v 0 v v o o o=
R R.
Hx 2 Vx [@x<a). ... ... .=R -wx
_L Vx R Ry 2
x 2L = DI
v, .1 Mo [@ x - 2 [N e
4 ¥ Mx [@ x < a) = Ryx - ﬁ
Ry Shear ] 1 ™ |¥x <ajl . .. . v 1X 3
R v
PELIN 7 Mx [@a<x<L]......=R{(L=-%
—-ﬂl IH . X __ (a2 - a2 - 2 - + Lx?
—Ij o Dx [@x<a) . . ... ... 24EIL(a (2L - a) 2ax? (2L - a) x?)
Mx
2 - N
Y ..Dx [@x>a). . ... . = ﬁLI;—L)(A)(L - 2x% - a?)

Moment v T 24E1L



412.3

Eq 412-5
wiaf2l - a) + wyc?
Ry =V;y . ... ........=2 T 2
t
3 : _ _woe(2L - ) + wja?
, - o - Rz=Vo . . . . . .. ... .= 3T
" >l
i woa r woe Vo [@wja >wae}l . .. ., L. =Ry
M—m Vm [@wija <wpel . .. . ... =Ry
R:_4 i R VxI@x<a].........=R1-w1x
R R;?
i AR Mm I@x=;}@RI<W13]'--=fh
v J 2
R R
T Mo [@x=1L~=2@R; <wyc] . =22
t:? Shear %_ [ vz 2 : 2wy ,
W Mx [@x<a].........=R1x—%-x—
—‘_*'—"T Mx @ a<x<(a+b)]. =R1x—%§-(2x—a)
- o ;
Mo -
“1 J | ! il Hx[@x>(a+b)]......=R2(L—x)—%)-
Moment 2
% J[when a and ¢ < L/2] . .. = %(31.2 - 2a?)
2
wocC 2 _ 2
* 96Er (LT - 2¢9)
. L . Eq 412-6

W o v o v v v v v v v w v . =uL/2

A—aﬁﬂﬂﬂmw Ry = Vi e v v v o v v v oo . =wll

RZ Rf R2=V2ma,xw.....‘...=wL/3

2
LSTTAL vx . wL _ wx

RN N RO oL

\'x 2
"iLED:EtJ:m:. Mo 1@ x = .5774L) . . . . . = ¥E_ 0 042uL?
L *:.:UIU 973

Shear v.
f Mx.............=~:—:(L2—x2)

@ x = .5193L] - 0.00652 ¥
" Mm Bm [@ x = . Ve e e . . T
o uX “ 2,2 4
Moment \Dx e e e e e e e e e e JE0ELL (3x 10L<x< + 7L™%)
L N
e ] Eq 4127
fmﬂb}l L 5]
- T 4
R L L R R v wl/
2 z L = (12 ~ 42
_L w Vx [@ x < 2] c e e e s a e AL(L 4x<)
v 4' Mum [@ center] . . .. .. . = wL?/12
2 2
1 1 v Z"lx[@x<%]........-2£(—;'---§:—)
wL
D [@ center] ., . .., .. .= m
Mx My Dx - _!Z_(SL?. - 4x2)2
) P = (s
!
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x P.
l Eq 412-8
-3 -3
R R R=V . v v v v v v i v v w o o=p)2
Mn [@ load] . . . . . . . . .. = PL/4
v DI[ID] shear | | M [@ x < L/2] ..o aa . = Px/2
3
m v Dm [@ load] . . . . . . e e e = %E—I
L L
3 3 Dx [€ %x <L/2] - « o v v v o .. - 4‘;;1(31,2 - 4x2)
\
e} Thm "
Moment
) ! Eq 4129
7
x,l P R; =V; Jmax. @a <bl]..... = Pb/L
Ry = V5 Imax. @a>b] . . ... = Pa/lL
A -3
Ry R Mo [@ lead] . . . . . . . . .. = Pab/L
Mc [@x<al. ... ...... = Pbx/L
V.:[DI[ I_}_ Mc [@a<x<L]l........ =?(L—x)‘ ;
T I T T
| : _Jaa + 75 _ Pab(a + 2b) V3a(a ¥ 25)
Shear K3 Dm [@ x 3 €a>b) .- 77 EIL
PRI b = Da J@ load] . . . . . .. ... = ggiiz -
HXI;————[! | IH 1.\1111 Dx [@x<al. ......... = g;’I(L 2 - b2 - x¥)
Moment x [Ba<x<Ll)........-= gégé%i:-ZL(—az + 2xL - xzj
2 Equal loads
Lt Eq41210a =b = ¢ = L/3
X |4 P
Hl l R=V e v v oo ie ot =P
s A Mm [between loads] ., . . . . = PL/3
R, R. Mx [@x<L/3]....... = Px
3
iw- v. Dm [@ center] . . . . . .. = %%%%f
V! 2
T’%Wi Dx [@x<a)........ =%(%~—x2)
a b __1- Dx [@a<x<(L~a)]...= %%Ef (3Lx ~ 3x2 - L2/9)
Eq 412-12a+b #c
SRR 3 Ry =V, [max.@a<b]....=%(L—a+b)
Ry =V, [max. @ a>b] . . . .= %(L - b + a)
Eq4i211a=b+c
q V3 I ={(b - a)
R=V . o v s v e s v ot s v u a P
Mm [between loads] . . . . . . . = Pa Mp [max. @a>b] ... = Ra
Mo [@x<al .o - Px M; [max. @ a<b}] ... ... = Rsb
Pa 5 5 Mc [@x<al.. ... . e .. = Ryx
pm (@ center] . . . . . . . . . = 24E1(3L = 4a‘) Mx [@a<x<(L=-b)]....=Rx-~P(x-~-a)
Dx {@x<al . . .. ... .. = %%T(BLa - 3a?2 - x?) M (€ (L=b) < x<L]. ... =Rl

P NOTE: For deflections use superposition of 2
bx [@a<x<(L-a)]..... = €§T(3Lx - 3x? - a?) single concentrated loads.
o



412.5

2 Unequal loads

P 2]
TN Eq 41213 P, #P,
y ¥y
5 Py(L - a) + Pyb
a = R At b S Bl A
T b IR =N I
i L
Rz.=V2..........=_Pla+._._..§2(1‘_~t_’.)

V3..«..--.-...=R1—P1‘
fl ] i My Imax. @ Ry <Py] . . .= Ra
v

M

y
_xi_ M, [max. @ Ry < Pp] . . . = Ryb
' ' Mc [@x<al] . ... .. .=Rx

Mc [@a<x < (L-b]..=Rx-Py(x=~a)
MXT Mx \ \
Yy i NCTE: For deflections use superposition of 2

Moment single concentrated loads.
L ,
x P P P
7' 1 1 Eq 41214
RS 2 R=V, + v vuuo...=23P2
Vo v o v i v v v v . .. =P/2
v, Mo @ x <Lfe) .. ... =X
o [ Trpseesr B, L
IV M [@ L/4 < x < 1/2] =+
! i : .
LiLijL L
s |7 sz M {@x=L/4].....=3—§L
o Lal rg > .
Mn [@ x=1L/2] . . . ..=DPL/2
: 19PL3
b1 E.I e Dm (@ x=1/2] . . . . . = SRR
Moment Eq 412-15
T
- > Pq(L - a) + Py(c + d) + Pad
5 P . Rl =V ¢ v v v v v v v i i oW = T
Xy : 3
4 Pia + Py(a + b) + P3(L - 4d)
r Ry = Vo v v v v v 0 v s s s o= T
& a
R, Rap V3 S TR N

Vl,.,.....‘......=R1—P1-P2'

. M ... ¢ . . =Ra
v, Ll_""l_ll—4— ___l_L My . . . . .o ... .a2R(a+b)-Pb
B IHT_LLD—L\“ M3 & s 6 o v v e v o v v oo =R(L=-4d)~Pi(b+c)~-Pac

a ch d Mn [when P > R3] . . . .. . =M

Mo [when P1+P2 > R3,Pp+P3 > Ry)= M3
M r ‘ M, Mn [when P3 2 R2] . . . .. .= M;
| \ NOTE: For deflections use superposition of 3
M, M, single concentrated loads.
1.
x1? ] lv lp P Eq 412-16 :
‘! [ R~V ... ... ... ,.m=2P
i AR v 1 P
2 & - * + . - - . . . . . . . =
_L Mx f@x<L/5] .. .. .. .. =2Px
vV .
\4 2 Mx L/5 2L e
e | [eu/s < x<auis) .. Px + PL/S
1 ¥ " 2PL
T IV 1 L T -——5—-
ol A
12 I_‘ [.: ]L B ) 3PL
5 5% S S Mo [@x=L/2) .. ......m= =
_ - 3.78 pLd
C ] Dx [@x=1/2} . . . . .. .. COET
m {Mx “11
v Wl




x 23
Rf; AR:
L
o
X a
¥
P C) EJLP
Foy
Rr 1 2 A\Rz
!
i L
] !
Py > P»
+ X " a .
[
P
"0 G
Ry T < Ry
L
L N
a
C.G.
L + Ps
F-y | 3
R; N | b R-
. | T
| 2
|
M
Moment
Cantilever Beams
. L
wl, .
7
| A
K1
4—f+4 i vz

Shear

Mx

i

Moment

Design 412.6

Eq 41217
Rim = Y \m [@ x =0]....=P

Mn [@ load, @ x = %J e .= %L

Eq 412-18

Rm=Vim [@x=0]......... .=P(2~—E)

@ a < .586L P a

_)2
@loadl@x=-%"(l.--%) a2

Mm
@ a > .580L with one load at _ PL
center of span v

Eq 412-19

a

L -
Rm=Vm [@x=0}..........=PF+F—7

2
X
(®y + P)T

1 Poa
[}nder P, @ x = 5(L - ;f—;—§3)} .

g
-
[

;‘I

Mm may be with Py at center of -
span and P, off span )

Maxinum shear is at one support when one of
the loads is at that support. With several moving
loads, locate them for maximum shear by trial.

Maximum moment is under one of the loads when
that load is as far from one support as the center
of gravity of all the moving loads on the beam is
from the other support.

Mm is at Py when x = b, and when the span center
line is midway between the center of gravity of
loads and the nearest concentrated load.

Eq 412-20
R=V . ... .. .......=ul
VX o o 0 v s e e e e e e e = wx
- ur?
Mu [@ fixedend] . . . . . . . = —J%E-
- = “2
Mx -« ¢ v v o v e e e e e 5
WL
Dm [@ free end] . . . . . . . = TS
' = gt - k" 4
DX v v v v e e e e e e e e e ZQEI(X 4L%x + 3L

For partial load from support to distance KL, substitute

KL for L. Measure x from left end of KL.

DKL'

D then becomes
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Vx
{
v
Shear
l\ix i
1
-
Moment
1.
> » ] ]
1 7.
Vi
3 b
| _}:v
Shear
Mx
1

Overhang Beams

I a

‘q w(L+a) :;4
[T

L a
2(1_f7) vx,

é_m Shear ___V*
-T— .}Vx ‘{fill‘ v}
L1 - 25
! Mx
Mx T 1
Moment { Mg

Eq 412-21

W..ooo.o.
R=Vv, ..
Vx ...

Mn [@ fixedend] . . . . . . . =

M ..., PN =
Dn [C free end] . . . . ., . . =
Dx =

wL/2
wL/2
wx?/2L
- wL2/6
- wxd/6L
wL*
30EI

_Y 5
T20ELL

Eq 412-22 a = 0 (load at free end)

R=V ..

Mu [@ fixed end] . . . . . . .=

Mx . . =
Dm {@ free end} . . . . . . . =
Dx T

Eq 412-23 a#0

R=V [@a<x<1l}) . . ..

Mx [@ fixedend} . . . . . . . =

Mx [@ x > a]

TS T S

o [@ free end] . . . . . . ., =

Da [@ load]
Dx [@ x < a]

Dx [@ x> a)

Eq 412-24
Ry = Vy .

Ry = V; + V3

L I )

H

Vi ... e e e i
vy .. =
Vx . . . =
Vx1 . . . . P
M [@xa%u—%i—)].....-
My J€R) o v v v i e =
Mx . . - . =

- X
24EIL

= X (4a2L - 13
ZAEI(t»a L - L° +

P
- PL
- Px

PL3
3E1

S5L%%x + 4L3)

P_(213 - 312x + xH)

6EI

- Pb
- P(x - a)
Ph?
6EL
Ph3
3EL
Pb2
6EL
P(L -~ x)?
6EL

(3L ~ b)

(3L - 3x

¥ 12 - 52
ar(Le — a9
¥ 2
2L<L + a)
wa
¥_12 2
2L(I. + ac)
Rl—wx
w(a - x1)

w 2
EET(L + a)<(

-~ Wa

2

-

(3t = L + x)

L - a)2

%%(Lz - a? - xL)

~ ¥a - 2
2(3 xl)

(LY - 212x2 + Lx3 - 22212 + 2a%x%)

6aZx; - 4ax;? + x33)
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Eq 412-25 )
wa
Ry = Vi v o v 0 0 v 0 v v 0 s 0= = LT
wa
Ry =V #V; o 0 . o o0 v o o = R(ZL + a)
L el Vo ¢ v e v v v v v v v s« s e ™Wa
e—»lx -
Vxl A 4 s = v s e s s e e e s » = W(B - xl)
[ll " ' - 2
y-3 " 7.y Mo {BRy] + v 0 o i .= ;a
R R-
- wa®x
- < i
v
i ‘ mi o MUY o 0 0 e e e e n e e e e == %(a - X]_)z
Vi I illl T
] 212
f wa<L
Shear Ve ‘DmxI@x*'—IJ'—] v E
272
e = - .03208¥2 L
L_ . EI
I T | @ xy = a) = Ei—(&L + 3a)
¥ ! Dmxy [@ %3 =al . ... .. o =T
Moment 2
oo FATX g2 | k2
Dx . . e e e e e e e s l?.EIL(L x<)
Dx) s e e e . = ——I-ZZEI(QEZL + 6a’xy - loaxlz + x13)
1. a
- VR Eq 412-26 .
1 wl. R=V...............=%I~"-
a L
R} L I,R Vx................=w§—x)
2 7
- - 2
~ 1 - ' Mo [@ center] . + + + « 4 4 o . .= wL?

rm-%\Shcar Mx................=zﬂ(1-"x)
\f

o
e

v 123 S L Al 5

I SwL”
T Dm {@ center] . . . . . . .. . .= JB4ET
- WX 13 L 2 3
. DX 4 n ot v v v n e a e e e e e e ZAEI(L 2Lx¢ + x3)
I} ‘F m wL3x1
- DXY o v @ o o o s 6 v u e e e e =
" TLET
4 I
Moment
Eq 412-27
R o WL(L - 2¢c)
1 - - - - - . » LR + - - . - Zb
L 3o wL(L - 2a)
RZ [ T 75
wl,
I l I ” Vi e« s s ¢+ s o s s o v s« « ®=wa
R, R V2 « e s 4o v s s s s = oo+ =Ry =V
il I b ¢ Vi o v o 0 v o o o o o oo« «=Ryp=V,y
V")r vx O I T
VoI HF’ T §v.
X

vx (@
v @

iN \J‘y‘t,\( W " wel
" R T
R

M3« « v e e et e e v e = RyGE - A)

»
A

L] « - « o v v + 4 =Ry =-wia+x;)

(]
A

¢l + 4+ s oo v v =Ry -we

2w
2
+
Mx [max.@x--?—a:l ...=Rlx—&ii)—
- 2
Mx, .-wxl
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L

il
3‘ a J: i RS
|

SR
RS
Shear
Sl NG
Moment
L a
~ g
X > -b-x'Atle
& - y
Ry R>
S IV‘"
Ve U]
L{_‘ Shear
Moment

Multi-Span Beams

wlL wL
HIHLHHIH[H]‘
oW
wi_ 3l 4
a2
BT

. 46L L46L

Dx [between supports]

Dx; [for overhangl . . .

Eq 412-30

Ry =V; =Ry = V3 . ...

R o« v e v e v u .
VQ'VE‘ ........
Mn .. “ 4 e e e .

M I@x-%E] e e e
M [@x<L). .. ...

Dm [@ x = approx. 0.46L]

Eq 412-28
Ry =V; [max. @ a <b] ., . ?
Pa
R; = V;, [max. @ a > b} . . . r
Mn [@ load] . . . . . . . . P—E—b
M [@x<al . .. ... Phx
L
“om [@ x ,,/a_(a__t_ﬂa_)_ @a> b= Pab(a + 2b)4 Ja(a + 2b)
3 27EIL
palp?
Da [@ load] ........ ﬁI—L--
Dx [@ x < a] e e e ::;L(LZ - b? - x?)
Dx [@ x » a] M(zu - x2 - a2)
" T BEIL
DXy v o v v v 0 v e e e = —JPZE;L(L + a)
Eq 412-29 .
- Pa
Rl = Vl ...... = T
Ry, =Vy +V, . . . ... .=%(L+a)
V2 ............ = P
Mn [@ Rp] e e = - Pa
Mx [between supports] a = iu
Mx; [for overhang} . . . . . . = - P(a - x))
1 PaL?
Dm [@ x = —ﬁ—_] ...... ., = - 06415 T
P 2
Dm [@x; =a) .+ .« .« « . = §%f(L + a)

-=:-2£(L2—x2)

6EIL

%(Zal. + 3ax) - x2)
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% L L Eq 412-31
vl R,-vl...}............-%wr,
Rl? ‘RZ? R'j‘ ) ‘ Rp =V + Vs o o 00 v 00 000 B%WL
l Shear J[ Ry = V3 . e e - = -i—GvL
vl Leneuiznas el .
Vs A PP .. . . e
7 _ 2 Igv’l.
4, :
16 7
Ma (@ xm Tl e
‘ — N : - s : -1 ;2
Hx_r ‘ hen M]_ (@Rzl L T S S T S TEVL
. IMI\L% Mo [@x <Ll ... = 0L - 8

4
Dm [@ x = 0.472L) ..........=.___._°~0CE>§2“L

wli wln

Eq 412-32

Y- . y .
.Rl R2 R R1=V1............=Till.+izl

Ry » o v son v wie o s v o o v« =wlhy +wl, - R - Ry
M; vl
T 0 T, GO RV sk TR
EIRAY e I
‘ v, T Wy e i e e e e e o =Ly~ Ry

X ;x
o _¥L,? 4wl ?
, My o e e e e e

M.\:}:— \ I —L . Rl wx2
MIM}T Mx [@ x < L; max. @x*w_]..=R1x=-2——

Mx; [@ x; < L, max. @ x1=_§}]’=R3x1—“2
Eq 412-33

AT ‘ ' R1=R;=V;=v6.........=%
R2=R3..............=l—i—:—l:-
\’2=Vs..............=~€’l-‘(~;'-E
v3=v.,..............=!2’—L
M I@stmax.@x=%]....=i‘%x—-E%‘f
My [@xl“<‘me.@x1‘=L/2]..=E—2L31—%_w’z‘h
D1=nm..............=sg‘l”é;
Dy v v e . o WL

4,.......1—9'20_EI‘

2
Max. Pos. Mom. - ALy 2wl
os m. My [@ x 13 75

. 2
Max. Neg. Mom. M; [@ x = L) = - _;.”6_
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Eq 412-34

wl wl,
IR ARNINNEANIAR!
] " Ry Vi ooe e e c . .= 0.3B3wWL
R2 v o v e e e e e e e e ... om1.20uL
R3 e o v o e e e e e e e e e .. = 0.450uL

Ry » ¢ v o v o v s v s s s v o 0w o =~0.033wL
V2 o o o v 0l e 0 v v 0 o v e s 00w = 0,617wL
V3 o v 0 v v e v v v v w s 0 e v e+« =0.583wL
Vo v v v v v v o 0 e 0w e s e s e . = 0,017WL

Vs = Vg v v v v v v v v s s e s o . . ™0,033uL
Max. Neg. Mom. M, [@x=1L1] .. = -0.1167wL2
Max. Pos. Mom. M; [@ x = 0.383L] . . = 0.0735wL?

Mx [@ x <L max. @ x = 0.383L] . . » (,.383wlx -

wxl

2

Mx; [@ x; <L max. @ x; = 0.583L) . . = 0.583wLx; -

2
2 . wWX]
0.1167wL —2—

Moz [@x2€L] o v v v o v v oo o= —0.033Wlx,

1
L L e L I . 5
HHIH

Rp =Ry = Vy = V4 o v v v v v w . . . = 0.450wL

l—‘ Ry =Ry =V, =¥y . . .. .. ... .=0.550w.
‘gLLU-iv? \LL]_;__V“ . Neg. Mom. M, [@x=1L) ... . = —0.05«L
&51{

451 Max. Pos. Mom. M; [@ x = 0.450L] . = 0.1013wL?
X

*H“

2
Mt @ % <Ll v v v v v v v v oo .= 0.450u #.12__

"‘“1
=

N
Dm @ x = 0.479L] . 0.0099wL

“ v e e ET
Mx
~ A

Eq 412-36
Ry = Bs = Vi =Vg v o o v v o v oo .m=0.3930
Ro =Ry « « « - . e e e e e e e e .. o= 1.l43wL
ol Wl wl, Wl RY o o o o o o s s n o s o b e e = 0.928vwL
I T T T O I T OTIITITh Vo m Y 0.536uL
- 7.---1-..--0.0-.0- .
R! R R- '
_ L IR" Rs V32 Vs o v v v v v v s o v n oo u s .= 0.607uL
- . L
< Ve ® V5 « o v e e e e e e e a e e e .. W 0.464VL
_t v e vy A My oo e e e R 3y S STt
T “EE "JEEEF“-E?‘%—L Mx [@x<Lmax. @x = 0.393L) . . . .= 0.393vlx -
393 v, Vs Vg .393T Ezi
* X X "
j ’—. Mx; [@ x; < L max, @ x; = 0.536L] . . = 0.536vlx; -
2
b En tore 4t | TITREE Y, 0.107101% - 25
M, ¥
Mx m | \Kf ’ H,t%? Mx 0.0065wL"

! Do [@x = 0.440L] . &+ v ¢ v o o s o o ™ Ei

Max. Pos. Mom, M; [@ x = 0.393L] . . = 0,0772wL2

Max, Neg. Mom. M, [@x =1L} . ... .= —0.1071wL2 M, = 0.036wL2

'



wlL
TTITTTT

_..'

v _L . V.

i
RSk

M,
e S Mx,

Max. Pos.
Max. Neg. Mom.

Mom. M,

M, [@x=1L]

wl.
IBSRANEE!

[€ x5 = 0.442L]

Mx |

R. R R

V.

= 9.0977wL2
. . . = =0.1205wL2

A

1
T
X

A

"

Mx

Max., Pos. Mom.

Max. Neg. Mom,

5]

My [@x=1

x; = L] .

[NTEad

M.

[@ x = 0.446L] . = 0.0996wL2

and @
. = ~0.0536wl2

Moment

-

v

Design 412.12

Eq 412-37
Rp =V .+ .. . . = 0.380wL
Ro « v o v © .. . < .= 1223w
Ry v v o v o 0 0 v n s e e . .= 0.357L
Ry v « ¢ v v o e e e n e . = 0.598wL
R5=‘V7 . . TR e e e e e o« = 0442w
V... . C e e e e . . = 0.620WL
v, .. . . = 0.603uL
Ve o o e e e C e . . o= 0.397u
Vs o o v e C e e e e w 0.040wL
Ve . . . . C e e e . . = 0.558WL
wx2
Mx [@ x < L max. @ x = 0.380L} .=0.3530wL:|:-——2
Mx; [@ %) < L max. @ x; = 0.603L] . = 0.603wLx, -
wx, 2
0.1205wL? - —pd—
M, [€@ x, <L max, @ x, = 1] . . .= —0.04wLlx; -~
0.0179wL2
¥x3; [@ x3 < L max. @ x3 = 0.442L] . = 0.442wLlx3 -
H'X32
5
0.0094wl"
Dmo [@ x = 0.475L] o o o .. ..o . om o
Eq 412-38
Ry =V .. s e e e e o= 0.446WL
Ry = R, e e . = 0.572wL
T e . = 0.464wL
Rs o « v . . e e e ... = =0.054uL
V2 o e e e e e . . . = 0.554ulL
Vi o v v o e I e s s o« » o = 0.018wL
Vy . PR v e e s o« o« o« o= 0.482vL
V5 o ot e e e e e e e e e e e e . .= 0.518uL
Ve = V7 . . ... . » = 0.054ul
“2
Mx [@ x <L max. @ x = 0.446L] .=O.4a6wLx-—2-
Mx; [@ %3 <L max. @ x7 = 0] . = 0.018wLx; -
0.0536wL?
Mxo [@x2<me.@xZ-0.482L].=0.482wLx2-
2
0.0357wL2 ~ 52—
Mxz [@ x3 <L max. @ x3 = L] « = =0.054wlx;
1N
Pm [@ x = 0.477L] . . . = 0-0097wL”

Eq 412-39

K=V ....

Rz

R3

V2

Mm

M

’V2+V3

-Vg..

[@ load]

I@ Ry

EI
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Y
rf Eq 412-40
! | R. R e
RT ‘ -f T R =V . . oo v v, .= %fg(aLz - a(l. + a))
L L
Rp2Vo#V3 & v v v . .= gfg(sz +b(L + a))
¢ A ey ' Fab
- Ry = V3 . . e == L+ a)
L N (| Shear ! oL . )
Vo e e e e .-ﬁﬁ@ﬂ-+ML+an
Mo [@ load) ) . = %ggmz - a(L + a)
" Pab
AﬁTTTW\k My @ Rp] . .. L= - Zﬁg(L + a)
)
: Moment
1? lv Eq 412-41
R v Ry = V - 2F
; = = =V .. , L=
FLT [ Rv? ‘ R ! : 16
11P
L I! Ry = 2V, . . =75
’ - 11P
topry  [MOT T VarEoR L. " T
_\f_ 1 [HII | : U—LU—DI e o
v L L L L Mm . I
2 ' g 2 T 16
X x - 2PL
*_"{ ! ‘[_' My v o v v s e e =32
.‘1;{ —1 /ﬂ"hg—l—-I - Mx [@ x < a} . P . = Rix
AN T M [@a<x<Ll........=Rx-P(x-L/2)
Eq 412-42
= =M B
P} P Rl Vl . -L—1 + T
Rz-..... =P1+P2"‘R1-R3
i S Ry =V L.y B
: Ly L jr 3 L T -
v, i ! Vo v v v s e e =P - R
_1._ ! v, V3 - v e . = Pz - R3
v }: I | l | v < + = Rja
a ] a , b b My . o . . .. . = sz
x :_‘ 2 2
‘ T 0 P L0 Rl 2.
"T—“"“$' 3 I6° L 13
| M c o
M, — /{rh\ l My [@x<a) .. .. =Rx
o W‘\m Mx M< [@ a <x <L) . = Ryx ~ P(x - a)
Mxy (@ X3 < b] + + . = Raxy
Mx; [@b < Xy <L] .= R3ix; - P(x; ~ b)
1P » » Eq 412-43
1 ! l ' ' M; + Piby
Rl = Vl P T TS "—r—————
2 IR?? | R T | R} 2 _M, - 2R)L + Pyep + Py(L + by)
2 e e o . T
L L L :
1 N [ | v, M - IRJL + Pycy + B3l + by)
Yy g l ” ; Ry . . . . T
I
LLLJJf I —f v - M, + P3b2
7l s lod ee inladl Bom Ve vmeee s T
l * - Vs, Vz e et 4 e e e . « o = Rl - Pl
EREER t | Vi e e O
*HIAT\‘T/I\ IﬁT\I”, Vi « v v v o s« s v o mRy = Vs
M E /
IMW Vg . . . ... + + « = Ry = Pj
M, .. - —4Pjajbj(L + a;) - Pacyep(7L - S5¢;) + Pibaas(L + ay) Hy . . *
15L2 M, . . o,
M .o . - Praiby(L + a;) - Pyeyca (2L + Se¢1) — 4Pgboan(l + az) M5 *

15L2

- . -R1l1

.M+ Vi

....-R:..az
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P
Eq 412-44
T T ‘ M Wl
TTEC T AR ERERE
L R, R, By v v v o o s v o o v o+ =L+ P =Ry =Ry
L .
- Ry m Ve ooev oo ... mtutPe uL

' ! 1% Vg o v e v e e v e e . mwle Ry
¥ I3V, Vi ... e .. .= wlL + P - Ry

- - o _ ¥WLZ _Pb(L2 - b2
x! i I I R N T S 3 J—z—l“

2
—I"‘ M, I@x-—R-l].......ﬂRlx-wx
3

2

2
MLI_‘V My [€ x =%3 when Ry < wb] = Ryxy - E;J

=X

Eq 41245
Po My + P3b wL
P i Ri=Vi v v v o -LITI— +Tl
vl E Rz.............-wi.1+wL2+P1+P2—R1-R3
[IEHT ] - e, v
e e e e e e e T
R | R:js ‘Rj‘ 2
L I.. V2 o v e e i v v e e e v =Wl + P - R
1-Lﬁ | b V3..-........-."WL2+P2—R3
;V 3 3
VIrh"" (11T * 4P1L12(3— —'3—3) + (IPZLZZ('B_ -—8—3) + wly? + wlp?
L L L2 Ly
X X3 fv My o v v o v h o e e e e = -
) ‘ " 8(Ly + Lp)
a b C a 1 2
| Ry wxp 2
Mo I@*;"" when Rp < wal . . = Rixj -
M, ‘—Lj‘
. M 2
R wX
‘l EI M, . 3 M3 I@-;:—') when Ry < wgl . . = Rgxp - 2_2
Eq 412-46
wL My + P1b
Ry =Vy o 0o v v v v T‘f‘—i—lJ'
M, - 2R;L + Ppcp + Py(L + by)
Ry « « s v v o v o = - 2wl + 2 1 Lz 2 1 1.
P
Py ’ - + + Pyl +b
" ’ l S A it Lo 3{L * 52)
LTI WL , My + P3b,
. Ry, = Vg + + « « v &+ =-2——+-—‘2T-3—-
1 R? R;? Ru
L 1 L Vz o v o v s e e« - o =Py +wl-R
Vi e v v oo o s o« =Ry =V
Vs v
'LTnTITh:ZT } Vi + v« s « = o+ =Ry =-Vsg
T R & ---{-.'L.'L'L-];l ’ Vs v v v o 0 v o s o o ™ Py + wL - Ry
v v
1 2 u v,
a, | by | ey ]cobal a, My o oo e e .. ow TAR1AIb (L + 1) - Pociep(TL - Scy) + Pyboap(L + az) _ wL?
| 'l 1512 10
I~ M
{ AM“/ Me My o i i i i e .= Pyajby(L + a3) - Ppeyen (2L + 5¢) - 4Pybjan(L + ag) _ ;;162
\j/VIn] 1512
ik wap?

M3 . . . o ¢ . .. . . =Rjay~ —
2
My . . . .. .00 o =M + Ve - f_;l_

2
Hs...-......-RQaz—igZ_
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Fixed-End Beams

N N A
N 7
H"‘C ENIERREERENE| )”’a S N ; -
N f N 4 ] T
Eq 412-47 A L & Near End Hinged N Far End Hinged
RA RB MA = . MB = 0

Both Ends Fixed

Fig # HA nb RA xs
7 vl .
TITIIIITTIIIIR 1 Lo o vz w2
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Table 631-1. Insulation values,
From 7981 ASHRAE Handbook of Fundamentals. Values do not include
surface conditions unless noted otherwise. All values are approximate.

R-value
Per inch  For thickness
Material (approximate) listed
1/k 1/C
Batt and blanket insulation
Glass or mineral wool, fiberglass 3.00-3.80
Fill-type insulation
Cellulose 3.13-3.70
Glass or mineral wool 2.50-3.00
Vermiculite 2.20
Shavings or sawdust 2.22
Hay or straw, 20" 30+
Rigid insutation
Exp. polystyrene,
extruded, plain 5.00
moided beads, 1 pcf 5.00
-molded beads, over 1 pcf 4.20
Expanded. rubber 4,55
Expanded polyurethane, aged 6.25
Glass fiber 4.00
Wood or cane fiberboard 2.50
Polyisotyanurate 7.04
Foamed-in-place insulation
Polyurethane 6.00
Building materials
Concrete, solid 0.08
Concrete block, 3 hole, 8” 1.1
lightweight aggregate, 8” .
lightweight, cores insulated 5.03
Brick, common 0.20
Metal siding 0.00
hollow-backed 0.61
insulated-backed, 34" 1.82
Softwoads, fir and pine 1.25
Hardwoods, maple and oak 0.91
Plywood, 33" 1.25 0.47
Plywood, %" 1.25 0.62
Particleboard, medium density 1.06
Hardboard, tempered, ¥4" 1.00 0.25
Insulating sheathing, 2%42" 2.06
Gypsum or plasterboard, 14" 0.45
Wood siding, lapped, ¥%"x8" 0.81
Asphalt shingles 0.44
Wood shingles 0.94
Windows (includes surface conditions)
Single glazed 0.91
with storm windows 2.00
Insulating glass, V4" air space
double pane 1.69
triple pane 2.56
Doors (exterior, includes surface conditions)
Wood, solid core, 134" 3.03
Metal, urethane core, 134" 2.50
Metal, polystyrene core, 134" 2.13
Air space (¥ to 47) 0.90
Surface conditions
Inside surface 0.68
Outside surface 0.17

*The insulation value of fiberglass varies with batt thickness. Check package label.




Table 631-3. Insulation R-values for other construction.

Roofs

Metal roofing, 2342” insulating sheathing
Metal roofing, 0.4” expanded polyurethane
Metal roofing, 1” molded polystyrene, 1 pcf

Ceilings

2" expanded polyurethane

%" plywood, 4” glass or mineral wouol fill
insulation

Metal roofing, R-19 blanket insulation

1" plywood, 8” glass or mineral wool fill
insulation

Doors

12" plywood, R-2 blanket insulation, %"
air space, 2" plywood

2" plywood, 1" polystyrene molded, 1 pcf
Y4” air space, ¥2" plywood

Floor perimeter (per foot of exterior wall)
Concrete

Concrete, with 2"x24” of rigid insulation
around perimeter

R:
2.91
3.35
5.85

13.35

13.47
19.85

25.47

499
7.98

1.23
2.22






