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| » f - o | j 4 | 1] 3" CL300 RFSO FLANGE— HUB REMOVED . SA—182 F304
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335

300 Ib. FLANGES
300 Ib.
STANDARD ANSI B16.5 . LONG WELDING NECK
1
1. All dimensions are in inches. ' K"‘ﬂ“‘\gl “s
2. Material most commonly used, forged N i | 1. All dimensions are in inches
steel SA 181. Available also in stainless \ 2. Material most commonly used forged
steel, alloy steel and non-ferrous metal, WELDING NEcK N\ \ steel SA 181. Available also in ,stainlgess
3 g:se”.m ’g‘ ]’;‘“seéi Jface is included in o G, \\\ § ] ‘3 flflfel, alloy steel and non-ferrous metal
nsions C, D and J. - the 1/16 in. raised face is j in
4. The lengths of stud bolts, do not include v —3 ;\,____N \ -dimensions J and M. ¢¢ 18 included in
the height of crown, ‘ M s: . —T \\\\ \ ¥ | 4 The length of bolts do not include the
5. Bolt holes are 1/8 in. larger than bolt ' \ N height of crown,
diameters. :\—J , % N N 5. Bolt holes are | /8 in. larger than bolt
6. Flanges bored to dimensions shown un- s o \ N diameters.
less otherwise specified. "ON , \__] 6. Dimensions, M (length of welding necks)
7. Flanges for pipe sizes 22, 26, 28 and 30 l , T — }_ 2 A are based on data of major manufac-
are not covered by ANSI B16.5. @ / ///% 4 ] L , lté‘;;s- thLonlig ngding necks with necks
, l - T than listed are availab] i
SEE FACING PAGE FOR DIMENSION K ,f‘-"l e order. avle on special
AND DATA ON BOLTING. BLIND
- - : SEE FACING PAG
Diameter [ D ; E FO
Diameter Length :;r;l{c; gr 1ar:feter Outside ' Outsids R lDIM.ENSION J.
Nominal of Through at Point Hub Diameter Thlcéc;:esS D!al‘l)l;-‘ter N Length of Boits
Pipe Bore Hub f of ¢ 0. Diam. . .
Size ’ we]?jing B;te | Flange | Flange Raised of xO;n Bolt s DQutsnde Length Dxar(x)xfeter Nominal
A B C D Face Holes Bolts | Circle Raised Ring fameter Bore Pipe
E G H J K . Face Joint Size
Y 62 88 [ 2% % L M N
. . .84 ’
13/4 .82 1.09 2% N 1.05 :72 3:2 :2‘ 1% 4 Y 2% | 2u 3
105 | 136 | 2% 1%s 1.32 2V ATh e ; Yie y % 3%l 3 3 v
1"/4 1.38 1.70 2%s 1Y% 1.66 2V 5% ) ) 3% 1Y 3y 2% [ ]3/4
;A ;.61 1.95 21146 1% 1.90 2% w: '{24 2;/2 4 % 3% v 3% 2,
07 1 244 1 2% | % | 238 | 3% | ey A 2% 4 w4l su | oay | 3% "
He 247 | 294 | 3 1% | 288 | a4 | 7 | 4% n e 3% 4% s | 9 2
. 3.57 3% 1% 3.50 4% ¢ 8 §Z 57
) . ) 8% 1Y 4 78 4 43
3%, 3.55 4.07 3% 1% 4.00 5Y% 9 ,:;,: g,/z g ;‘/4 6% 4V 5 % 3'5/5?‘ § 2,
4 403 | 457 | 3% 1% 450 | 5% | 10 1 %ol 7| a4y 5% | si 2 3
3 205 | 546 | 3% | 55617 11 1 Sfe | 8 %l 7| an 5% | sy ) *
: 7 ~ : —_
: 672 | 3% 2% | 663 | 8% | 120 | Theals 255 T~ e T/ et 4 24 g% % | 7. - .
: 798 | 872 1 4% |7 2% | 8.3 | 10} : - SA.|. 8% E
10. | 1002 | 1088 | 4% 2% ' 10% | 15 1% (| 10% | 19 - - 12 5- 6
* o . oty M .W g
12 1200 | 12.88 | 54 2% }%ﬁ 1'32//8 ot | 1% 2% [ s | 4 ,'2,/ 4 % | 10% ” 8
| : i | 20% | 2 15 16 | 1y a1 ¢4 7 12% S Y
14 1325 | 1414 | 5% 3 1400 | 16% | 23 ; o LA %o | 14% 1 & | 2
:g };gg 1616 | 5% 3% [ 1600 | 19 | 251 gl//: }g,‘/' 20 | 1% | 204 | 7 7% | ey [T &
: 18.18 | 6% 3% [ 1800 | 21 28 2% 27 20 ]z:;, 2% | 7w 8 | 197 14
20 19.25 [ 2020 | 6% 3% 12000 | 23% | 30y 2V, ) M%) 7Y 8% | 21 136
2 |33 22| & | 4 200 | oy | 5% | 2 N RS IR I O N YV BT I
. 24.25 6% 4% | 24.00 | 27% 36 2% 271 gj : "7 29% | 8y 9% gg
26 To be 26.25 7Y% 7V 26V 28% 381 3% ) 2 32 Y 10% 27% 10-14 24
. gg s?e:’i._ §g§§ 7'35, 7% | 28Y% 30»/: 403/: 33/: 3?,';2 gg }% 34%2 | 1o 3 294
ie - 30. 8Y 8V 30Y; 329 3 5, N 2 Y% |~37 10, 1 N 26
2% | 4 3% 3% | 28 [y | 3u | i, :;vjf A 28
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Torquing and Preload Considerations 1-27

= ' teners
: orqu ferrous Threaded Fas g
-Totque Values for Non Sener i onl
. TABLE 1-3 Sugg?tedﬂggxggéggg mgximum torquing valuef for ﬁ:ﬁiie:\ 3;(:%"3 L dean
S - . | This table fs ofete aducted on dry, or near-dry, products.

h iy SUQQGSted Locknut nghf i
T ss torqu ttain the same ¢ mping
A lubricated l)()h requi es less torque to attal cla 1 N en ng.ToIq" val

a guide. Actual tests were co

Steel hex locknuts Steel hex flange locknuts
. ign matter. ade & . . € 1 Cr dnute i -
grz:‘;}::ﬁgnﬁ?‘r‘:imed bolt f lon represent a safe working torque; in the case of nylon Grade B locknuts Grade C locknuts | *Grade F locknuts Grade G locknuts
All values shown on chart except ?:J:?’ue Locknut Locknut | Locknut Locknut
only, the figures represent breaking torque. - Locl(m:jt o ht:htenir;g o tifhlem?g ol tightening tightening
. i size an amp | torque amp | torque amp | tor :
18-8 W stainless steel Monel M threads load, 4 load.‘ ! — lc:\r(‘i],x oravel (l:l:gm toravet
Bolt size | stainless steel | Brass ¥ roS— perinch| b | Max | Min| Ibt | Max| Min| Ib°® | Max l Min| 1bt | Max l Min
r\‘@":ﬂ'&s‘l”?r‘l ,_————-2-6———*] 95 0.44 . COARSE-THREAD SERIES
v ’””{’TW gg 17 32 sty 1,20 2000 | 85 | 60 | 2850|125 | 85 [ 2000] 95] e5] 2850 150 | 100
64 80 | ) A 40 hel8 1 3,350 1150 1110 | 4700 1190 1130 | 3350| 180 | 120 | 4700 240 | 155
T e | 3e 3.6 2.1 46 .45 %-16 4950 1 20 | 145/ 6950 | 28 | 20 | 4950] 26! 16 6950 32| 21
3.48 39 16 41 24 | | 10 Y- 14 6.800 1 32 | 23 | 9600 43 | 31 | 6800 42| 28| 9600 51| 34
156 ,,____.Jjw———— - M——-—’Q'-'(;"“ 55 53 1.1 Y13 9,050 | 50 37 | 128001 62.5| 45 9,050 57 38| 12,800( 85 55
. o a0 5.9 43 4-? 36 69 L N Y612 11,600 | 70 | 50 | 16,400 | 95 | 70 | 11,600| 85| 55| 16.400 120 | 80
LT . 66 54 61 <28 1 78 . 911 14500 | 95 | 70 | 20,300 1225| 90 | 145001 112 | 75 20.:300.].143.1..95 ;
ST o 448 ] 12 8.1 ’8 A 10 | 2T300 TT65TT851"30,100 210 [ 155 | 21,300 150 | 102 | 50.100 | 240 1 160 %
) R ; 540 17 6.3 8.7 5.1 } 9.8 e R e 24,5007 250 T I8 4 T 600 T 31V 5 T99s
. ’ - S0 o4 7. . "‘“’”‘E{"”‘Tr o8| 214 ;’ 18 38,700 375 (275 | 54,600 |462.5|350
6-32 9.6 'é‘g 33 2'.6 M_B—?M | 123 ] o FINE-THREAD SERIES
: 6-40 W*___E;L____.;—fw——-“”*‘";(;‘s"‘ 20.7 22| 43 - ¢ 1,28 2300 1.90 | 65 | 3250|125 | 85 | 2300| 115 75| 3.250] 160 | 105
T 19.8 16.2 18.4 12‘ 0 23.0 22.4  Hhe24 3,700 {160 | 120 5,200 1200 | 140 3,700 260 | 130 5200 230 | 155
8-32 920 180 | 204 | 120 | T e | 661 %24 56001 22 | 16 | 7900 29 | 21 | 5600| 95| 17| 7900| 33| 20
836 | o [ 12 138 238 §4~~9 8.9 7-20 7.550 | 34 | 24 110,700 | 43 | 31 | 7550| 45| 30| 10700 60| 40
10-24 22.8 lgg 29-3 19.2 33.1 . ,-20 10,200 | 52.5| 37.5| 14,400 70 50 | 10,200f 66 44 | 144007 89 59
10.32 LA I M B p e IR R - hels 1130001 775 5751 18,300 | 95 | 70 | 13,000 94| 62| 18300] 132 | 88
s | 615 | 688 456 g0 |- 1080 | 208 W18 1 16300 | 97.5| 725 23,000 (125 | 90 | 16:300| 120 | 80 | 23000| 175 | 115
Y/-20 75.2 770 87.0 57.0 I — . Y16 23,800 1165 1120 | 33,600 (210 |155 23,800 192 | 128 | 33,600 270 | 170
wes | 940 0 138 149 | 349 - Uel4 | 324001270 {200 | 45800 |312.5] 225
918 132 107 123} s 147 60 | 114 143300 [400 [300 | 61100 500 |362.5
16 " |
5,0'-24 142 116 " 047 266 * Clamp loads for Grade B and Grade F locknuts equal 75% of the proof loads specified for SAE
v ——— 36 192 219 14 971 o4 | J429 Grade 5 and ASTM A449 bolts.
) . 9,16 212 240 157 S } Clamp loads for Grade C and Grade G locknuts equal 75% of the proof loads specified for SAE,
.. . ) . 394 259 | ate 293 497 ]429 Grade 8 and ASTM A354 Grade BD bolts.
— : i S 317 349 228 118 451 Torque values for 'h- and %-in. sizes are in Ib-in. All other torque values are in Ib-ft.
- T Y- 14 33(5) 327 371 249 |4’ b SOURCE: The Industrial Fasteners Institute. .
VS 7,4-20 L 3 584 - : k
"f“*"‘”—;i}"# 422 480 313 |- i‘é?, 613 , , :
'/2" -13 a4l 443 502 328 T ening torque requirements can be noted based on K factors of .20 and .15. The torque
1,-20 ~'6*3‘2’““ 413 713 77é coefficient of .20 is an estimate for unlubricated and dry fasteners, while the coefficient
. . 9,012 682 gig 697 456 _,___,l{;z__-«——— 8% | of .15 approximates a plated finish. The use of additional lubricants such as oil, MIL-
» 9 o-18 _,___.'_I.L—-w——- - 1160 1330 §'5§44 grap!nte grease, waxes, etc., can vary the K factor from 0.07 to .30. For specific
"57”1.1“— 1110 907 1030 ;gl)g 1301 1482} tBSIgn applications with exacting preload control requirements, it may be necessary
513”118 1044 1016 1154 T 0 {tiest and evalua}te the specific bolts and nuts intended for the design application to
. 49 1416 980 1582 1790 eS ne UECBSS@‘Y installation-torque values.
' 310 1530 1320 1382 © gs8 _,_.E.S”L———W""”/ T uggested tightening-torque values for nonferrous threaded fasteners are noted in
’ : . 3,16 1490 p o430 | 2175 - alble I3, Suggested locknut tightening-torque values for use with standard series
- = e | 2398 1905 | 2140 }230 2490 ﬁl —— e°n'si§ are noteq in Table 1-4. As with all previous discussion concerning torque-
7/2"-14 2318 1895 2130 o 1130 eyl%l; Etl;(\)azfamtf':si télf;Se values ]aredintended as guidelines. It is recommended that
S RN 5 2905 30 nliated for particular design joints.
1-8 3440 %g;g é& 1995 L 3250 LLL—/ -19 Tum-of-the-Nut Method Under field service conditions, when torque
I'-14 w__,?_lvl_(.)—-w—l———ﬁ v ALW'FEET _— agc ;ﬁS are not available, an alternate technique has been employed for tightening
) _,——————-'—"‘452"“"1—’4’99,’1 o ";r? Dr}?load. _This system requires the nut to be seated to a finger-tight condi-
— —«—-——Z;;—"";m-—gm 265 C a8 am o a ™ this position, the nut is subjected to an additional turn to induce preload.
v-7 30 318 a1 | 951 | — mount of the tumn required will vary with bolt diameter, thread series, bolt
i@_‘_}_z_wMM”‘;s—s” 236 546 =75 S e;c., and will usually be specified for the fastener system. The technique
1T 523 433 447 a8 | 504 | L 4— res considered as a less exact substitute for calibrated equipment. The system
12 _,._._fL 394 _...___b—-ro.— 230 1064 aSEIFltlve determination of the snug-tight position of the nut. It is not con-
Ti;l:%l“;— ggg g% 2%% %O ’ 732 L_.E.;io—-fl_,—/ ¢ tcl))% é:g?;\ein\?ere self-lscking nuts are used since the finger-tight condition is
10
Reprinted by permission of ITT Harper . . .
. . .1-26 ° ) :
L]
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2,/,2 DETERMING THE <STRESS (EVEL
AN SECTION. b= b, FIG{ ]
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2.3 IMPACT LOKD CASE
IT IS ASSUMED THAT THE STRESS /NCREALCT
MAY REACHED TWICE, 7PE LEVEL OF A- STATIC
MAX 1 MUM |
IN THIS (AT |

6= 999.3 x 2
g = 9.6 [pst ]
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Formulas for Stress and Strain : [cHAP. 15 —
R RgARE ) Wy G (YOUNG -
original dimeﬁglons, ﬁécome‘s:l%uaf t&l‘)xe ultimate tensile strength of
the material as determined by a conventional test. On the other hand,
some materials fail at values of o, as low as 61.5% of the ultimate
strength, and the lowest values have been observed in tests of solid
disks. The ratio of o, at failure to the ultimate strength does not
appear to be related in any consistent way to the ductility of the
material; it seems probable that it depends on the form of the stress-
strain diagram. In none of the tests reported did the weakening effect
of a central hole prove to be nearly as great as the formulas for elas-
tic stress would seem to indicate.

’

710

15.3 Impact and Sudden Loading

When a force is suddenly applied to an elastic body (as by a blow), a
wave of stress is propagated, which travels through the body with a
velocity

(16)

where E is the modulus of elasticity of the mateﬁal and ¢ is the
weight of the material per unit volume.

Bar with free ends. When one end of an unsupported uniform elastic
bar is subjected to longitudinal impact from a rigid body moving with
velocity v, a wave of compressive stress of intensity

v |SE
0’=T/E—-U ’tg"

is propagated. The intensity of stress is seen to be independent of the
mass of the moving body, but the length of the stressed zone, or
volume of material simultaneously subjected to this stress, does de-
pend on the mass of the moving body. If this mass is infinite (or very
large compared with that of the bar), the wave of compression 18
reflected back from the free end of the bar as a wave of tension and
returns to the struck end after a period t, =2L/V s, where L is the
length of the bar and the period ¢, is the duration of contact between
bar and body.

If the impinging body is very large compared with the bar (so that
its mass may be considered infinite), the bar, after breaking contact,
_ moves with a velocity 2v in the direction of the impact and is free of
stress. If the mass of the impinging body is u times the mass of the
bar, the average velocity of the bar after contact is broken is

pv(l — e~ ) g

an

ﬁ*\:m ‘ '

¥
#*:
4

Dynamic and Temperature Stresses

|

and it is left vibrating with a stress of intensity
v
=3 Ee-#u

wh_ere B=A./5Eg|W, A being the section area of the bar and W the
weight of the moving body.

B.ar with one end fixed. If one end of a bar is fixed, the wave of compres-
sive stress resulting from impact on the free end is ‘reflected back
unchanged from the fixed end and combines with advancing waves to
produce a maximum stress very nearly equal to

v 2
M =— [y +2
axo VE<1+ u+3)

where, as before, u denotes the ratio of the mass of the moving body to
the mass of the bar. The total time of contact is approximately

tL- 1 1
TV TyEte e

[The above formulas are taken from the paper by Donnell (Ref. 5); see
also Ref. 17.] o

Sudden loading. If a dead load is suddenly transferred to the free end of
a bfar, the other end being fixed, the resulting state of stress is charac-
terized by waves, as in the case of impact. The space-average value of
thg pull exerted by the bar on the load is not half the maximum tension

asis usu.ally assumed, but is somewhat greater than that, and thereforc;
the maximum stress that results from sudden loading is somewhat less
than twice that which results from static loading. Love (Ref. 6) shows
that 'if u (the ratio of the mass of the load to that of the bar) is 1, sudden
1,0a§1n§g causes 1.63 times as much stress as static loading; for y = 2, the
}‘at;o 18 1.68; for u =4, it is 1.84; and it approaches 2 as a limit :is K
Increases. It can be seen that the ordinary assumption that sudden

(18)

always a safe one to make.

&- loadigg causes twice asmuch stress and deflegtion ag.static loading 1s ig |
= - AT | 3

:ﬁ;velng Ioafi on Poam. If a constant force moves at uniform speed across
: am with smp}y support.:ed ends, the maximum deflection produced
Xceeds the static deflection that the same force would produce.

U represents the velocity of the force, I the span, and w the lowest

. Ratural vibration frequency of the (unloaded) beam, then theoretically

' it z maximum value of the ratio of dynamic to static deflection is 1.74;
; ply ccurs fqr U=wl/1.64n and at the instant when the force has pro-
ssed a distance 0.757! along the span (Refs. 15 and 16).
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34

COARSE THREAD FINE THREAD
PRODUCT SIZE
DIA. in. STRESS AREA; THREADS STRESS AREA, THREADS -
* sq in. per in. sq in. per in.

6 0.00909 32 0.01015 40

H 0.0140 32 0.01474 36

10 0.0175 24 0.0200 32

12 0.0242 4 0.0258 28

/4 0.0318 20 0.0364 28

5/16 0.0524 18 0.0580 24

3/8 0.0775 16 0.0878 24

7/16 0.1063 14 0.1187 20

/2 0.1419 13 0.1599 20

9/16 0.1820 12 0.2030 18

s/8 0.2260 1 - 0.2560 18

:i' 3/4 0.3340 10 0.3730 16

= T 9 0.5090 u

1 0.6060 8 0.6630 12

1-1/8 ©0.7630 7 0.8560 12

1-1/4 0.9690 7 1.0730 12

1.3/8 - 1.1550 6 1.3150 12

1172 1.4050 3 1.5810 12

T - =

] ‘ .

HAZARD ANALYSIS — CASE WITH INADEQUATE
TORQUING OF UPPER (2) 3z " BOLTS - FIG 1.

THE SHEARING OF As BOLT WILL RE TH=
GOVERNING STREGS.

ReF, [1]

Threaded Fastener Standards 1-31

TABLE 1-8 Tensile Stress Areas and Threads per inch

Tensile stress areas ore computed using the following formuta:

-2
= 0.9743
A, =0.7854 [D - —-—n-—J

Where A = tensile stress area in square inches
D = nominal size (basic major diometer) in inches
n = number of threads per inch _

SOURCE: Industrial Fasteners Institute.

2 A WHERE 4

A & 0,331( [Ijﬁz}
T —  SHEAR STRESS

(psi ]

749,

2(0.3%) -
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21-4 w/ Load and Stress Analysis

friction, inertia of moving members, rotational
forces upon bearings and their housings, ﬂwheel
energy, and so on. He nowhasa graphic picture of

the loads emanating from the power train from end

- to end. From this information he proceeds further
to chart thedi stribution of forces, adding inthe ‘dead

weight of machine members.

~ Considering individual members, there are
" many possibilities. Torque on a shaft or other re-

volving part is determined from the motor horse-

power and speed (T =63,030 x hp/rpm). Or, tool

pressure and work or tool diameter, if known, per-
. mit calculating the torque,

Many mechanical and electromechanical trans-
help in evaluating loads on

ducers are available to
existing equipment or on prototypes. Many of these

instruments incorporate electrical strain gages ina
precision bridge-type sensing element. Suchtrans-
ducers include load cells, pxessure gages, torque
meters, dynamometers, accelerometers, flow me-

ters, and load beams.

On equipment such as a hoist or 1ift truck, the
maximum load on members can be figured back
from the load required to tip the machine over.

When following an existing design on 2 power
shovel or ditch digger for example, the maximum
strength of cables that have proven satisfactory in
gervice can be used to work back to the load on

machine parts.

If a satisfactory starting point cannot be found,
~ the design can be based upon an assumed load and
subsequently adjusted from experience andtest.

4. FACTOR OF SAFETY

The anticipated loading, translated into stresses,
dictate the proportions of the individual machine
member. However, 2 factor of safety must be in~-
cluded in the calculations in order to ensure the
member’s withstanding greater forces that may
possibly result from:

1. variations in the material;

2. faulty workmanship in fabrication;

3. variations in actual load (Ex: hitting anim-
movable object with an agricultural imple-
ment; interrupted cut in rough machining-

hard steel on 2 medium-duty machine tool; -

overloading-a lift hook; etc.); and
4. error in design computations.

There are various ways to determine the factor
of safety, and yarious ways in which touse it. The
two decisions are interrelated.

In order fora machine member to have sufficient

strength, the maximum unit stress must be limited
e e loes than the material’s yield strength

or ultimate strength with proper consideration for
the safety factor. Once the member’s proportions
are established, this allowable unit stress canthen
be translated into allowable load.

Ordinarily the allowable stress must be relative
to the material’s yield strength. In most machine
members the permanent deformationthat would re-
sult from exceeding the yield strength might seri-
ously affect further performance of the member,
This is not always the case however; andif a degree
of permanent deformation canbe tolerated, adesign
based on ultimate strength canbe made atless cost.

In order for amachine member tohave sufficient

rigidity, the maximum allowable strain or deflection
Ts the determining factor. Inthe past many design-
ers were under the impression that zerodeflection
was desirable. This is not at all realistic: if zero
deflection is mandatory, zero stress is mandatory.

This would mean the member could carry no load
at all. ,

Once the maximum allowable strain is estab-
lished, the corresponding stress figure can bg ob-
tained since stress and strain have 2 proporglonal

relationship within the elastic range. _The safety

factor is applied here to determine the maximum

allowable stress, which can then be used in propor-
tioning the member.

The relationship of stressto strainis expressed
by the material’s modulus of elasticity, which is
30,000,000 psi for all steels intension. Thus, if the
maximum allowable strain is 0.001 in./in., the cor-
responding stress would be 30,000 psi. The modulus
of elasticity of a steel in shear is 12,000,000 psi;
therefore, it is essential to keep inmind the type of

force involved.

Any basic rule-of-thumb safety factor that is
sufficient for static loads under ideal conditions
must be increased under certain circumstances. It
is important to correctly determine the mode of load.
Consider notonlythe condition at time of initial con-
struction, but the possible effects of wear. A cal
follower in a barrel cam produces a yariable load-
ing. After a relatively short period of service
wear in the cam track often resultsinan additional
severe impact loading. .

High speed motion pictures and vibration moni-
toring equipment frequently revea
or impact loading conditions where only 8

had been assumed.

tatic loads

A variable load necessitates use of 2 higlh:f
safety factor thana static load does. An jmpact 10

also requires use of a higher safety factor d
concentrate
The presence of local areas of a safety

stresses are usually ignored in assigning t of
under impac

lvariable loading

. Pow

_variable load
vital role in these concen

stresses;

st et o i T i T,

High stress cc;noentratio
: : ns are
2::0;;228(1 tw1th aprupt section c}rlsnmg
ave pre Sen at points of contact bet\ge
and 1t upport or load. An example of
pressures of high intensitg sv?)l

Traditional Safety Factor

One pro
atory procedure for determi
chinery builders, is as follows:
1. :
2.
3.
4,

assign an initial fact
; . or of safet ;
if a cast material, multiply by ;j:/zf z’ngnd

if a brittle materi
if ¢ al, i
if impact loads, multirgl‘;}%ilg by 1.2 and

F
or example, the factor of safety of the follow

ing materials would be:

rolled steel

cast steel (3 x 115)
malleable iron (3 x 11%4)
gray cast iron (3 X 1% x 1.2
extruded aluminum B
cast aluminum (3 x 1%)

SR
L
SComwo oo

) A malleable i i
Toas le iron design subjected to impact

woul i
d thus be assigned a service factor of 8

These service f
boin ‘ actor values are b i
beir tg}'l 21?1\);3?((11 to .the ultimate strength 2fs :fn‘)? th‘elr
rds, if the bar steel tobe used irfi elt‘lal.
a ten-

sion member has a i |
90,000 oot o o an ultimate tensile st
psi, dividing by the service factof' :fe?fl %vtgufdf

give the allowable uni
. . nit stre .
used in design Computations.ss of 30,000 Ppsi to be
If working with i '
variable or fati
prope atigue
by tI})1 e:r‘fe‘endurance value for the ‘mate%‘ial I.Oad.S. ) the
actor of safety as found above s divided

Itiss i i
AN orlrrllflttlil;l(ias simpler to apply the service fac
spocttic motipl ef to the calculated load on th~
» thereby giving us the allowablg

load to be .
used in our .
allowable unit Stress. computations rather than the

tor

In ei
plios alsth;rdicjisse’ whether the service factorisap-
mataresy 2 4V aor to th_e ultimate strength of tﬁe
the 2l or multiplier tothe calculated load in
o » we would end up with a member f:h;rtl

ould fail only i
; y if the appli
1ts rated load—bearingpfa;2i§€; ces reached 3 times

An error i i
Fhe or is sometimes made in simply applying

saf
te ety factor to the service load onthe machine

1f,

= ’(I)‘?(eie;?isxlt_s ia);l'e not as reliable, since the in
o e othereégc: of m.embers, developed horse—
w s ¢ ors involvedinthet s
v individual members are not consid(:?écfci)g(t:ﬁ:

flue

-tesu]t i
3 ant safety margin for any individual member

factor under static load. W

. tra
in reducing —the mfed stresses have a

st commonly
S. They also
en a member
this exists

m :
echanical fasteners and the members ch; : Siween
onnect,

4 ni X
following traditional pract?ge;hiffiﬁgor .
ma-

forces.

Loads and Their Evaluation / 2.1—5

TA
BLE 1. - ALLOWABLE STRESSES

Tension
o = .60 oy

Bendin,
& o= 600y

Shear = 40
=, oy

Compression
L. T, o= O o’ [(L\?
T from zero to C. | 192 7.682E -r—)

—_— or o — (16,9‘00 2]
L/r ) 1.92

o v o

.= [27E _ 23900
o VYor

For further dj )
iscussion o :
.Columns, see Sect. 2.5 f allowable stresses for

Structural Safety Factors

The structural fi
f ield has widely :
or the safety factor to be apriliilg tidggieieguvalues
S ma-~

terials., AISCr
: . esea e
interpreted fo rchand specifications have been

stresses (Table 1).

These neri
AISC (American Institute of Steel Con-

struction) allo
W P
of today’s s able values are realistic in terms

values are bas
ed on yield
and not 3 y Stren h Of A
and ot ulimato strengih. ' vow of the provions
deformation na"io? of designing to avoid perrgvmuS
to be mo » hot just failure, these val anent
re appropriate to toda alues appear

. y’s need,
Reducing the Safety Factor

The safety factor figured i
s ofte ; igured into desi ions
ably addirﬁe;?gmzed as peing too larcrin:xiidlcil;lauons
ofton safer cngcessgrlly to the pro:ziuct cost psob—,
e, e gnooceg dlcta!:e the practice, Hov'v ety
& redion mile ot‘e apphes, the designer is lce)vtelf’
s partiodlon e:c lon dlfnensions arbitraril ;h'e
Dal Torens an}(; t:c}'lue if his designis based on };'rin i
Phe a2 e safety factor has been co .
e of unknown or unstudied sec:r?;;?g
y

The s i
afety factor is no longer as critical in de

give corresponding allowable
, I

uperi : i
perior materials, However, the lower.
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4, TRANSPORT ASPECTS [ HANDLING SKETTHES

L, | TRANSPORT OF THE 1 L(TER RUBELE
CHAMBLA APPARATLIS ASSEMBLY

L[,/ PROCEDL/RE
af wsTALL (2) L(F7TING EARS
( SkETTH asz [2.2/.0% )
ADHERE TO SPECIHED ON !
SkETCH asZ 12 29,04, DESCRIPTION  AAL
SPECIFIED VALUES.

| b ) INSTAC L THE LF7KG- SLIKNGES-

THE INNER — WiH(H GOES THROUGH
THE L IFTIRNG EAR — FIRST ]
C) INSTALL THE OUTCR SLINGS KEXT.
TTHE SLNGE S HAAVE PULL ERS ( rogs. MG‘t
ALLOWING FR RIGHT SET UP OF THE
SUSPENSIOKS ELEMENTS.

A cHECE. ALL LIFTING ELEMBNT
OF THE SUSPENDED STRUCTURE !
. CORRECT AND XDiusr /Fﬂec:égg;myl

Y,(,2 READ ™E PAZARD ANALYCIC POrUMEN T
- REFORE MOVING THE AéSEM@Ly TO"
THE TRANSPO RTING SHAF /-
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) LREV l DESCRIPTION DRAWN DATE
APPROVED ” DATE
2.500 ———]
Hl a H
N ' ( 0 I .
} X 0 } - -
5/8"-11 UNQ
— THD. - » —
¢ G.
ITEM 3
F I\ 1] F
\ .
v DETAITL 2
! ! T
/ -10.000
E E
A
. N \ ‘ P s Z i . .
Y AN 7 . o 5 ) ‘ V
: | .375 « V
! i/ ,
D 10.0DpYF
79.379 {1 .2 -OpP | D
99.575 b1 é
4 5.000 NOTES:
1. ITEM 4
] McMASTER CARR CAT. PART NO : 91694A320 -
2, ITEM 5
McMASTER CARR CAT. PART NO : 90073A240
| 3. THIS DWG WAS FORMERLY CALLED
: - SKETCH: @s2.12.03.04
|
C ' c
5 578" SPRING LOCK WASHER 16
J : y 14 0.24 * THICK
5/87 ~11 UNC HE
— 18 75« | N R
a T ! -
N . : 3 STEEL ROD 5/8° DIA 8
\ 2 ! ASTM- | ANCLE 2 1,27 X 2 1/2° —
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: [ S—————— 1 2.1 ﬁg;M— PIPE 1.080" 0.D, X 0.154"WALL 8
e a= - X 2.625% LG.
2 bl 79.375 2 WELDMENT ] 2
_ ' B P TR R R
B /- | TEM 1 .375 ASTM- | PIPE 1.0507 0.D. X 0.154"WALL B
1.1 AS3 X 2.625° LG, 8
( WELDMENT ) 1 WELDMENT 2
- ; i TTEM [VATER1AL] DESCRIPTION QrTY
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Shielding is made of recycled POLYETHYLENE T . . FERMI NATIONAL ACCELERATOR LABORATORY
boards "Resco Plastics”, . [ TEM 2 UNITED STATES DEPARTMENT OF ENERGY
A ‘ PPD/HMIEC}‘%ATI%AELR DB%PBT. CHMBR A
WELDMENT UNIV OF CHIC L
SECTION A- A ( ) SHIELDING & RESTRAIN COMP, ASSY
: SCALE | DRAWING NUMBER SHEET | REV
‘ vne |9213.400-ME-466067 *1 oF 1
CREATED WITH : ies | GROUP:

8 7 5 5 7 I 3 p 7 | 1
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l REV | DESCRIPTION ORAMY, DATE
APPROVED DATE
T M
NOTES:
1. THIS DWG WAS FORMERLY CALLED
SKETCH: asz.11.19.04
“UNISTRUT “FRAME 36*X 36"X61"
( casters socketed in the shielding ).
Shielding is made of recycled POLYETHYLENE
boards “"Resco Plastics”. o [UNCESS OTFERWISE SPECIFIED A SLTMULANSK] 79-NOV-2008
\ T T oRA A_STYMULANSK]T 19-NOV-2004
+ |3 1x CHECKED - 15-NAY-2008
. 1. BREAX ALL Sﬂvz EDCES [APPROVED — 15-MAY-2008
i 3?3‘5.?‘%;%&%‘% = m ENGINEERING NOTE
>< | BT WEES

\/ rZIERuL
5. DRANING UNITS: .S, INGH

FERMI NATIONAL ACCELERATOR LABORATORY
UNITED STATES DEPARTMENT OF ENERGY

PPD/MECHANICAL DEPT.
UNIV OF CHIC 1 LITER BBL CHMBR
SHIELDING ASSEMBLY

SCALE | DRAWING NUMBER SHEET | REV
voue |9213.400-ME-466068 |1 of 1
CREATED WITH : __ |deasiZNXSeries |GROUP: PPD/MECHANICAL DEPARTMENT
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NO LESS THAN 19~ ’ ] )
‘ c
1.731 —
T [ ,
3.000 | {3000 | 2 | 0.283" DIA. COTTER | 4
= 1 . E PIN .
17. 409 —f— { l ,, T e, *
/— \ / ITEM No Qty
/ B -
ELEVAT |ON VIEW /
/
/ P I
- \ | / \ TOP LIFTER A
\ . T FERMI NATIONAL ACCELERATOR LABORATORY
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