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ASME B31,1-1995 Edition ASME B31.1-1995 Edition
TABLE 104.1.2(0)
VALUES OF y TABLE 10243
%00 1250 Weld Joint
Temperature, and and Type of Joint Efficiency Factor £
F Below 950 100C 1050 1100 1150 1200  Above _
a8 677 Electric or gas fusicn weld
Temperature, and and Single butt weld with filler metal 0.80
i Below 510 538 566 593 621  &4%  Above Single butt weld without filler metal 0.85
Couble butt weld with or without Q.90
Ferritic steels 04 0s 07 07 07 0.7 07 0.7 filler meta!
Austenitic steels 0.4 04 04 0.4 0.5 0.7 0.7 a7 Single or double butt weld with or 1.00
ickel Atloys UNS Nes. N08B0, without filler metal with 100%
NO8510, NO8325 04 04 04 0.4 0.4 04 0.5 0.7 radiography per Para. 136.4.5
GENERAL NOTES: or the material specifications,
{a) The value of ¥ may be interpolated between the 50°F (27.8°C) values shown in the Table. For cast iron as applicable
and nonferrous materials, y equals 0.4. Electric resistance weld 0.85
{b) For pipe with & Dy/t ratio less than b, the value of y for ferritic and austenitic steels designed for Furnace butt weid 0.60
temperatures of 900°F (480°C) and befow shall be taken as:
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Fgure 7-2. This figure illustrates the nomenclature used in ANSI Code B31.3, Section 304.3.3, 1980. It does r
wndicate complete welding details or a prefered mathod of construction. (Reprinted courtesy of the American Socit
of Mechanical Engineers.)

N I N 0.237 in, NOM
: A 0.207 in. MIN
")
.
0.235 in. ) ’ - —_— REINFORCEMENT
" /<mssm, i ZONE
0.322 in. NOM - ; = - 1 - )
0.282 in. MIN 1 Ly =0.2681in.
4,288 in,
o 4.286 in. 4.286" | e

Figure 7-3. Figure of branch reinforcement for use in Example 7-1.

(SR 4o dulee (E-1 S
sl p9) J1pd a3 B31.3 s)lastuwl ps wladlauol 7 i

b= SUBSCRIPT REFERRING TO BRANCH
h = SUBSCRIPT REFERRING TO HEADER
d, = EFFECTIVE LENGTH REMOVED FROM PIPE @ BRANCH
d, = HALF WIDTH OF REINFORCEMENT ZONE

=d; OR (T, —~C)+(T,—C)+d;/2 WHICHEVER IS GREATER BUT IN
ANY CASE NOT MORE THAN D,
L, =HEIGHT OF REINFORCEMENT ZONE OUTSIDE OF RUN PIPE

=2.5(T,—~C)OR2.5(T,—C)+ T, WHICHEVER IS LESS
T,=MIN . THK . OF REINF . RING OR SADDLE MADE FROM PIPE
( USE NOM . THK . IF MADE FROM PLATE )

= O IF NO REINF . RING OR SADDLE
t =PRESSURE DESIGN THK . OF PIPE ACC . TO THE CODE FORMULA
f# = SMALLER ANGLE BETWEEN AXES OF BRANCH & RUN (ALWAYS

45° < B<90°
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Ty, OR T, = PIPE W.T. OF HDR . OR BRANCH ( MEASURED OR MIN . PER

PURCHASE SPECIFICATION )
TORT,=NOM . W.T. OF HDR OR BRANCH.

Piping Stress Handbook

BRANCH REINFORCEMENT

304.1.2 Straight Pipe Under Intemal Pressure DESIGN CONDITIONS:. ...... psig....... °F
ness () shal b ot esa 9 caciared by e folowing HEaoeR | eRancH
Equation 3, if tis less than Dg/4: Nominal Size

t= PDo - SO Outside Diameter Doh - Do
26E+ PN "7 2GE + PYR) N Nominal Wall T, 'r:
Table 304.1.1 Actual or min. Wall Th To
Values of Y for Ferrous Materiais Material Spec. ASTM
g:;rp:-::, " Boow 950 1000 1050 1100 Avove KL Owaus sy Sh Sp
e Joint Efficiency Ep Ep
Steels 04 05 07 07 07 07 Y Coefficient Yh Yp
Austenitic Mech./Corr. Aljow. Ch Cp
Steels 04 04 04 04 05 07 Intersection Angle B B
REQUIRED THICKNESS OF HEADER AND BRANCH:
PO Ll LT
th=IZShE,.,+2YhP=2x ....... 000006 +2%....... 6600000 T
PDB L Xotoenns

tb=2S,:‘E._.,+-2‘Yt,P-2x ....... Xowernn. +2x%....... Xowonnn. T

LIMITS OF REINFORCEMENT:

d'=oon-2(Tt,-c,,)= ....... - 2x(enn... ST )= .......

sing ...
dg=dyor=(Tp-Cp) + (Th-Cp) + 0.5dy = (....... -l Y+ (eenennn - )+05x....... £ 5600000
Select larger of the values, but not to exceed Do, dp=.......
Lg=25(Th-Cp)=25(....... S — Jor=25(Tp-Cp) +lg=25(....... T Y ennn.

Select lesser of the values (tg = 0if pad or saddle is not used) Lg=.......
REQUIRED AND AVAILABLE REINFORCEMENT AREA:

Area =tpdy=....... ) S 8606006 $q. in. required.
Aq = (2dg-dq) (Th-th~-Cph) = (2X....... ST (PP ——— ———. Y=aeen..
Ag=2L4(Th-tp-Cp) = 2x....... (G ————as ——e. Y=
Ag=t@=(....... R=.......
Ay +Ag+Ag=....... e (N B000000 E 8808000 sq. in. available.
AreaA - (A1 + Ag+Ag)=....... O 5600000 o hata0s sq. in. of areain pad required - A4
A4 + 2 = sq.in. of pad on each side of nozzle = . .. .. .. +2=......
Ag+2- =, ...... . =
te
QEDusepadtg =....... xb=.......

Figure 7-1. Reproduction of ANSI/ASME Code B31.3, Section 304.3.3 giving detailed re-
quirements for branch reinforcement.
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Thermal Movement Calculations. The calculation of piping movements to
a high degree of accuracy necessitates a very complicated study of the piping
system. Fortunately, in the case of high-temperature critical systems subjected to
formai machine stress analysis, movements at the various reference points are given
along with the stress results. For systems not subjected to machine analysis,
thermal movements at the hanger points are normally determined by approximate
methods. The simplified method shown below is one which gives satisfactory
approximations of the piping movements. Whenever differences occur between the
approximations and actual movements, the approximation of the movement will
always be the greater amount.

Step 1. The piping system of Fig. 4 is drawn and on it are shown all known
vertical movements of the piping from its cold to hot, or operating, position.
These movements will include those supplied by the equipment manufacturers for
the terminal point connections, For the illustrated problem, the following vertical
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movements are known:

Point A—2 in. up, cold to hot
Point B 14 in. up, cold to hot
Point C—L1¢ in. down, cold to hot
H-4—0 in, cold to hot

The operating temperature of the system is given as 1050 F, and the coefficient
of expansion for low-chrome steel at 1050 F is 0.0946 in./ft,

FiG. 4. One-line piping diagram for calculation of hanger movements. Points A, B, and ¢
are equipment connections. H-1, H-2, etc., represent hanger locations.

The movements at points D and E are calculated by multiplying the coefficient of
expansion by the vertical distance of each point from the position of zero movement
on the riser DE: ‘

55 ft < 0.0946 in/ft =~ 520 in. up at D

20 ft x 0.0946 in./ft = 1.89 in. down at E

Step 2. A simple drawing is made of the piping between two adjacent points of
known movement, extending the piping into a single plane as shown for the portion
of the system between 4 and D.
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The vertical movement at any hanger location will be proportional to its distance
from the end points:

A, =44 x3.20 N
A, = 0.41 in. H-3] 378"
The vertical movement at H#-1 = 0.41 in. + 2in, '
AH-1 =24l in.up
A, =224, % 320

A, = 2.27in. S
The vertical movement at H-2 — 2.27in. + 2 in. H-4 o"
AH-2 = 427 in. up 4 __}
Step 3. To calculate the vertical movement at H-3, multiply ! .
its distance from H-4 by the coefficient of expansion. : 0
40 ft x 0.0946 in.jft = 3.78 in. .
AH-3 = 3.78 in. up (%)

Step 4. The next section of pipe on which there are two points of known move-
ment is the length E-J. The movement at E was calculated as 1.89 in. down.

42 . P
- 37 -
" ‘ 30 B
0 0.125 1o 17
2]
H-6 54 nma YHEOR
| i
J ) Ar _ A8 __.._---g‘:""-=2
0.46 G
(a) )

The movement at J is equal to the movement at the terminal point C (1¢ in. down)
plus the amount of expansion of the leg C-J:
AJ = 0.125in. 4 3.5 ft x 0.0946 in./ft

AJ = 0.46 in. down
A, =3.5/42 x 1.43 = 0.12in.

AH-T = 0.12in. + 0.46 in.
AH-T = 0.58 in. down
Ag = 1745 % 1.43 = 0.58in.
AH-6 = 0.58 + 0.46in.
AH-6 = 1.04 in, down
A, =304, x 143 = 1.02in.
AF =102 + 0.46
AF = 1,48 in. down
Ay =324, x 1.43 = 1.09in.
AH-5 = 1.09 + 0.46
AH-5 = 1.55in. down |
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Step 5. In the section G-H, the movement at G is

r_GI_ equal to the movement at F minus the expansion of
“ the leg GF:
1o iy AG = 1.48in. down — 4 ft x 0.0946 in./ft
AG = 1.10in. down '

-;_F The movement at H is equal to the movement of the
18" terminal point B(1{; in. up) plus the expansion of the leg
’ Elevation B-H: . )

(©) AH = 0.0625 in. up <+ 9 ft x 0.0946 in./ft

AH =0.91in. up_
Since H-9 is located at point H,
AH-9 = AH = 091 in. up
A, = 12{23.1 x 201 = 1.04in.
AH-8 =1.10 — 1.04
AH-8 = 0.60in. down,

091" H-9
23.1' _
H
12
Elevation ‘of H-Bl G
0.0625" - ‘o
. Ay q\ ""h-..___ \J =] §
8
{(a) &

After calculating the movement at each hanger' location it is often helpful, for

easy reference when selecting the appropriate type hanger, to make a simple table
of hanger movements.

Hanger

number Movement, in.
H-1 2.41 up
H-2 4.27 up
H-3 378 up
H-4 0
H-5 1.55 down
H-6 1.04 down
H-7 0.58 down
H-8 0.06 down
H-9 0.91 up
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Reaction Calculations. A formal solution for movement and loads would
approach that of pipe-stress calculations in complexity. In general, these costly,
time-consuming calculations can be replaced by simple, practical solutions that give
results well within the pipe tolerances that can be expected in a normal installation:
It is usual practice to calculate loads by use of the simple beam method in which each
segment of pipe, fitting, and valve is distributed between two adjacent hangers by
taking moments and solving for the reactions at each hanger point. Calculation of
moments can be simplified by representing the piping in plan and scaling off the
distances to the center of gravity of the various elements. Hanger load calculations
account for all the elements that make up the total weight of the piping system.
: elements include pipe, valves, fittings. insulation, and operating contents.
ats of the more common piping elements are shown in Table 4, Chap. 7.
ats of other or special items should be obtained from the manufacturer. In
lating loads on critical systems such as those for main steam and hot reheat,
1 may be mainly spring supported, it is recommended that actual piping
its be used when available. The following typical examples serve to illustrate
the method and systematic presentation which prove to be a valuable aid to the
n eliminating errors and of assistance to others in checking,.
ad Calculation by Weight Balance. The following example is used to
-ate a method by which hanger loadings may be determined. The method
sts of locating the center of gravity of the specific piping configuration and then,
uating moments, 1o determine the resultant loads at particular hanger<

o's o o )
2436 Ib H-3 2320 b HY—“
Simple beam calculation

Locote C.G.of lood F, H-1, H-2, H—3

C.G.(6102 Ib} M-ornents about axis Y~¥Y | Moments about axis Z-Z
Lb X ft = fr—Ib L x f+ = ft-1b

2,436 0.0 o |27 0.0 o

—$ 2320 b Legend ) ‘gi0 1.8 1,640 'sic 1.8 1,640

* 310 1b Component weignt: 2,320 15.0 34,800 2,436 155 37,700

> Hanger locations _436 250 10,900 P

Mot © C.G. of the section 6,102 47,340 | 5,102 39,340

e 47,340 .

. - _ 39,340 _ . _

— g+ 4361b e oz - 775 from v-v oz =643 fromZ-Z

z

3. 5. One-line piping diagram for illustration of load calculation by weight balance.

single-plane bena 1s shown in Fig. 5. Hangers are indicated as AH-1, H-2,
and K-4. The effects of uniform and concentrated loads are indicated at the
ts at which these loads act; it is noted that the weight of the 90-deg bend acts
e centroid of a quarter circle which, in this example, is located 1.8 ft distant
i ihe center line of the pipe run. The straight pipe length between hangers
and E-4 is not included in this calculation because it can be analyzed by simple
ght-beam theory.

>r the piping section which lies between equipment flange F and hanger /-3,
2ents are taken about the Y- ¥ and Z-Z axes. As an example, let the center of
ity of this configuration be located Y ft from the Y-} axis. Then, from
librium considerations, the following equation may be written:

2;436(0) + 910(1.8) - 2,320(15) + 436(25) = 6,102Y

slution to this equation results in Y = 7.75 ft.
milarly, the distance from the Z-Z axis to the center of gravity is found to be
ft.

sr convenience, the calculations are made fregquently in a tabular fashion as
vn on Fig. 5.

zt it be now required to determine hanger loadings for the piping configuration
“ig. S with the stipulation that no load due to weight be imposed on the
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Construct the triongle H-T, H-2"H<$ superimposing ' H-1- eliminated
location of C.G.oed colculate reactions ot H-1, H-2 and H-3 H-2- relocoted,
H=3 - remoining in same position
r & «
- z
26"
19,35 R
(f) 6.43° 19.57"
viq)
H-2 H-Z v 3 H-3
¥
&
<4
&3

- ,7/ 3. o /

~g 6.43 Tol= N = e

" 53

n .
(RO - c.6.16102 Ib)
6ic2 < 3
. (l! 18} H-2
w2, el
~
H-2 will be relocared on Oxis
Z-2Z,at g distance (J) from oxis
Y-Y, proportioned thus:
N g:a=h: g
Land} ah . _7.75 X 26 .
g -2h o TISX 26 63
Fl 9 19.57 o
Reaction ot H-ls—3- X 6102 « LT3 x 6102 = 2055 Ibs .z -
717 . s e 19.57 . ]
H-Z-—i— X 6102 = 325 X 6102 = 330! |bs Reaction o H-2 = T3 X 6102 = 4595 |bs

Design Engincering of Support Systems  5-15

equipment flange F. This is accomplished easily by use of simple geometrical
relationships, and the solution is as indicated in Fig. 6.

If it were desired to support the piping with two, rather than three, hangers, it
would be convenient to eliminate A-1 and to relocate H-2 to a position at which it
would be colinear with the center of gravity and hanger H-3. The construction
for this arrangement and the associated hanger-load calculations are shown in
Fig. 7. .

%n each of the two above cases, one-half of the 2,320-1b load between H-3 and
H-4 has been included in the calculations for hanger loading on H-3. Thus H-4
would be required to support 1,160 Ib plus, of course, any additional piping load
to the right of H-4 in Fig. 5.



Eal (Juod s Vlgiw

(30507 J31an ) § g e L 1S ) 5ol I Shol 3laal(Q.5 .

$ s 0> Support L Hanger  (5,5(Q.% .Y

§ 3w a5y Stop, Guide , Shoe , Anchor (Q.7 ¥

§ dgib 50 03 30 V5 & Ixs Dummy Leg (Q.7 £

§ g 26 D b Jazs il 0aiiS s gl5l(Q.5 D

§ e ol 3,0 9 wws Rod Hanger (Q.7 %

§ s bo sla 0aiiS Yl aabs5(Q.7 .Y

¢ ol 53 galw 95 ax trunnion (Q.7 A

§ e 9T wuas @393 9 )1 3,08 xS 5 s Rigid Strut(Q.7 .4
¢ o LA auSs jlxo aliold yuss )3 sise Jolsc(QF .\ -

T T o s o L ax S 55 ulsl o do) 58(Q.6 1)

§ dgni wule) A ASs Juolod (bl ) wun b 5o b (e s ax(QF Y

T oS ol ) s B0 b LAl 4SS sl ulfe s apmlxo @) sTQF Y

?W@W@ksl)g))ﬁp@»bukgbqa(()f.\i



D, =3" Sch40
T =300

P =200 psi
Mat = A53 GrB

Insulation = 2"

S 3 D LT js03)ls slas ps cizmed 5 H-1 5 H-7 siluls auiS Slua (PF Y aliue

39T waway SCH40 6" Aol sl o)

Equipment flange A
moves up 0.46"

{per mtr)
\ M
zl
0.46"

o0

Summary of data
Exponsion= 0,0563 in. /#t
&' pipe and insul.= 40 |b/ft
6" flange and insul. =100 1bs
6" valve and insul.=800 Ibs
6" L.R albow and insut.=47.51bs

Equipment flonge B /

moves up |
{per mfr.)
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HOT LOAD (N)
COLD LOAD (N)
CALCULATED TRAVEL (mm )

SPRING RATE (N/mm )
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COLD LOAD ( MVT . UP ) = HOT LOAD + ( MVT * SPRING RATE ) (1)
COLD LOAD ( MVT . DOWN ) = HOT LOAD — ( MVT * SPRING RATE ) (11)
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Movement x Spring Rate «
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PRESET LOAD=ACTUAL LOAD — (MOVEMENT*SPRING RATE)

:oab a5l s Carpenter &  Paterson S oJbls Jl alboo gaub (b)) s 45908 Jlio

EXAMPLE:-
Actual Load (Hot Load) = 10789 N.
Pipe Movement 20mm down cold to hot.
Maximum variation from cold to hot load = 256%.

Using N Selection Table

Enter table at 10789 N. This is located in size 12 column.
Since the pipe movement is down, move up the column

for a distance of 20 mm. This travel is acceptable for all
travel series, therefore unit size 12 is selected.

Check Variability
Variability = Movement X Spring Rate x 100

(% Load Change) Hot Load

From lower chart select spring rate for DV35 Size 12 =
157.6 N/mm

V =20x157.6 x 100 = 29.2%
10789

This would not be acceptable.
Select spring rate for DV70 size 12 = 78.8 N/mm

V=20x788x100=146%
10789

This is acceptable.

UNIT SELECTED WOULD BE DV70 SIZE 12

Preset Load = Actual Load - (Movement x Spring Rate)
Preset Load = 10789 - (20 x 78.8) = 9213N

Unit to be ordered would be DV70 Size 12.

Preset Load = 9213N Hot Load = 10789 N.

Constant Load Hangers (Y-\-¥
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The Constant Support is based on a simple mechanical principle:

range.
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£ § ) | /

SPRING ACS

o PVOT F1 31 = wm

v i Fp ap = Wby

L . F3a3=Woy

L F|31=F252:F333=W
oy b by

Constant Load Hangers ¢ S-S

In order to produce a Constant Supporting Effect the load moment about the Main
Pivot must be counter-balanced by an equal spring moment throughout the fravel

P
Referring to the diagram, take three positions of
the load travel - Top, Mid, Bottom - and equal_e
the moments of these points about the Main Pivot
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Actual Load =15kn
Actual Movement (vertical) =170mmUp

L3S s ) wleMbl b Iy Variable Spring Hanger goi(p.Y .Y aliuwe

Actual Load=15kn

pipe Movement 25mm down cold to hot
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Actual Load =18000kn
Stroke = 270mm
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Nozzle Loadings
Nominal Size of Nozzie Flange (in.)
Force/Moment <2 3 4 L 8 10 12 14° 16°
Each top nozzle
F, 160 240 320 560 850 1,200 1,500 1,600 1,900
F, (compression) 200 300 400 700 1,100 1,500 1,800 2,000 2,300
F, (tension) 100 150 200 350 530 750 920 1,000 1,200
F, 130 200 260 460 700 1,000 1,200 1,300 1,500
Each side nozzle
F, 160 240 320 560 850 1,200 1,500 1,600 1,900
F, 130 200 260 460 700 1,000 1,200 1,300 1,500
F; 200 300 400 700 1,100 1,500 1,800 2,000 2,300
Each end nozzle
F; 200 300 400 700 1,100 1,500 1,800 2,000 2,300
F, 130 200 260 460 700 1,000 1,200 1,300 1,500
F, 160 240 320 560 850 1,200 1,500 1,600 1,900
Each nozzle
M, 340 700 980 1,700 2,600 3,700 4,500 4,700 5,400
M, 260 530 740 1,300 1,900 2,800 3,400 3,500 4,000
M, 170 350 500 870 1,300 1,800 2,200 2,300 2,700
F = Force, tb y = Werrical 90° to shaft
M = Moment fi-Ib z = Horizomal 90* 1o shaft

x = Aris parallel to shaft

Reproduced from Centrifugal Pumps for General Refinery Services, Sixth Edition, 1981, Standard 610 Table 2. Reprinted courtesy of the American Petroleum
Instituse.
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— Indivdual Components

F_<13W <160D

F,<0.6W <130D

F. <W <160D

— Resultant Components

Algebraic Summation Of F,_ <1.6W
Algebraic Summation Of  F, <W
Algebraic Snmmation Of F_ <1.6W

— Combined resultant

(02 +(E)? +(F)?)  <ow
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D, = (18 + equivalent diameter)/3 cT oo s
(I
F.<50D, M_<250D,
F, <125D, M, <125D,

F. <100D, M_<125D,
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D, = (18 + equivalent Diameter)/3 3T oo
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F. <92D, M <460D.
F, <230D, M, 230D,
F_<185D, M _ <230D,

S92 6l HsS S90 » Lolew 9 g s aswlze (A-7-¢

Oz (A -0) Usas Jl peslie Simsls «oli Header 59, o b (wlivlye L 0 90
Dlaiie 13 3bl (5o Jlaie yal o VIAT Ll ( Movement ) plols Jlade aS o Lol ¢SS
L3S 5o i (A-0) J9aa Jl blew 5 s ps =3l

M ft-1b Forces, Ib
M, M, M, F, F, F
3,000 4,000 2,000 1,500 3,000 2,500
Fy |
My
This recognizes that the application of these moments and
forces will cause movement and that this movement will
tend to reduce the actual loads.
Mz
Table 8-3 Fz
Allowable External Forces and Moments for Mx
Air-Cooled Heat Exchangers
Nozzle Fx
Size, NPS Moments ft-lb Forces, b
Inches M, M, M, Fx Fy F:
112 50 70 50 100 150 100
2 70 120 70 150 200 150
3 200 300 200 300 250 300
4 400 600 400 500 400 500 a> (A-¢ 9o
6 1,050 1,500 800 600 750 750 Figure 8-3. The direction of the loads defined in Table 8-
8 1,500 3,000 1,100 850 2,000 1,200 3. Reproduced from Air-Cooled Heat Exchangers for : v e
10 2,000 3,000 1,250 1,000 2,000 1,500  General Refinery Services, Second Edition, 1978, Stan- 99 Joxi jlxo
12 2,500 3,000 1,500 1,250 2,000 2,000  dard 661, Figure 8. Reprinted courtesy of the American
14 3,000 3,500 1,750 1,500 2,500 2,500  petroleum Institute. S9) ol
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S,= ALLOWABLE EXPANSION STRESS RANGE (psi)
= £(1.25S.+0.254;)

Sg= COMPUTED EXPANSION STRESS RANGE (psi)

F, = EXPANSION FACTOR COMPUTED FROM TABLE 5 AS (psi)

ALGEBRAIC OF VALUES f,;, AND fec READ OPPOSITE
MAX (HOT) AND MIN . (COLD ) METAL TEMP .DIFFERENCE
= fen — fec
Fen , foo = (MODULUS OF ELASTICITY @ ROOM TEMP.) * (psi)
(UNIT EXPANSION OF PIPE BETWEEN 70 F & MAX . OR
MIN . METAL TEMPERATURE)



F, = EFFECTIVE DIAMETER LENGTH OF COMPUTE ON (ft/IN)
AS RATIO L/Dr (\\-¥¢-Y)FLEX. CALCULATION FROM LINE

L = EFFECTIVE LINE LENGTH (ft)
=L, +nL,

L, = EFFECTIVE EXCESS ELBOW LENGTH FROM TABLE 1 (ft)
=(03K-04)d

L,=DEVELOPED LENGTH OF SQUARNER SYSTEM , i.e. (ft)

LENGTH OF LINE AXIS OF A SUBSTITUTE SYSTEM
WHEREIN THE ELBOWS ARE REPLACED BY THEIR TANGENTS
D, = EFFECTIVE ELBOW DIAMETER (SEE TABLE 1 FOR (IN)
VALUES FOR LONG RADIUS ELBOWS )
=iD
n = EFFECTIVE NUMBER OF ELBOWS FOR EXPANSION LOOPS.
READ FROM CHART 2 (ACTUAL NUMBER OF ELBOWS IS
USED FOR ALL OTHER SHAPES )
K = FLEXIBILITY FACTOR
i =STRESS INTENSIFICATION FACTOR
f,= SHAPE FACTOR (A FACTOR WHICH TAKES ACCOUND (ft/IN)
OF BOTH THE CONFIGURATION AND DIMENSIONS OF THE
LINE AXIS OF A SUBSTITUTE SQUARE-CORNER SYSTEM;
OBTAIN FROM CHARTS 2,3 OR 4 AS APPLICABLE TO GIVEN
CONFIGURATION)
U = DISTANCE BETWEEN ANCHORS FOR FIXED LOOPS ; (ft)
BETWEEN GUIDED OR BETWEENGUIDE AND ANCHOR
NEAREST TO LOOP FOR GUIDED LOOPS.
U' = TOTAL DISTANCE BETWEEN ANCHORS (ft)
d = NOMINAL SIZE OF PIPE (IN)
D = OUTSIDE DIAMETER OF PIPE (IN)
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APPLICABLE CODE : ANSI B31.1
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MAX. OP. TEMP. : 700 (F)
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C2ublae 16.81 (IN?) Uyl

1 y

ab 95x47.5=4513 ab 95%x38=3610
bc ﬁszi bc ﬁxl9=£

133 4513 133 4332
— 4513 — 4332
I=—=33.9 feet =——=32.6 feet

133 f 4 133 f

M, i s =699 x12.5x12=104.850 inch pounds

_104.850

Batpoint b 16.81

x2.44=15220 psi (approximat ely)

(Line Inertia) doa sl jl odlaiawl b o ivg)y (4-Y

oo bsbd il puizes 5 ( Centroid ) piums mhaw 55 s Jl oslaiwl b Gbs) ol 2
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F. = FORCE IN X" DIRECTION (1p)

F, = FORCE INY" DIRECTION (i)

I, , I,=LINE MOMENT OF INERTIA  (IN*)
ABUT “X"&Y" AXIS

I, = LINE PRODUCT OF INERTIA (in*)

L. = ANCHOR POINTS DISTANCE IN X" DIRECTION (Ft)
L, = ANCHOR POINTS DISTANCE INY" DIRECTION (Ft)
I, = SECTION MONENT OF INERTIA OF LINE (in*)

C = EXPANSION FACTOR
EXPANSION IN INCHESPER 100ft x E,

1728 x100
E,=COLD MODULUS OF ELASTICITY (psi)
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APPLICABLE CODE : ANSI B31.1

PIPE SIZE & SCH. : 10", SCH.60
MATERIAL : ASTM- A106 GR.A
MAXIMUM OPERATING TEMP. : 750( F)

MAXIMUM OPERATING P : 400 ( psi)



0.D=10.75 (IN)
W.T.=0.5 (IN)

I, =212 (IN%
Sm=39.43 (IN?)

C =99 @ 750 (F)
SA=17675 (psi)
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L=40+12=52 (ft)

L=24-14=10 (ft) -
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Centroid (calculated with origin at point )

. V. No.j Lewsth L, Pt =z vy Ly
@b 1 i 14 =52 =17 238
be 1 12 L +24 <4288
l 1 21 a0 +12 +288
b I 4t =2} 0

=L =9 SLo'o= 3000 ILy = 4514
. 3040 sl
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o Vi 14X 18.22 X 7.5 = + 2030
o vl 22 = + 2104

A oat VI (Jop 442

| de VI = 4‘)83

Joy = + 9640
Is

. T

1o XIVD X = 116

| b XIvd 12 X 14,96 - 2086

3 .
a | e 2o = 13

oy Nivd 40 X 0.04% = 326

I, = 8433

: I

i Niva s - au1s
b Xive S X = 1935
of XIvid 20 X 6,220 - 0w
de XIVp ﬂ +40 X 13.78¢ = 17029

I, = 20442

For equation reference numbers sec pages8-22 0 §-26
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F o= (20442X52)+(9649X12)x996x212:3088 (1bs)
(8433%20442)—(9649)
oo (B433x10)+(9649x52) oo 010 56 (Ibs)
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M, =—(3088x0.96)+(1561x18.22) = +25477  (ft.b)
M, =+(3088x9.04)—(1561x33.78) = —24815  (ftdb)
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M, =—(3088x9.04)+(1561x 6.22) = +37625  (fi.ib)
=37625x12 =451500 (IN.b)

S, = =11451  (psi)

M 451500
S, 3943
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2 b §
30 ft
(9.15 m)
Summary of Pipe Movements
From segment Direction Magnitude Resisted by
A-B X (0.0226 X 16) = 034 in (86 mm) __ B.C, C-F, F-G
B.C Y (0.0226 X %0) = 0.68in (173 mm)  A-B, C-D .
C.F z (0.0226 X 60) = 1.36 in (35 mm)  A-B, B-C, F-G (Vo) U
PG Y (00226 X 30) w 068in (173 mm)  E-F
1=279in*(1.16x10° mm*) & (300m)12in ,tnd Ly 3 plastiu] als) . o osliuwl aly)

ol ooiapa bl (V1Y% ) Jsas 3l 5l e £ =27.7x10° psi(1.91x10" %2),
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(Mm)in,n o pless leg louw o5 oo w3a Hlmls = A,

(m)ft . eln leg Jsb =L,

ﬁww}&ob&uwdbuby|)a)édfLs)faéleg).md}b=Ll

(MM)ID . S5 o3 3 5 il st - AT
o L)l 5 (b » SR s e ol (o alg) ASS b g3 oauh Ldn by aSil JI juy
(VE-Y7 ) JSi o oF auss Ho L) sl 9 gy « Gy ol 0. Sgws o WIS L plgs

P39 5o 8l o) g0 &
A _ 0.34(30)’
xabsorbedbyB—C 3 03 N 603 4 303
B 8.6(9.15)°
©9.15° +18.3° +9.15°
~12(27.7x10°)(279)(0.034)
xacrossB—C — 3 603
_14(1.91x10°)(1.16 x10%)(0.864)
- 9150°

3
~ 0.68(15)° 0.202in(5.1mm)

yacrossA-B 153 + 203 -

B 8.6(9.15)°
9.15° +18.3° +9.15°
12(27.7%x10°)(279)(0.202)

acrossA—-B 3
g 180

=0.034in

=0.864mm

=66ib

=300N

=0.864mm

=3210ib(14285N)



_ 6(277x10°)(279)(0—-202)

130° =289096in —[b(32697N —m)

3
A, = 1531536(()136+)303 =0.08in(2.03mm)
~2(2707x10°)(279)(0.08)
- 180°
_6(27.7x10°)(279)(0.08)

M, = oo = 114493in — Ib(12950N — m)

F, =1272ib(5661N)

1.36(30°)  _ 6(27.7x10°)(279) _

MX(tursion)@A :MX,B—C = 153 +303 +303 3602

t b ol pal o Ly pss A abais s g@8lg Anchor )s Sioha slaob ¢l sl

F, = 66lb(300N) M, = 228987in-1b(25899N-m)
F, = 3210lb(14285N) M, = 114493in-1b(1290N-m)

F. = 12721b(5661N) M, = 289096in-1b(32697N-m)

_0.68(20)°
15°+20°
12(27.7x10°)(279)(0.478)
- 240°
_6(27.7x10°)(279)(0.478)
- 240°
A, g =0.68in(17.3mm)

_12(27.7x10°)(279)(0.68)

=0.478in(12.1mm)

A cop

=33210/h(14285N)

Fy,CfD

=384804in —Ib(43523N —m)

Mz,CfD

Fo, o — 45671h(20321N)
6
M., , =377 124)0(2279)(0'68) — 547421in— Ib(61916N — m)
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AT oo und & ) g0 &
384805 547421

240
384805 N 547421
240

F,,=-3210- = ~70941b(31,570)down

F,, =4567+ = 8451/h(37608N)up
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Ol oo 13J ¢ 338 3 Ailgine ) yie Sle 230 5170 ¢y Loop o aiT @y angs L () --Y-Y
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Min :b=0.02./D,L,T
2500 (b)?
D,T

MaxL =
ft'?x.wA)._»:Lt,b,W

OF \—XM).)T

T= Toperating — Linstallation

Min W=0.5b
Max W=15b

Sl (5o Lxisl 9 5 9o o3l T )= S5 e 9a=x0 AL ) g0 3 W [o..o.;).fLo Jlase
).)I)_iT_\_ai»L_:).uH._»bksb.;c\Sks)I._\.a.o).QdS._g)}bd._»sﬁid)ﬁf)ﬁ)’c\b._»l)bwgsb)l_\io

AxD,
h= Table 5-2
1.25 A Coefficients for Carbon Steel

Design Design

Temp. °F A Temp. °F A
50 04 600 2,20
200 0.6 700 2.50
300 1.0 BOO" - 2.80
400 14 900 195
500 18 1000 313
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Sl sl uSe sLas s ml duwlxs a1 su) owled S alg) slas lastiwl 55

S SRV AN
Rn:@_ijE”& (1
3 c
R, =CR OR (II
S, E
R =|1-22 Z< IR,
. [ 5 EJ (111

R0 - b 3 alen BL=) 383 s ) (g il 533 )lddio a5 K 50 9 G99 kulyy Jl a5

1 3gub 2Ol 2L S8 o) b b aSl

S Be %
SE En
SCPCNCT PIPRRNY

C =COLD SPRING FACTOR VARYING FROM ZERO FOR

NO COLD SPRING TO 1 FOR 100% COLD SPRING -
Sg = MAXIMUM COMPUTED EQUIVALENT EXP. STRESS (pst)
S, = ALLOWABLE STRESS @ OPERATING TEMP. (psi)

( FROM APPLICABLE CODE )
E, = MODULUS OF ELASTICITY IN THE HOT CONDITION (psi)
E.=MODULUS OF ELASTICITY IN THE COLD CONDITION (psi)

R; =RANGE OF REACTION CORRESPONDING TO THE FULL (Ib)
EXPANSIONS CORRESPONDING ON E,
R.&R, = MAXIMUM REACTIONS ESTIMATED TO OCCUR IN (Ib)
THE COLD & HOT CONDITIONS , RESPECTIVELY

oS logl i )3 SALS a5 Jesll GuSe a gl Jlase HSLy aSiuwl sl adayly [ abyl)

olluws & 4 Jlasl J=o o 9 w5 ol i3l Qé)gT Sy e Ygoso 9 0399 (Hot Reaction)
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A=Internal Area Of Pipe ft2

D=Density Of Fluid 1b/ft3
V= Velocity Of Flow ft/sec
g= Acceleration Due To Gravity ft/sec2

0= Angle Of Pipe Bend
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General Piping

Standard, Extro Strong, Schedule 160,
ond Double Extra Strong Fittings
have the same outside dimensions.

American Standard: These fittings
conform, in sizes and types included

Straight o Longiiasasse therein, to the American Standard,
Reducing on Ons End B16.0-1958
" Thickness: Standard Fittings 12-inch
and smaller are made for use with 631, ‘g
Standard pipe (heaviest weight on ®; %
X2V | 4%
10, and 12-inch sizes) ; sizes 14-inch and T
larger are made for use with O.D. pipe R
45° Long Radius  257inch thick AR
Bew Extra Strong Fittings 12-inch_and o 5
smaller are made for use with Extra e |79
Strong pipe; larger sizes are made for s 7
use with O.D. pipe Y4-inch thick = ‘7)‘2
Schedule 160 Fittings are made for use o g
| with Schedule 160 pipe x Y
e Double Extra Strong Fittings are made T [T
Straight Tee Swalght Crass for use with Double Extra Strong pipe B
- T~ B
1 . Tox.
I L4 :
Qf —G—I == T
cap Short Rodive Granalap  90° Type 45° Type E
Return Bond Stub End Shaped Nipples g
y H:
= | =5 DSA
inforcing Concentric Eccamn
Welding Saddls ocer e Senedar
Numbers for:
Sud. | Exta
Sze[A[B; C [ D  E [ F G H | J[K|M NJTPJQTS |Fg [Srong
v [ 1] B 3| s [ ) 80
% 1y ! CThe [ 1%° . 2 I4q (11146 | 4 2] 40 80
IR S | % ‘11/," el 2 |3 i |aae| 2 | 4| 0 (4w 2 ‘ w | 8
el 1% 1 1o bame !l ave Doy [ 3wt 2% s | 4 | 1% | 4% [ 2 | 40 | 80
Vg| 2% | 1, 0 3% 1 1V L 2%t 0 3 4y 2he 3% | 2% | 4 | 1% | 8% 1‘/1\ 40 80
3PS 2 e | 9% | 2% | 1% | 4 | 6 3%e | 4%e | 3% . 6 | 14 [S1%e[ 3 | 40 | 80
24| 3% | 2% 14 | 3 | v | 5 | 7% 39| S%e | 4% | 6 | 1% | 6% 31/1‘ w0 | &
3 el s il 2 |a% !l 2 | 6 | 9 lay e | 5 {6 |1 [7%el3nl 0 | &
3%l 5% 3% | 6% | 2% | 3% ' 2% 51 | 6 | 114 |Blhg | 4 | 40 80
$ 6 |4 |7 | 2% | 4% 1e | 8 | 12 | 6% | BY |6%e| 6 | 1% |8%e, 4 | 40 | 80
5 (7% 5| 9 |3 | 4% ‘ 3 | 10 | 15 | 7% |10%6|7%e | B | 1% | 9% | 5 | 40 | &0
6 | o | 6 |10% | 3% | 5% |3y | 12 | 18 | 9% 125! 8% | 8 ' 1% (113 |S%| 40 | 80
8 [ 12| B |13% | 5 | 7 . 4 | 16 | 24 12% 16%g|10% | 8 | 2 |i4% | 6 | 40 | 80
10 [ 1510 | 17 |64 | 8% | 5 | 20 | 30 [ 15% |20% |12% | 10 [ 2% (W% | 7 | ® | &
1218 | 12 |20% | 7% | 10 ‘ 6 | 24 | 36 [18% |24% | 15 | 10} 2% | 20% | 8
14 |21 le 8% | 1iv oy | 28 | a2 | 21 | 28 |aew | 12§ 3% |22 ) 531 30
16 [ 24| 16 T30 | az= | 7 | 32 | 48 | 28 | 32 |18 | 12 | 35 |24 | 14 | 30 | 40
18 27 |18 fray 131 8 | 36 0 se [ 27 i 36 | 20 | 12| 4 |24 |15
20 30 | 20 1214 | 157 9 | 40 60 30 | 40 23 | 12 4 | 30% | 20 20 30
24 |36 | 2 15 |1 10t 48 72 | 36 | a8 [y 12| 4 [3ani20) 20

Figure 1-6. Steel buttwelding fittings {dimensions in inches). Courtesy of Crane Co.

AN AMERICAN NATIONAL STANDARD
PIPE THREADS, GENERAL PURPOSE {INCH}

A
L
N

90 deg 90 ceg

ANSUASME 81.20.1-1983

90 deg.

90 deg.

- B .

T

GENERAL NOTE: For a symm

being too small 1a be significant, the value of
the diameter.

FIG.1 BASIC FORM OF AMFRICAN NATIONAI STANNARN TADER DIPE

—
External Thread Intemat Thrasd
NOTATION

H = 0866025 = height of 60 deg. sherp V thread = 1 deg. 47 min. = thread taper angle for 1/16 taper
h = 0.8000000 = height of thread on product f, = Gepth of truncation at cren

P = 1 = pitch Imeasured parallel to axis) 7, = depth of truncation at root

n = number of threads per inch Fo = width of flat at crest

@ = 30deg. = thread flank angle F, = wioth of fiat at root

i trical straight screw thread, H = cot @/2n. For 8 symmetrical taper screw thread, 4 = (cot
& tan’ f tan Q1/2n, 10 that the exact value for an American National Standard taper pipe thread is # = 0.8657430 as
against H = 0.866025. the value given sbove. For an B-pitch thread, which is the coarsest standard 1aper pipe thresd pitch,
the correspanding vaiues of 4 are 0.108218 and 0.10B253 respectively, the difference being 0.000035 inch, This difference
0.866025p continues in use for threads of 0.750 in., or less, taper/ft on
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Coupling
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Reducer Half Coupling Cop

Dimensions of reducing sizes are the same os fhose of
the straight size corresponding 10 tho largest opening.

F‘G‘H‘J‘K!L‘M‘Nip"klv

[The 294 | % L |
| 4z | Vs | % 1V SV
! 1% | 13

2000-Pound W.0.G. Fittings

L i T T

i .
i 1% | [ o I z%‘l%g

%1% %

he [ 1 | 1 1 |16 1% E R

e (1461 1% |U3%e| 192 |L'3%g| .. 1% | 3 113

1% | 2% | 1% | 2% | 1% | 2% o] 4136 3V [ 2%

2 20% | 1A 2%, 2 ' 2The 5% |37%4s | 27s.

EX D ‘l”/n [ 548 | 4% |2V

3| 3% | 2 |32l | H | .

3% 4% | 2 | 4% He ;

e | 5% | 3% 1 5% 'Q‘Asi 5% | |

3000-Pound W.0.G. Fittings
AR AEIRS i e [ % %
% Mg | Vhe | % |1Var || 1 1 % | 14| 1 1% | % || 1
% | Dk 1% | % (1% Vh |[Ws| 1 [m | 13 Wl % % |1
Vo lashe | 1 | U [ wve fashe | 1e | 1% Lz | 1 | 1% | 1% [ 1946 | 1%
% 1 134T 11 0307 1l 1UAc] 1% | 1% | 1% T [ 1% [ 1| 1%
1 134 2y | 154 | 272 | 1% | 2%e ! 1% [ 2% | 2 2% 1% | 1 | 1%
11 12934, | 1he (215420 2 24e 1 2 | 2% ! 2Vs 2% | WA | 136 | 1%
e a3 | s iige! 3 ow D] oy [mive) 2% | 3 [ 2 [ 1% | 1%
2 Wo [ 3%e | 2 3| 2% | 3Ae | %4 | 3% 35/15‘ i 3% | 3 [yl 2
e 3% | 4% z-/.s‘ 4 . ; I ; 3% | 3% [1'%e] 2%
3 P | [ | ‘ 4% i ay, | W | 296
4 L ) } i [ 5% 1 .. |2
6000-Pound W.0.G. Fittings
T [PVaa [ 1| % | Uas | L | ‘ [l %] %

Y 14 | 1% | Th | 1% | 136 | 1% 1 1% | 14 1% | 1 [
% 1%e | 1% 3 U 186 | 1% | 1% ‘ 1% | 1% ‘3%5 P%he | 12 | 1% | 1% %
ve | e lisiel 1 Iingagi o 19kl 136 | 1% | oin e | 5 I ukel 1% | 1% | 15
% 1% | W 1%e |26 | 1% |26 | 1% | 2% | 2 (413%4e| 3% 234 | 2 | 134 | 1
1 2 {2084, | 104 246 | 2 | 2Mhe | 2 2% | 2%he | 5% |3'%e| 2TAe | 2% | 2% | 1%e
1% 2% 3 1y, Z“/B‘ 2% B! Wa |2%e| 2% | 6%he | 4% |BVsz| 2% | 2% | 1%e
Ve | 2% | 3% (1234, | 3% | 2% | 3% | 1% | 3% | 3% i e | 3 1 1%e
2 IR E ] 3% | 3% |14e
W | 3% | 4% | 2% | 4% 3% | 4% ! g | a% | A% 1%
3 e, 5% | 3% | 5% | 4% ' 5% ! [ 4| s |

Jure 12, Forged steel screwed fittings (dimensions in inches).

General Piping 9
[‘> Dimensions of reducing sizes are the same as those of
i the straight size corresponding fo the largest opening
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Figure 1-4. Forged stec socketwelding fittings idimensions in inches]
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Figure 1-11. Ring joint facing and rings, American standard {dimensions in inches). Reprinted courtesy of

TUBE TURNS flanges and lap joint stub ends provided
with raised faces are furnished from stock with a modi
fiod spiral serrated gasket surface finish having from 24
1o 40 grooves per inch (.6 to 1 mm pitch). The cutting
tool employed has an approximate .06 in. (1.6 mm) or
greator radius, The resultant surface finish is judged by
visual comparison with AARH Standards (See ANSI
846.1) and not by instruments having stylus tracers and
electronic amplication. The finishes have a 500
microinch maximum roughness for Class 150 and 300
ftanges and 260 microinch maximum roughness for Class
400 and higher rated flanges.

Other Tube Turns gasket surface finishes available, at
extra charge, are Smooth Plane Finish and Cold Water
Finish.

COLD WATER FINISH
Produced by using a wide,
formed tool at high soseds,
resulting - in a mirrarlike
finish.

SMOOTH PLANE FINISH
Produced by machining to
provide a smooth surfaca.

Crane Co.
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SECTION 9 GENERAL INFORMATION

Forged Steel Screwed Flange, Seal-Welded i
TABLES 2 A Crane Forged Stecl Screwed Flane is used in this joint. The pipe ar
the fange are accurately threaded; the flange is made up tight on the pigy

PRESSURE-TEMPERATURE RATINGS FOR
GROUPS 1.1 THROUGH 3.17 MATERIALS

TABLE 2-1.1 RATINGS FOR GROUP 1.1 MATERIALS
Nomins!
Designation Forgings Castings Plates.
c-si [“asosen A216GrWCB (1) | A515G70(1)
C-Mn-5i A 350 Gr. LF2 (1} A'516 Gr. 70 (112}
A537CL 13
C-Mn-Si-V ‘ A 350 Gr. LF6 C1. 1 (4)
NGTES:

{17 Upon proonged exposure to temperatures above 800°F, the carbide phase of steel may be

ble, but not recommended for prolonged use above 800°F.

converted to graphite. Perm
(2) Not to be used over BSO'F.
(3) Not to be used over 700°F.
(4) Not 1o be used over 500°F.

WORKING PRESSURES BY CLASSES, psig

Class
Temp., °F ‘ 150 I 300 00 00 900 1500 2500
-2010 100 285 740 950 1480 2220 3708 6170
200 260 673 900 1350 2025 3376 5625
300 230 655 875 1315 1970 | 3280 5470
400 200 635 845 1270 w900 | 3170 5280
500 170 600 800 1200 1795 2995 4980
500 w0 | 550 730 1095 1640 2135 560
650 25 | 53 715 1075 61 2685 4475
700 110 535 710 2065 5 2665 0
750 95 505 670 1010 2510 2520 4200
800 80 410 550 825 1235 2080 3430
850 s | 20 355 535 805 1340 2230
500 s0 | 17 230 345 515 860 1430
950 B s 10 205 310 515 860
1000 0 | 50 70 108 155 260 430

Reprinted from ASME B16.5-1396 and 1398, by permission of The American Society of Mechanical
Engineers. Al rights reserved

seal-welded, and then refaced. The joint is scaled by fillet-welding the by
of the flange to the pipe. thus assuring no leakage through the threads
The refacing assures perfect alignment of the flange faces. and that the ey

of the pipe is flush with the face of the flange. The threads retain the functi
of holding the fange secureiy o the P, hence there is no shearing acticl

Serewad Flange
SeokWelded and Refoced

Forged Steel Welding Neck Flange
Crane Welding Neck Flanges are of forged steel. They are machined wi.l
2 beveled end and bored to match the inside diameter of the pipe to whi

they are applied. A butt-weld is used to attach the welding neck flange

the pipe, which is also machine beveled 1

Walding Neck Flange
Bu-Welded to Pipe

‘Forged Steel Slip-On Welding Flange

Crane Forged Steel Slip-On Welding Flanges are bored for a snug fit on 4

vpe No. 1
$lip-On Welding Flange
Welded Front and Back

AL

Type N
Slip-On Welding Flange
Welded Front and Bock and Refaced

Cranelap Flange with
Cranslap Stub End
Bun-Welded to Pipe

pipe and, when applied to fabricated piping, are welded at the front and ba;y
through the two methods defined below and illustrated at the right

Type No. 1: Type No. 1 is Crane standard for welded flanged joints usi .
Fotged Steel Slip-On Welding [langes. Regular flanges are utilized with t4
end of the pipe set back from the face of the flange and the flange welded B
the pipe both in front and back

Type No. 2: Type No. 2 15 furnished on special arder only: slip-on flany
with a special front groove for wekling are used The pipe is flush w
the flange face; this 1% accomplished by refacing. alter both the front aj
back of the flange are welded to the pipe &

Code fimitation- When piping must comply with the American Standard Cc
for Pressure Piping or the ASME Boiler and Pressure Vessel Code, the 1+
of the slip-on flanged joint is permissible on all sizes of flanges listed un:
primary service pressure ratings up © and including the goo-pound cle
and in sizes 2b4-inch and smaller of the 1500-pound class, of the Americ
Steel Flange Standard (ASA Bi6.5-1957)

, Cranelap Stub Ends and Cranelap Flange )

The Cranelap stub end with Cranelap flange can be applied to fabrica
piping, Both the stub end and the pipe are machine beveled. A butt-w
is used to complete the joint.
This type of joint has all of the advantages of the regular Cranelap joi
I most cases, piping can be fabricated with Cranéelap joints appl
directly, which climinates the weld necessary for the application of 1
Cranciap stub end with Cranelap flange

Figure 1-7. Flanging processes—welded flanged joints. Reprinted courtesy of Crane Co
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Table 1-1
Tabulation of Examples of Allowable Stresses for Reference Use in Liguid Petroleum Transportation Piping
Systems
Allowable siress vaiues (S) shown in this Table are equal to 0.72 X £ (weld joint factor) X specified minimum yield strength
of the pipe.
AHowable stress values shown are for new pipe of known specification. Allowabie stress values for new pipe of unknown
specification, ASTM A 120 specification or used (reclaimed) pipe shall be determined in accordance with 402.3.1.
For some Code computations, particularly with regard to branch connections [see 404.3.1 (d) (3}] and expansion, fex-
ibility, structural attachments, supports, and restraints (Chapter 1, Part 5}, the weld joint factor £ need not be considered.
For specified minimum yield strength of other grades in approved specifications, refer to that particular specification.
Allowable stress value for cold worked pipe subsequenty heated to 600 F or higher (welding excepted) shall be 75 per-
cent of value listed in Tabie.
Definitions for the various types of pipe are given in 400.2.
Specified (5}
Min Yield {F} Allowable Stress Value
Strength Weld Joint —-20F 0 250F
Specification Grade psi Notes Factor psi
Seamless
API 5L A5 25,000 )] 1.60 18,000
API 5L, ASTM A 53, ASTM A 106 A 30,000 (2 1.00 21,600
AP! 5L, ASTM A 53, ASTM A 106 B 35,000 (2 1.00 25,200
ASTM A 106 C 40,000 (H(2) 1.00 28,300
ASTM A 524 I 35,000 tn 1.00 25,200
ASTM A 524 i 30,000 (1) 1.00 21,600
APl SLU Ugo 86,000 (B (4) 1.00 57,600
API 5LU UG 100,000 (1) {4) 1.00 12,000
APl 51X Xd42 42000 (1) (2)(4) 1.00 30,250
API 5LX X46 46,000 (1) 2} (&) 1.00 33,100
APl SLX X352 52,000 {13 (2) (4) 1.00 37,450
AP SLX X56 56,000 (1) {4} 1.00 40,300
APLSLX X60 60,000 (1) (4} 100 43,200
APESLX Xes 65,000 (1} (4) 1.00 46,800
API 5LX X70 10,000 (1)) 1.00 56,400
Furnace Weided-Butt Welded
ASTM A 53 25,000 1) (2) 0.60 10,800
API 5L Class ! & Chass [1 A2S 25,600 {1}(2y{3) 0.60 10,800
APL 5L (Bessemer), ASTM A 53 (Bessemer} 30,000 (1) (2)(5) 0.60 12,950
Furnace Welded-Lap Welded
API 5L Class | 25,000 ((26) 0.80 14,400
API 5L Class 11 28,000 (1)) (6} 0.80 16,150
API 5L (Bessemer) 30,000 (1) (2)(6) 0.80 17,300
AP1 5L Electric Furnace 25,000 (i) (2)(6) 0.80 14,400
Electric Resistance Welded and Electric Flash Welded
API SL A2S 25,0060 (1} (9 1.00 18,060
API 51, ASTM A 53, ASTM A 135 A 30,000 (2) 0.85 18,360
APl SL, API 5LS, ASTM A 53, ASTM A 135 A 30,000 [4)] 1.00 21,600
APl 5L, ASTM A 53, ASTM A 135 B 35,000 (2} 0.85 21420
APl SL, APL 5LS, ASTM A 53, ASTM A 135 B 35,000 (1) 1.0 25,200
API 5LS, AP1 5LX X412 42,000 (1) (2)(4) 1.00 30,250
API 5LS, AP SLX . X46 46000 (L)) 1.00 33,100
API 518, AP 5LX . X$2 52,000 (D{2Y(4) 1.00 37450
API SLS, API 5LX X356 56,000 {1} (4) 1.00 40,300
API 5LS, APE SLX X60 60,000 (1} (4) 1.00 43,200
API 5LS, API SLX Xé5 65,000 (1) (4) 1.00 46,800
API 5LS, APT SLX X70 70,000 (1) (4) 1.00 50,400
AFI SLU Use 80,0006 (1) 4) 1.60 S7T600
API 5LV U0 100,000 (@) 1.00 72,600
Reproduced from ANSI/ASME Code B31.4-1979, Table 402.3.1. Reprinted courtesy of The American Society of Mechanical Engineers.
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PIPING DESIGN AND ENGINEERING
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A 5 B( 1111 slages



g Qb ol el 0y oSy

Fig. CS-1 1998 SECTION 11 Fig. C§-2
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FIG. C$-1 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED OF CARBON OR LOW ALLOY STEELS (Specified Minimum Yield Strength 24,000 psi to,
but not Including, 30,000 psi} [Note (1)1
R LA UR AL L T e
GENERAL NOTE: See Table C5-2 for tabular vaiues, ‘ | ‘
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FACTOR A
FIG. €S-2 CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE
WHEN CONSTRUCTED GF CARBON OR LOW ALLOY STEELS {Specified Minimum Yield Strength 30,000 psi and
Over Except for Materials Within This Range Where Qther Specific Charts Are Referenced) AND TYPE 405 AND
TYPE 410 STAINLESS STEELS (Note (1)]
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ELASTICITY AND TORSIONAL RIGIDITY FOR FERROUS MATERIAL
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.S, SCREWED
CouPLING
1

F 5. SOCKET
HALF COUPLING
|

vas
w QPN:W“ WELDED 8085
NE Q e wows soover

SOCKOLET v-rv s<s THREDOLET sv—s. s

(a) REGULAR SADDLE

VENT HOLES,
{in adle oniv)

NIPOLET i+ ve S

LATERAL jlsuyl; g S-A
STUB-IN ju pus3 Y-1) K3 sl bl e el S

S5 okl slghgy £lgil (1111 S

Table 3.3 P'ressure Heduetion Ratios in I'er Cent for Unreinforced Intersections®
Branch —’ T T
. S 17 b o2 ey st | 4 | e | 8 |10 [ 12 |1a | 16" |18 |20 |24
i;e.ade.—
Size
1 | 100
14 09 | 100
ol 00 100 | 89 :
23 80 7l 67 66
3 77 | 63| 65| 64 | 63 |
4" 100 63 62 G2 61 50
[ 100 100 50 | 60 58 57 GO
s 180 100 100 58 57 o6 58 57
10" 100 100 100 56 55 o4 5€ 55 55
12" 100 | 100 | 100 | 56 ) 55 | 54 | 56 | 55 | 55 | 54
14" 100 § 100 | 100 | 56 | 55 | 55 | 57 | 56 | 55 | 55 [ 54
167 100 100 [ 100 | 56 a5 54 57 56 | 55 54 | 54 | 53
18" 100 100 | 100 | 56 35 55 | &7 56 | 56 55 | 54 54 | 53
20 j 1o {100 | 100 | 56 | 55 | 35| 57 | 56 ) 56 | 55 | 55| 54 | 53 | 53
24" ] ]Uﬂ_i 100 100 SGJ 55 55 57 50 56 55 t 55 54 53 53 52
“Based on the Code for Presaure Piping, ASA B31.1 for: standard weight pipe with 0.1 corrosion allowanee; Jeg of fillet weld = 77
iar branches 4/ o smaller, and ' for Jarger branch sizes.

(SR Axao (9 (S 8 Skl (11-1Y
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48 Applied Process Design for Chemical and Petrochemical Plants
— 1
= Zs0 §0e S, |
. BELL~MOUTH R REGULAR SGREWED qn COMPOSITION DISC e o
i —— | INLET OR REDUCER @ 45* ELBOW .51 GLOBE VALVE NCEEVALYE |
I K+ 0.04-0.05 K= 030-042 - Ke52-73 LRt - - * i
. LONG RADIUS FLANGED BEVEL SEAT " oR ~ ) :
L— | souaRe €DGED INLET
" — 45° ELBOW GLOBE VALVE BLOW OFF VA = s =
r LRSI K= 0.18-0.20 K= 65-7.2 Knzs Ks=0.236 Ks=0471 Kg=1.129
= Kr =0.320 Kr=0.684 Kr=1.263
i g | SCREWED RETURN BEND g PLUG DISC
[ PR e FIPE GLOSE- PATTERN /| GLOBE VALVE LG
T s K= 075-2.2 ~ghwm K= 72-10.3 il
“““““ — FLANGED RETURN BEND P
NOTE: K DECREASES WITH -; COMPOSED OF TWO WEDGE DISG COUPLINGS
NCREASING WALL THIGKNESS OF w 90° FLANGED ELBOWS ; GATE VALVE AND UNIONS
PIPE AND ROUNDING OF EDGES REGULAR K= 038 " K=005-019 Kr0.02-007
LONG RADIUS K= 0.25
: REGULAR SCREWED STANDARD SCREWED TEE DOUBLE DISC
’ ° ELBOW BRANGH BLANKED OFF GATE VALVE RE:#EggugEﬁgNG
bl K+ 0.55-090 K= 04 K= 0.08-013
i LINE BLANKED OFF USED A5 REDUCER K+ 0.05-2.0
i LONG RADIUS SCREWED | FLOW FROM LINE TO BRANCH s SWING SEE ALSO F16.22
* EL K= 0.85-1.3 LAl GHECK VALVE USED AS INCREASER LOSS IS UP
Y K= 022 -0.60 FLOW FROM BRANGH TO LINE Ke 0.6=23 TO 40% MORE THAN THAT CAUSED
K+ 0.92-215 8Y A SUDDEN ENL T
REGULAR FLANGED HORIZONTAL (LIFT)
& LONG RADUS P e}
h K5-00 ;E%oavg SCREWE DT E CHECK VALYE S} | suooen envarcement |
- LINE BLANKED OFF . 3 =1—l"é;v- " FEET OF FLUID o/d | Kg Kr |
LONG RADIUS FLANGED FLOW FROM LINE TO BRANCH Ay BALL i
-‘“ 90° ELBOW K= 0.37- 080 @ GHEGK VALVE \F SEE ALSQ EQUATION(S) 1.2310.195 | 0.347 !
P = - 0. FLOW FROM BRANCH TO LINE K= 65-70 g M . |
| LS e =one h=3% FEET OF FLUID 1.44|0.196 |0.320 |
v . 1.67(0.150 | 0.300 |
- =K% FEET OF FLUID heKkg§ FEET OF FLUID 1.70| 0.149 [0.299 |
1.91(0.154|0.312 !
P — 2.3710.167|0.337
) [ [ SR 2.96|0.172 | 0.342 |
04 - —= - 4.1110.190|0.354 |
= 4.70]0.192)0.360 1
i
203 |— — - T — 6.10]0.201]0.360
3 | - 4 :‘E[ " 25-30% lo ]
= ) : - Mote . K wvolues for 3-Miter,950° Bend only wer |
Boz2 | Sudden Reducer than above values. .
1 h= Kf}Zg . -
ol T .
T Kg = Resistance Coefficient for Smooth surfoce

. En
%0 2.0 30 et Kr =Resistance Coefficient for Rough surface, o-20.0022
Ratio of Diometers, d/d;
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Sizing Steam Piping in New Plants
Maximum Adowable Flow and Pressure Drop

Laterals Maing

Pressurs,PSIG 600 175 X &0 1% X
Densit, HCF 081 Q41 0106 0351 141 016
4P, PSloc 8 070 030 070 040 X

Nomiral Pipe
Size, in. Maximum Lb/Hr x 167
K| 15 1B 1.2 62 27 09
4 1 15 32 12 57 25
& & a 85 n 16 6.5
8 b 2 18 &l K, i
10 % 7 k7 e =8 2%
12 1M s b 18 & k.
14 1% 70 PSR AT 54
16 BN 20 W X0 168 78
18 e X0 1% Lo 2 Mm
X R {1 |
M'

(1)600 PSIG steam & at 750°F, 175 PSIG and 30 PSIG are
saturated.

2} On 500 PSIG fow ratings, inferna! pipe sizes for lamer nomin!
diamelers were Lakan as folows: TH/16.5, 141287, 1211167,
108757,

{3 If other actual LD\ pipe sizes are used, of # local superheat exisis
on 175 PSIG or 20 PSIG systems, the afiowabie pressure drop
shall be the goveming design criterion,

Sizing Cooling Water Piping in New Plants

Maximum Allowable Flow, Velocity and Pressure Drop

LATERALS MANRS
Pipe Size ! Fiow  Vel. P | How W P
[ G Risec. RADD | GPM  Rsec IO
3 L ¥ 1) i I & S K |
4 M 5 4% W 3
§ 0B 5% KR M &2 1R
8§ W BT LB B L7 1%
16 156 810 2N 1,100 448 119
12 280 68 218 1M 11t 14
14 0 7H 20 | 2XO0 E13 144
1% 450 791 it 330 ;196
18 [ %1/ I e 138 450 B 07
. - e ~ | 500 & 147
24 - - P T2
K 1] — s — | 190 i5 11
$izing Piping for Miscellaneous Phuds
Dry Gas 100 s
Wet Gas 50 se:
High Pressure Smam 150 e
Low Pressure Sizam 100 s
Air 106 sz
Vapor Lines Gareral Max. veocity .3 mach
0.5 partaoft
Light Votatie Liuid Near Bubble 251 Yead kol
PL Pump Suckon suckin e
Pump Discharge, Tower Reflux 3-Sptoon
Kot OF Headers 15psia0ht
Vacuurn: Vapor Lines below 50 VAL Alow e of §%
Absohte Prssire absdiste pressire
for tictiom loss

o 50 HLd =l 9 lmo Cs (V)T S
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Sugoested Fluk Yelocitlas in Pips and Tubing
Liquids, Gases, and Yapors st Low Pressurea to 50 psig and SUF-100"F)

The vsiocitey sre suggeTtive only e? irs 10 be tnied 1 approx-

The st Brer £z shoukd be wach a8 1o ghee 30 scomanicsl hatancs

e e HIe B4 & ITHIUNQ DOU far drog oop and lociy
Suggestud Trsl Suggestnd Trist
[ Vwiociy Pipa Matacisé Fhupir) Veiccey P Ulatartal
Acardene [Observe Sodiurh Hydroods
DFERSUME EMtaDOns} 4000 o Steel 0-30 Parcern Eys Satenl
Aar. G 1o 30 peg 4000 Tpm Steal -5 Purcarn S d
Ammonia 50-73 Pafcart 4 ="
Ligquid £ Stoe! Sodiam Coride Sol'n.
Gan B00C Tpm Sesl No Solids Sigs St
Senzons 61ps Steed With Sofcy 15 Vin-
Bromine 15 Mux, ) ol or nickat
Licuid 4 fpx Gtasy Tstps
Gas 2000 tpm Glasd Porrrioreivyhirw 1) St
Cakcium Criorica apg Steal Steam
Carbon Tetrachionde &g Steel 0-30 pu Saturated™ A0-5000 rom Sl
Chicore [Dry] 30150 p Saty-
Liquad Sipa Stwal, Sch. b3 rEtad Of St~
Gas 2000-5000 ioxm Steod, Sch. 50 hegtad BI00-1 00CF: fpm
Chiemiorm: 150 poup
Liquad & ips Copper & Stamsd superteated BT SO0
Gas 2000 tpm Copper & Staat *Short es. 15,000} B
Ethytens Gas 6000 fpm Stael e}
Ethylans Ditromioe 4 ips Glass Sulturie Asin
Etfrydena Dichlonioe € pa Stesl A8-52 Percant £+ 5 5-WE Laaa
Ethylena Ghyeol &1ps Steet 23100 Farcert s Caest wron & Stes,
Hydrogen 400G fpm Stesl 3= 30
Ligudg Sipa Pubber Lined Evs St
Gas 4600 fpm F. L, Seran, Trichioretinena Ees [
Haveq Vinyl Chicnda L3 - Sl
Meihyi Chionde WinySclawar Chiloride Efos Somr
Uiqusd 6fps Staul Water
Gas 400 tpem Stee! Avarags sarvice 3-3iavy 5 iox Swel
Mansral Gy 8000 fpem Sleos Bloder fead =12 tps Shees
i, hubocating & px Stasl Pumg saction ines =5 tpa ol
1800 fpm haz Steel (300 prig Maz } Maramum seonomi-
fambient temp.) 4000 Ipm {  Type3D4SS caf fusal T-1a s Sy
{Low temp.} Sea v brackish L concrmte,
Propylens Giyeol s Slesl waztec, e pipe 54 fpal 2 ot $aran-
Concrete =32 Aedin, ) Dat Yt

Note: it L. = Aubberinad steel

Typicsl Desion Vapor Vetodties™ {1t /sec.)

Typical Dressgn® Velocities for Process System Applcations

iine Sires Sarvice Wescity, Rfamc.
Fhat =8~ a1z bl
Auerag ~E5
Sateraied Vapor Pump suctoen Macept boillngd 1-5
030 50 psiy 30-115 50-425 BO-145 Pumg sucion, keoling) 53
Gas o Supwhealed Yapor Boder Tead witer [disch., pressom) -8
00 10 paig 50-140 90-190 1H0-250 Terain lines. 154
11w 100 paig d0-115 T5-165 5= Liquid to reboder (0 pung 7
17 1 907 pavg 30-85 83-150 B3-185  vapor-fiquid mixture out reboer =30
Vi Bated are guiches. and final line: sizes and fiow yelocies e s s
rmusd be determined by appropriste 10 st g Gravity secarmor flows 55

starwes. Vacuom lnes as nGt inchiced in e table, Hot ey 1)
erate higher valocies. FIGH YRCUUNT Condiicns require Sareid
procsure crop gwskartion

Usual Altowable Vaiocities for Duct and Piping Systems®

SarvicalApniopon Velocity, fimin.
Fixend draft sucks 2,500~3,500
Inclucad-draft fues and reeching %,000-3 000
Cramweys sand stacks 2,000
‘Wader Bnvers [max ) 20
High presrsure sisam Bnary 10,000
Low prostim stasomn hres 12.000-15.000
Vaoamm stenm Ires 25,000
Commprassod wir lrs 2,000
FRatrigerant vapor ey

High pressure 1,000-3,000

Low prertrs 2,000-5,000
Ftrigarant iquid 200
Brive foea A0
Vensitiog duct: 1,208-2,000
Registor {riles 500

- Chemical Enginess's Handbook, rd Ed., p. 1642,
McGimw-Hll Book Ca, New York, N Y.

"To be UESd 83 Uk, Dresre Srop and SR TSP Qo
wn fira! selection of pipe sira.

For heavy s v Acagiy, Fes ShOLMT ber o aboes
% vmhres Fhomn, s

Flacts nof B corstilr susponded sobd paric .

Suggesiad Steamn Pipe Yelocities = Pipe
Connecting i Stadm Turbines

Sarvice—STcam Typical Taga, fL/sec.
I Ao Sartuine IM150
Exhusrst, non-tondensing TI5-200
Exhaurst, condensing 500

dod 10 HLid B 9 Jlmo Cam (11T J9u> doldf
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_—I or—-—-————l. 12 34" ADJUSTMENT)

REAR BRACKET imciwses swer)

ROD END (A.H) ROD E‘HU (L.H.
\ EXTENSION PIECE

l—p

RIGID STRUT oui slagSi( 11-Y¥ s

ALLOWABLE PIPE SPANS
BASED ON USING ASTM AS3 GR.B. PIPE FILLED WITH WATER
e 93° & UNDER LIMITING STRESS=5000 Psi) UNINSUL. |93°C- 315° LIMITING STRESS=4325 Psi(INSULATED)
WALLY 93°C & UNDER LIMITING STRESS=34.47 N/mm2 (UNINS.) [93°C-315°LIMITING STRESS=29.82 N/mm2(INSULATED)
on | nes | ™K MAXIMUM RECOMMENDED MAXIMUM RECOMIAENDED
SPAN DEFLECTION SPAN DEFLECTION | SPAN DEFLECTION SPAN | DEFLECTION
20 | 3/4" | 3.91 4400 19 3600 9 3600 12 3000 | 6
25 1" | 4.55 5000 20 4300 1 4200 13 3700 | 8
40 |11/2"|5.08 6000 20 5400 14 5200 14 4700 10
50 2" [s.54 6700 20 6000 13 5800 13 5300 10
80 3" [s.49 7800 18 7100 13 6900 13 6400 10
100 4" [s.02 8700 18 8000 13 7800 13 7200 10
150 6" 7.1 10200 17 9500 13 5000 12 8300 9
200 | 8" [sas 11300 16 10500 12 10200 12 9400 | 8
250 | 10" [9.27 12400 15 11400 1 11200 12 10500 ! 9
300 | 12" [9.53 13100 14 11900 10 11800 11 10900 8
350 14" | 9.53 13400 14 12400 10 12100 10 11300 8
400 | 16" [9.53 13800 13 13000 10 12600 10 11900 8
450 | 18" |9.53 14200 12 13200 9 12300 9 12000 7
500 | 20" [9.53 14500 n 13300 8 13200 9 12500 | 7
600 24" | 9.53 14800 10 14100 8 13700 8 12800 J 6

P 4 Sl Jolgs (11-T7 Jauer
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THERMAL EXPANSION DATA
— — - - , ———— — = - -
] A = Mean Coeflicient of Thermal Expansion X 104 (In./Tn./F) }un soing from 70 I to Indicated
It = Linear Thermal Expansion (In./100 Fu)
" Temperature tange — 70 F t -
Material Ct_ul'ﬁ SMperant Ll ?. ; - S
I cient | 70 200 | 300 | 400 | 500 | 600 | 1200 1 1300 I oo |
f—— L —
Curbon steel; Cathon-moly steel low- A 5 G638 060 | 0.82| 7.02| 7.23| 7.44 7 Mgl s oW
chirome steels (Lhra 395 er.) n (] 0.0 1.82 2.70 3.62 4.60 5 63 6.70 | 7.81 BoEO | 100 1 [N I I 1 13
Intermediate ulloy stecls; 5 Cr. Mo. thru A 604 ) 610 | 6.34| 650 a6 | 6s0f cus| Tao| 72| Tzl T | 7Tam | 7 55
# Cr, Mo, sl o 0.04 1.71 2.50 3.35 | 4.24 5.14 ¢.10 | 707 BOG| D05 1000 11 o0 | 12 05
Austenltic atalnless steels A 0.34 0.47 .50 9.70 0.82 U2 1005 | 10 LG | 30 29 | 10 30 | 10 48 | 10 54 | 10 t
t n o 140 ) 2.00 | 3.80 | 6500 6,24 7.60 | 880 | 1002 | 40 48 | 12 84 | 14 20 | 15 56 l 16 u2
Etraight chromium atainless atecls; 12 Cr, A s 5. 50 5.00 6.81 606 G.13 6.20 6.3 6 52 663 672 G TR B RS | G
17 Cr. andd 27 Cr, H 0 0.80 160 | 2.30| 3.08| 3.00| 473 500 | 0 40| T40 ) wur ] wzo |0 | 1ol
i
25 Cr. - 20 Ni. A 770 7.02| BO8| 8.22| 8238 | 852 868 | BRI | RuU2| won| vos| vwaz| vas
n 0 20 ] 2008 3.20 | 424 533 644 T | 5780 vos [ oz ]z s g6 | 1a as
Monel A T.B4| BOZ| B.20| B 40| 858 | B78| Suva| 916 | 933 wazi 070| 9 R4 | 10 04
‘ 67 Ni. - 30 Cu. It ] 122 220 3.25( 4.33] S5.46( O0.64 | 7.85 0 voa2| 1o a2 | ve.77 | 03 05 | ve 58 | e o2
Monel A 748 708| 700| 8.00| B30| B50 | B70| BOO! 010, 93| 050 | 970 | 08y
66 Ni. =20 Cu, Al u 0 1.17 2.12 3.13 4.17 5.28 6.43 7.62 BoHG | 0 MG | U050 § 03 o0 ) 14 32157
I Aluminum A 12.05 | 13.28 | 13.60 | 13.00 | 14.20
| i 1] 2.00 3.00 5.30 T.17 .03
1
Grauy cast iron A 575 5.03 o.10 .28 447 04.05 o.B3 7 00 T 10 |
i o Owd| L4 242 324 4.1 03| SUS| 67| BOZ
Hronse A . 10.03 | 10,02 | 10.23 | 10.32 | 1044 | 1052 [ 1002 | 1072} 10 KO [ 1000 | 11 00 |
n 0 1.50 2.7 4.05 5.33 0.6 7.05 V30§ 10 GE | 1208 1347 | 12 i g
Drusa A 0.70 | 10.00 | 10.23 | 10.47 | 10.60 [ 1002 | 1.00 | 10 40 | 1163 [ 10 us | 12 u-.hl 1 :
n [} 1.52 2.70 4.05 540 ("] B2 D78 | LD 35 | V2 oUM | 14 65 | 0 3 1 |
Wrought lron A o0 7.32) 748 701 | 773 7.88| BO01| B3| B 20| 83 ‘ 1
K [} 14| 2206) 301 300 500 608 7a2) 826 0.36
P | |
Copper-Nickel A .o B.54| BTl | 8.00 e e . . I | | ! |
(70-30) n| o | 133 240 32| .. L . lt . ’
{ i ] ] e A e —

g Jab sl a0 (11-VE Jgoor

LINE INERTIAS

Asy Bead in Plane of Projection Straight Line in Plane of Projection Parallel to Either

ren determiving th

CENTROID L5
m and the value o ¥ the alzebric = ki = bR (Ey. TV) v
psider each uniform segxent H
. T - x
vaite of each segm o cgd ! ]
and location applic oFE: Alge winautiog means e g s ]
ronvenience appiy al o and decimuls. Pt or minus iad st b codend 1n n oy i
R p_— J - ey b
ENTER OF GRAVITY 0F 1INZ SEGMENTS (cg.) Straight Line in Plane of Projection ] 4 Sy,
: =L (Eq. 1) e
2ot Line i 0 e ! x L }
? 5 =i L} i Tt
L - Ty = Ly (F v

i
= ——
(I |
L—LJ\" e T, !

i

Straight Line in Plane of Projection Inclined to Axes

90° Bend ! i
[ 90° Bend Perpedicular lo Plane of Projection X *—:
jozen |
. ¥ I
g LR, , .
josn Straight Line Perpendicular to Plaze of Projection = LI30y = 18IS (Ea. Vi {may be I
2 YT (Eq. 11) ¢/ , e
! v v “—A-\—F |
et P tiroybe o)) ca—" [!
Any Bend 8 | —_— | ¥ [
| i - | :
s | ~ e
e o |
‘ I ! cor \/—mma ! 1
1 B ‘ ) [ -
i sin2
% | L £ it (Eq VIT)
i, | v I Note: Sin 29 may be + or —. Measure angle # from che
Notizz The factor L3 accunals for the torsional displacement v 3 s tovand e+ 2o e poper S Forveher
of the r of ?ﬂ‘— s0¢ page 3l
90° Bend in Plane of Projection
Ry imEe e Straight Line Perpendicular to Plane of Projection
2
) v
» o I L 3 1
ot Beesroi PRODUCT OF INERTIA CERySUIN— i
! i ) oy b
i The product of inertia of an element is its length Lws s |1 -Q,J
. multiplied by its distances from two axes. The product e I
j of inertis of an entire branch is the sum of all of these L |
| sroducts. Since distances 2 and y may have - or - e e =
igns the resuit will be positive or negative, |
e ) The following formuias give Product of Inertia for
Nowt: Far vaiese o £ ¢ ; rarious line segneats: Ty = 13Lzy (Bq. VIIT)

W Slaseia( 11-Yo K



.

MJou>

(11—

!

>1 0139

.

=1

£ e § A 2
NS FEE e 3 )
3 e g 37 g e bu T - - - - T - | - | - - [ecespess:  %03HD
g, | 24 5 S IS U TR N U IV PO DSt P It e 38019
,m i1 - # m N 355 o 5'0492]9°8251 ¥°1v8 [1'€202|€°9€L 1| 6489 |0°/991 0'715] 8'6E5 [L2rEN L3169 SOt JLV9
. L8 % 220 P SNV 13/SIATYA
88 R 3 | s i A TISC|CTes |7 E2L (108 | GOLF | 676 |06ec[C oty | BFE | S HZH[0Z0L}Y'6S (IRE]
ac = a3 I 2 < - g1z |vivi | eos |esiz]oze| vvs | gger| 986 | 2ev [SLLL] byl 988 "HH1/'0'S
13 . Y gy ——— 112 v - octe|siznl vzs [oise | eoet| 669 [2aie|6801 | 948 |vush| w8 [€'9P] NOINGIIM
s 8 N g < . 5591 60c T0s1 | 0091 00¢ | 051 0068 00¢ | 06% | 009 60s [061} SSYTOMONVId
< i g ¢ . T Tg0r[806] - | Vec|6ve| - |sve|rer| - [56l [0S dvo
zog | 08z | 665 | ves | Evs L] - | VEr | 9CE | 982 | O'EE |¥'SE y3onaay
= = g = S lzezzlzeer| - |eewr|veek| - jEEvh|Vibb] - [0°L241€°S6 331
8, _ =2k = ) - leve | oze| - |ezorfees] - |ees|Lov| - |vsy [8GE[HTDIC 5p'813
- | 3 Y o FTTTTTT R . lieer]| ess| - |ozor|evz| - |vyei0es| - | 089 |yériuso3q 06813
£ 0w O € ¢ i . € 2 M vezz) o'set lozst [vees | emor g 6ri] - [vezt] 666 | 1728 | 0°€6 19°04{ U190 06'813
§ 5 s 5 | FXX | WX | 018| HXX| HX | 0Lls| HXX| HX[QiS} HXX] HX| Gl¢ "HOS/SONILLIA
S RS WY L \ ] E .Ac [~ oot D Gov o5¢ 3215 3did
3 T | =2 % seiiy 2 T2 _ % S4TS 1S 9ee (0752|2197 [0 02¢ |8 91| 682¢]9 OvF 990k |67H0c] L7068 10°89 CREEE)
! NI T 3iE g Wi | z 5669 | 1zee | v089 | 928807022 9215|1622 | §'She | g6 L vel |6E8 28019
Byt , H £EEs & @ | . 5226 | 0oy | 088z [¥vis | 2ove |v'902| GSEy | V62| €'8EL | 27182 £'E9L 1298 EID)
z S 3 ERE IS RS DS SRVIASIAIVA
gy 2 T ETE. & | Ele e TEET | GCa | 667 |gV0V | 9L | S IE | 0vG | L9 | pOc | O6E | [eT|8}E aniie
) g & LAY 3 = %Az 616 | 225 | 062 | e08 | L9c | g6y | 2zeg [ €92 | o€k | €98 | L)L |98 "YHLI'0'S
8 2 4 "o ceorl 979 | goe | Loe | ey | oeef bes | voe | 2 | 298| 16 16°0L]  HJINATIM
-7 539 T 005 |05+ 000 60t | 055 [ 009 |00€ |06 {005 [00¢ [0St SSVIO/ONYId
T (el ] - [ e8] - | - | ra| - |er[EE dvo
e9e | 161 | GvL 6wz | Let (0oL | kpr| e8| vo | §6 ) 09 |6€ ¥30na3H
18| 066 | €02 |50t | 665 | 6767 | 6°6v | 0'6E | M'EE | G'62 | ¥'0C 0°SE : a3l
oes | vee | 2z |zes | sve | ves | gzz v | vor | Sv] 92 | 1’6 HTD30 Sy'and
5 ~ ey leee| - |zee|sve] - |60z vwe| - 00|89 |us930 06’813
g , “ : covel gez | 6vs |vevi| L1 [ose | vvs {226 | 602 | 9'82 €91 |¥0L| HT'D30 0613
- > - 5 € IXT T HX [ GLS WYX | HX | 018 [ HXX | HX_| 015 [ HXX | HX [d1§ "HOS/SONILLIA
A g7 (I 0%¢ 0Ce BST EMIECIE]
i |z & 4 TSI O [COC [ PvG [ SVe [ ele | OLv [ L2 | +8r | cLe | FBLTBGE WOHHI
H | %l 5 % £ e | gso | vevleos | ey |2ie | vvs | eie | L2 | 988 | v02 9EL 380179
3 ;FE: 3 It | ver | sy [gos | 2os | eue oy [ vy | eaz | €981 SR 1L8Y 319
2 | EE E i . DNVT/SIATVA
£ e m 2 2 = g8l |ceb [ LL | V6 [ LY 89 | ¥'S [ Sv | 9¢ |8} T anNing
= | £ % = 3 z gar |oor | 65 |e¢ | 65| 9€ | 65 |5y |ee| tv|ee ee "HHL/'0'S
g [ 5 ' veb l et | 8o |vor | g9 gy | eelvs |oe | vs| by |Le NDINGTIM
= ; ol = m G091 008 | 681 003100t |05V | 009 00¢ ! 051 5035 00¢ |06+ 55710 TONY 14
g, 0 2 = OC [ 9r OV - | S0 (90| - |Sa | €0 - [¥O]ED avo
g e H E re oz | e | ve |l v jeo| s |eot| Lo f 0] 50 50 y3onaay
3 g | 62 | ve|es | ev|se| vy |ve|se ) v s 33l
= sv | oz |eeloz sy | v oy o] cofor|so|vojuroza sya1d
2 - - leelee| - [ vl - |Jor|so] - | L0 |v0|HSDIC 06873
. & v | ss|ov{ve | 62 ezl ze |6t | gy {ee] ol j80|dTo30 0681
3 d 2 s ; AXE | AY T GIS] AXX | AX GLS | HXX | AX [GL§ [AXX | BX [GLS| HOSISONILLH
E g i . E g L .. 03 o8 59 G 371s_3did]
e h P e E o , : .
Pl 3 “ il S (SHYHDO TN
5 H i ¥ . SIHOIZM DNidid
B & z b £+ =
= ° - Ak E
L | ; :
3 R < _ s




Y - -
Variable Spring Supports
Fig. DV35-DV70-DV140-DV210
o
b " Roosano
- 3 I ARG
H ool v _y =
. F S
- "
| -—
et u ey
x| T Posiion) Pasitan)
! il
] i E
- b w J . —, ] W&m [
: P et
R AR SR, : ;
Wi
Type A Type B Type C Type D ,Ti(,{;gnmbw‘vslsm
i
Type E
Rod Gones 23 spo, by vstomer
Rodsized i1 R
ot s e B
Pozton e |
dons i
r T
L 1 X -
Awk Type H ‘ Type K
Sex .
— NOTE: SECTION
— —eco— - Lwhm | m:x"ni’k”,?f.'!.,:“.fﬁfn%“;‘;‘g"ﬁrﬁii xx
s Farga s A e soppsa [ Dimension &
TypeF Type G
General Note: Site Adjustments:
. Sizes 0-17 are manufaclured ullising the dimplad casing construction Types A, B, C & G = 75mm
2 Sizes 18-22 are manufactured as a rotally welded unit. Types F. H & K = 25mm
g

Variable Spring Supports ;f

Variable Support Selection Table

oV [ DV | DV T T
210 | 140| 70 | 35| ©° 1 2 3 4 5 6 21 22
I~ e | eaz 652 | 873 | 16l 86355
Over Bo8 | 8as | 1190 g
Tiwva! 30 | 20 0 H 685 | @17 | 1een 0738
. | 1245 | | 2927 | 123929 |
| 61| tenr S5T16 | 126840
W 0 [ [ 7 G63_|_ 1008 57305 |1
Working | | 1337 | 50494 | 132687 |
Load 1367 01663 | 135607
1356 GaaT2 Z
i |
;0 220 11© 5 55
1484
1514 | 8127 |
| 1543 6246 |
1573 4B6T | G365 | 8424
& 40 20 0 i 1602 4950 | 6484 | 8562
] 280 | 40 | ser Teai | 5050 |. 6603 | 8740
g 785 | 417 | 536 1661 E141 | 6722 | o897
i | 435 | 5% RS0 5232 | 6842 | 9055
k] 32 | 55 | 1720 | [ B961 | Gaia
a0 80 30 15 a0l 438 564 1749 kL a3r0
g 306 | 248 1779 5555 | 7199 | 95a0 |
312 | 454 | 1806 | 5506 | 7318 | 9685 |
.g 7 | 62 8T [ SEaT | vaa7 | 964
% R [ 7887 5778 | 7556 | 10001
= 120 60 40 20 e RS BEED | 7675 |
| 35 | e 1926 | 2567 | 3439 | 4b85 | BOG0 | Fru4 | 10316 |
[ 38 | a1 958 | 2607 | 9491 | 4855 | 60s1 | 7913 | 10473
343 | 408 | TaBa | 2646 | 0544 | 4775 | 6142 | BOde | woeat
348 | 506 2014 | 2685 | 3506 5| 6233 | Bi151 |0
g %0 100 S0 25 [ 354 | 513 | | 2043 | 2724 | 3ean | Bari | 109%E |
L5 [ 3% | sz0 2073 | 64 | 3701 B3G0 | 11104 | 1
578 _| 67 7102 | 2803 | 3754 §505 | 11262 |
| "3/ | %98 | ear 13z | 2642 | 3806 | [ @626 | 1iais
375 | w2 2681 | 3859 | [&7a7 | visrr
180 120 60 30 [ 380 | 2921 | | 8866 | I:n'ma
385 | 557 J9E B985 | 11686€ | 1
Max 351 564 3060 12050 |
Working | 396 572 12207
Load a0 | 578
210 140 T 35 05 87
412
Over | a7 &0
w 20 w s [ 4@ | &8 |
L [ dar_| 618 | Lo
v 43 | 623 | W 59159
Figuro 0V35 53 74 §T T T S T [ @i ] %2 | S5 [ 701 | 914 | 161 | V6] 762 | PA02 | 3vaz | saka | T7 (1288 1 LK
—F.ﬂﬁwn'_ £ 37 | 47 | & B3 | 110 | 147 | 196 | 268 | 350 | 455 | a5 | 788 | 7 T 7e07 | 1831 | 2627 | 9503 | 4853 | 6198 | 8231
_‘_Fiquri'w-w ) 13 [E] 24 31 | 42 55 3 |38 | 1 | 175 | 228 | 298 | 394 | 525 | 701 | D46 | 1313 | 1751 | 2326 | 3100 | 4115 | 573
Figure DV2T0 5er e T 5T | 2oa | 277 | 367 | &9 | 653 | B77 | 167 | 1517 | 1983 | 2627 | 9505 | 67 §303 | BT L 11 a??l 7551 | POBE3 | 274 37| 064 67 |
| —_— "55——“ . ) T 7 | 3 ] ] B T | & | 9§ | 0 n i2 iE] @ | 5 1 8 | 17 8 ,'9I 20 2
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Constant Effort Supports - Types Avaitable #

constant Eﬁort SI-IPPOI't selection Table Select Vertical Constant Effort Supports (C51)

standard 'rravel Range (Spfi"9 Sizes 1to 33 from Right Hand Side of Heavy Line
Total Travels 40 to 320mm .
& A
8
n  FOADS IN Kn
© ‘[Constant TOTAL TRAVEL IN mm
Support [ ‘ T
Size | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200 | 210 | 220 | 230 | 240 | 250 | 260 | 270 | 280 | 290 | 300 | 310 | 320
Min Load | 598 | 480 | 402 | 343 | 304 | 265 | 245 | 216 | .196 | 186 | 176 | 157 | 146 127 | 117 | 118 | 111 | 107 | ,102 | 096 | 094 | .091 | 087 | 085 | 082
1 765 818 510 441 7538‘2 343 304 274 1255 235 216 206 196 157 | 157 147 10,1371 0,127 | 0,127 | 0.118| 0.118| 0,108 | 0.108 | 0,108 | 0,098
2 981 | 784 | 657 | 559 | 490 | 431 | 392 | 353 | 24 | 304 | 284 | 265 | 245 206 | 196 | .186 | 0,176] 0,167 | 0,167 | 0,157 0,147 | 0,147| 0.137| 0.137| 0,127
3 1245 | 990 | 824 | 706 | 618 | 549 | 500 | 451 | 412 | 382 | 353 | 333 | 314 265 | 245 | 235 | 0.225] 0,216 | 0,206 0,196 | 0,196 | 0.186 | 0,176 0,167 | 0,167
4 1579 | 1265| 1,043 | 902 | 794 | ,706 | 628 | 578 | 530 | 490 | 451 | 422 | 392 1333 | 314 | 304 | 0.284] 0,274 0,265 0,255 0,245 | 0,235 | 0,225 0.216] 0,207
5 2,001 | 1,608 | 1,333 | 1.147 | 1,000 | 892 | 804 | 726 | 667 | 618 | 560 | 539 | 500 422 | 402 | 382 | 0,363 0,353 | 0,333 0,326 0,314 | 0,294 0,284 | 0274 0,265
6 2,550 | 2,040 | 1,697 | 1.461 | 1,275 1,138 [ 1,020 | ,932 853 785 726 677 837 539 510 490 | 0,461 0,441 | 0,422 0.412 0,392 | 6,373 | 0,363 | 0,353 | 0,343
7 3,246 | 2,599 | 2,167 | 1,853 | 1,628 | 1.442 | 1,304 | 1,187 | 1,079 { 1.000 | ,932 .863 814 686 | 647 618 {0,588 | 0,568 { 0,539 0,620 0,500{ 0,480 | 0,461 0,451 | 0,431{ 0,422 | 0,412
8 4,138 | 3,305 | 2,756 | 2,363 | 2.069 | 1.834 | 1,657 | 1,500 | 1383 | 1,275 | 1,177 | 1,098 [ 1,030 873 | 824 785 | 0,755 0,725 | 0,686 | 0,667 | 0,637 [ 0,618 0,588 0,570 | 0,543 | 0,540 0,520
9 5266 | 4,217 | 8511 | 3,011 | 2,638 | 2,344 | 2,108 | 1,912 | 1,755 | 1,618 | 1,500 | 1402 | 1,314 | 1,236 | 1,167 | 1.108| 1,049 | 1,000 | 0,961| 0,912 | 0,882 0,843| 0.814 | 0.784 | 0.755| 0,725| 0.706 | 0,677 | 6.657
10 | 6660 | 5,335 | 4.442 | 3,805 | 3,334 | 2,062 | 2.667 | 2,422 | 2,226 | 2,050 | 1,902 | 1,75 | 1667 | 1,569 | 1.481] 1.402| 1,334 | 1,265 | 1.216| 1,157 | 1,108| 1,069] 1.029] 0,860 | 0,951 | 0,922| 6,892 | 0,863 | 0,834
11 | 8473 6,776 | 5,640 | 4,844 | 4236 | 5,766 | 3,393 | 3,079 | 2.854 | 2,609 | 2,422 | 2.256 | 2118 | 1,991 | 1,683 | 1.785| 1,697 | 1,618 1539 | 1,470 | 1.412| 1.353] 1,304 | 1,255 1,216 1,167| 1,127 1,099 1,060
12 10,758] 8,600 [ 7.169 | 6,149 | 5374 | 4776 | 4,305 | 3,913 | 3,589 | 3,305 | 3,069 | 2,864 | 2,687 | 2,530 | 2,393 2,265 2,148 | 2,050 | 1,961} 1,872 1,794 | 1,725 1,657 | 1,598 1,,539| 1,480 1,431 1,393 | 1.344
13 8,081 | 6,923 | 6,061 | 5384 | 4,844 | 4,403 | 4,040 | 3,727 | 3,462 | 3,236 | 3,080 | 2,854 ; 2,697 | 2,550 2,422 | 2,305 | 2,206 | 2,108 [ 2,020 | 1,942 | 1,863 | 1,794 [ 1,725| 1,667 | 1,618 | 1,559 | 1,510
14 9,091 | 7,796 | 6,825 | 6,061 | 5452 | 4,962 | 4,550 | 4,197 | 3,893 | 3,638 3,413 | 3,207 | 3.030 | 2,873 2,726 | 2,599 | 2,481 | 2,373 | 2,275/ 2,187 (2,099 2.019| 1,951 | 1,882 1,814 1,755} 1,706
15 10,200] 8,748 | 7,659 | 6,806 | 6,119 | 5570 | 5009 | 4,707 | 4,374 | 4,080 | 3.825 | 3,599 | 3,403 | 3,226 | 3,060 | 2.013| 2.785 | 2,667 | 2,560 | 2.452| 2,354 | 2,265 | 2,186 | 2,108 2,039 | 1,970] 1912
16 11,297 | 9,688 | 8473 | 7,532 6,7i6 6,159 | 5,649 5,2i7 4844 | 4521 | 4236 | 3,991 | 3,766 3,570 3,393 | 3,226 | 3,079 | 2,852 | 2,824 [ 2,716 | 2,609 | 2,510 2,421} 2.333] 2,255 | 2,186 2,118
17 12,464 | 10,689 9,346 | 8,306 | 7,482 | 6,796 | 6,237 | 5,757 | 5345 | 4,982 | 4678 | 4,403 | 4158 [ 3932 [ 3,736 | 3:560 | 3,403 3,256 | 3.119|2,991{ 2,873 (2,774 | 2,676 | 2.578| 2490| 2.412{ 2,333
18 14,161|12,141| 10,621 9,444 | 8,493 | 7,728 | 7,080 | 6,581 | 6.070 | 5,668 | 5,315 | 5,001 | 4,717 | 4.472 | 4,246 | 4.050| 3,864 | 3.697 | 3,540 3,403| 3,266 3.147 | 3.029| 2.931| 2,633 | 2.735| 2.657
19 16,083| 13,788 12,062 10,719} 9,650 | 8,767 { 8,041 | 7,424 | 6,894 | 6,433 | 6,031 | 5,678 | 5364 5,080 | 4,825 | 4.599 | 4,384 ; 4,197 | 4,021 3,864 | 3,707 | 3,570 3.442 | 3,324 | 3217 3,109 3,011
| 20 17,515) 15,014| 13,131] 11.680| 10508] 9,552 | 8.757 | 8,081 | 7.502 | 7,002 | 6.570 | 6.178 | 5,835 | 5,531 | 5,256 | 5,001 | 4,776 | 4,570 | 4,374 | 4,207 | 4,040 3,893 | 3,756 | 3.619] 3,501 | 3.393| 3,285
21 19,054 16,338 14,288 12,709 11,435 10,395| 9,532 | 8,797 | 8169 | 7,620 | 7,149 | 6,727 | 6355 | 6,021 | 5,717 | 5,443 | 5,198 | 4,972 | 4,766 | 4,570( 4,393 | 4,236 | 4,080 | 3,942| 3,815| 3,687 | 3.570
22 20,810 17,838] 15,602| 13.676] 12,484 ] 11,346 10,405] 9,601 | 8.914 | 8,326 | 7.806 | 7,345 | 6,933 | 6,570 | 6,247 | 5.943 . 5,678 | 5433 | 5.198 | 4,092 | 4,805 | 4,629 | 4,462 | 4,305 | 4,158 ] 4,031 3,900
23 22,7021 19,456 (17,024 15,1321 13,621 | 12,386| 11,3461 10,474| 9,728 | 9,081 | 8,512 | 8,012 | 7571 7,169 | 6,806 | 6,482 - 6.188 | 5,923 | 5,678 5,452| 5,237 [ 5,041 | 4,864 | 4.697| 4,540 | 4,393 | 4,256
24 24,674| 21.143] 18,505 | 16.446) 14,808 | 13,445 12,337 | 11,386) 10.572| 6,865 | 9,248 | 8,708 | 8,228 | 7,786 | 7,404 | 7.051| 6.727| 6,433 | 6,168 5923 5,698 | 5,482 | 5,286 5.109 | 4.993 | 4,776 | 4,629
= 27,125 23,252] 20,340| 18.083] 16,260 14,788 13,563] 12,613| 11,621 10.846| 10,169| 9,571 | 5,042 | 8561 | 8,140 | 7.747 | 7.394| 7.071| 6.776| 6:512| 6257 | 6.031 | 5,815 | 5609 | 5,432 5.247 5,090
f 26 29,950 | 25,664 22,457 19,966 17,966 | 16,338] 14,975} 13,818| 12,837| 11,974 11,229(10,572] 9.983 | 3,454 8:983 8,551 | 8,169 7.816 | 7,482 | 7,188 | 6,914 | 6,659 | 64141 6,198 |-5992 5796 | 5,619
e 29.214( 25,566 22 722| 20.447 | 18,593 17,044] 15,730 14,612 13,631| 12,778] 12,033 11,366| 10.768| 10,228] 9.738 | 9,297 | 8.895 | 8,522 | 6.179| 7,865 | 7,571 7.306| 7,051 | 6,816 | 6,600 6,394
e 33,088 28,949| 25,733| 23,163 21,055] 19.200] 17.819| 16.544] 15,445] 14,475 13.621|12.866| 12,190] 11,582| 11.032] 10,532| 10.071] 9,650 | 9.267| 8,904 | 8,581 | 8,277 | 7,983 7.718 7,473 7.237
29 36,157| 31,636 28.125( 25,311 23,006| 21,094} 19,466 18,074| 16.877{ 15,818 14,886(14.063|13,317] 12,651/ 12,052{11,503| 11,003(10,542{10,120] 9,738 | 9,375 9,042 | 8,728 8434 8,169 7,914
i 30 39,384 33,461 30,636 27,566 { 25,066| 22,977]21,202| 19,692| 18.378} 17,230| 16,220(15,318(14.5141 13,788(13,131/12.533| 11,984(11,484| 11,023/ 10,601 10,209 9,846 | 9,503 9,189 | 8.895| 8.620
3N 42.934( 37,569} 33,392| 30.057 | 27,321 25.046} 23,114 21,467 20,035 18,780| 17,681|16,701/15,818 15,024| 14,308/ 13,661/ 13,062{12,523(12,023(11,562]11,131(10,738{10,366(10,022] 9,699 | 9,395
B 32 46.807 (40,962} 36.402 32,764‘29.783 27,302} 25,203| 23,408 21,839| 20.476 | 19,270 18,201/ 17.250| 16,387(15,602| 14,896/ 14,249) 13,651/ 13,102/ 12,602| 12.131 11,699 11,297(10,925/10,572| 10,238|
33 53.584| 46.886| 41,678/ 37,510 34,098| 31.264] 28.851| 26,792| 25,007| 22,448 | 22,065(20,839!19.741| 18,760 17,858 17,054( 16,308| 15,632 15,004| 14,426/ 13.896/13.396| 12,935(12,503| 12,101{ 11,719
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Dynamic an

SPRING SWAY BRACE

The Carpenter & Patarson spring sway brace has been designed in six sizes related Optional Features
to specific pipe sizes. For normal application it is permissible to select on the basis .
" = . I th X
of pipe sizes and loads. When dealing with complex situations the unit should be 1. Can be supplied galvanised with plastic coated spring 1
i I i . : . . |
selected on a calculated basis. 2. Larger sizes can be custom-designed 1o suit client's requirements. 1
|

| The amount of energy required ta control the pipework should be proportional to the
mass of the pipework. Factors such as the amplitude, frequency or vibration, the
nalure of the vibration and the angle of approach of the sway brace from the axis of
movement should all be considerad.

The unit comprises a pre-loaded spring which can be extended or compressed in

order to give increasing resistance in both directions. This increase in resistance |
overcomes the dynamic forces generaled by the equipment thereby damping |
vibrations, opposing sway and absorbing shock forces. |

All units have 75 mm travel in both tension and compression direction.

Size range: 1to6
Presat loads: 23 kg to 820 kg |
Maximum force: 90 kg to 3270 kg |

Standard Design Features
1. Compact design suitable for use ina confined space.

2. All units have 75 mm travel in either direction.

3. Vibration is opposed with an instantaneous counterforce returning the pipe toits
normal position.

4. Rod coupling allows limited rate adjustment.
5. Standard finish - green enamel.

6. SB 45 Sway Brace and Vibration Conirol Unit is shipped ready for
instaliation.

Dynamic and Static Restraints

" FiG. sB45

D
H | C G E

!
Connector for \ i
Structural q !
Attachment \ | Spring |
(See table below) ' ﬁousing i Spring plate

! N Casing plate

A
ZK Pir} for ]
] sperical | y i
bearing ' S
Spherical ! B F
bearing ™ B
SPRING SWAY BRACE
Spring | Max PIN| Plate T Use with
Pipe | Preload | Rate |Force DIA| Thick| | T2k Structural
Size Size Kg |Kgmm| kg [ L K| J |A B“ c|o|e|F| el H| atachment |..
5000 | 23 | 089 | 90 | 20| 12| 12 |115|345] 42 | 400 00| 25 | 225 30 For Details of
100-200] 68 268 | 270 | 24 | 12 | 12 |115[360] 42 [415[120[ 25 | 225| 30 RSB 15 Structural
225600 204 | 804 | Bi5 | 24 | 12| 12 |1i5]450] 42 | 505 | 150 | 25 | 280 | 30 Attachments

225-600| 400 16.07 | 1630 30 | 20 12 |168{430| 58 | 515|140 | 40 | 270} 45
225-600] 614 24.48 [ 2450 36| 20 [ 20 [168[470| 58 [ 575 | 150 | 50 | 312} 54 RSB 55 See Page 185
225-500| 820 3266 | 3270 36 | 20| 20 ;168{520| 58 [ 625 | 150 50 | 362 | 54

o|w| 2wl p| =

SWAY BRACE (11-Y4 Jgu>
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Dynamic and Static Restraints
S =L
S e B e e |
I FIG. HS 5-6 i
FIG. HS 2-3-4
L B c i ) |
PINGH
= PIN O ‘ | }
i | |
PIN 2H !
B RETRACTION, EXTENSION
i _RETF o XTI
! 1
RETRACTIONJ, EXTENSION ! i N3
l o i o L WD POSITION
L ACRS | !
™ MID POSITION
HYDRAULIC SHOCK ARRESTOR ; B
rox
i ieprox]| MEqAowebs Type No [Borel o M2 stoke| A | B[ C| D[ B F |G} H]| v B o
e DIE|F|G)\H] Length orce Kg
Swoke| A | B | G e W are o2
s L1 RIS ES D FIS5/150| 125] 19000 | 150 | 1000] 389 344 263&22 :: :i: IS "
RSZ7iS0{ 50 | 3000 | 160 787 00 7o 208 0 [ 40 L 751 201 o0 12 1550 FisSauD] 125|000 | G0 | 1o 542406 4| 20a] o5 [1oa] a5 | 05 | 1T
e - e T 28; 80| 40| 75{ 25 | 6C 22 +85/450 [ 125] 19000 450 | 1762] 694! 648 42(2’ 22‘ SR 5;) e i
ne e R N 8| 54 | 113 25 | 60 32 HS6/150 | 150 27000 150 [ 1050|414 394_ 29 IBRLLIRE] R “0] - 2360
e = LR s 113] 25 | 60 41 1625 HS6/300 | 150] 27000 300 | 1431] 566 | 496 359‘24 R "OJ ul 1
s — e 47% 47§ iZ: :gi 2: 113 25 | 60 50 HS6/450 | 150 27000 450 MBES 770| 648 445‘ 241} 108]1
HS3/450 | 75 7000 450 [1623] 624 | 63 6!
HS4/150 100 12500 150 935\360 330{ 246 136| 68 [ 121 35 | 80 52 100
HS4/300 100 12500 300 [1317] 5‘2‘454 321]136] 68 | 121] 35 307 7!
H54/45K)i 100 12500 450 11698 6651 63613971 136{ 68 1 121] 35 ; 80 82 _

HYDRAULIC SNUBBER(Y1-¥- <

& -
Dynamic and Static Restraints /#:
% Dimensions of Mechanical Snubber Assembly
©
Assembly Type A Assembly Type B
A1, L1 and L2: Dimension with pre-set at the centre of total stroke range. Unit : mm |
Al T LT (Min) L1 (Max) 2
Size | A B C D E E1 F G H R T d | Stroke | Stroke Stroke Stroke |
100 | 160 [ 250 | 100 [ 160 | 250 | 100 | 160 | 250 | 100 | 160 [ 2507 |
[005 58 | 18 | 15 | 30 | 176 30 | 47 [217] 15 [ 205 10 | 300 | 390 | 625 | 560 | 650 | 785 | 810 | 900 7035 !
01 [ 92 | 28 | 15 |40 [ 66 | 50 | 36 | 62 |272] 25 | 220 12 | 365 | 455 590 | 530 | 620 | 755 | 930 | 1020| 1155] 430 520 | 655 |
03 [102| 28 [715 740 [ 66 | 50 | 36 | 62 |27.2| 25 [22.0| 12 | 365 [ 455 590 | 530 | 620 | 755 | 930 | 1020 1155 430 520 | 655 |
06 | 123 | 28 [ 15 | 40 [ 91 | 50 | 36 | 62 |34.0| 25 | 25.0| 12 | 365 | 455 1 596 T 560 650 | 785 1@‘ 1220[1355[°430 | 520 | 655
|7 1140 31 | 20 [ 60 | 94 | 65 | 50 | 88 1 427] 30 | 26.0] 15 | 430 | 520 | 655 | 650 740 | 875 [ 1500 | 1590|1725 515 | 605 | 740
3 [ 155] 41 | 25 [ 70 [ 116 | 75 | 60 | 101 | 605] 35 [315] 17 | 465 | 555 | 690 [ 725 | 815 | 950 | 1500 1680 | 1815] 565 | 655 | 790
6 [191]°49 [ 40 | 85 [132| 95 | 75 | 129 763 ] 45 [ 34.0] 25 | 506 | 695 | 730 | 815 905 [ 1040] 1945 2035|2170 | 640 | 730 | 865
10 1208 71 | 45 [ 100 | 166 | 115 | 100 | 162 | 89.1| 56 | 38.0] 30 | 575 | 668 | 800 | 950 [ 1040} 1175|2220 | 2310 2445 735 | 825 | 960
16 1278 | 82 | 60 | 120 | 199 | 135 | 130 | 203 (114.3] 63 | 47.0] 40 | 650 | 740 | 875 | 1095 1185] 1320 | 2610 2700| 2835 845 | 935 [ 1070
25 |04 | 111 ] 70 [150 | 245 | 175 | 150 | 245 [130.8] 90 | 68.0| 50 | 750 | 640 | 975 [ 1395 1385] 1520 | 2720 | 2810 | 2945 995 | 1085 | 1220
- 40 | 355 ] 143 [ 85 [ 180 | 240 | 213 | 170 | 330 |216.3| 100 | 76.0 | 60 870 T 960 | 1095|1435 1515|1650 3170 3260 3395 1083 | 1173|1308
& 60 [ 400 | 768 | 102 | 205 | 250 | 255 | 220 | 385 |216 3] 125 | 86.0 | 70 | 960 | 1050 1185 1565 1655 1790 | 3260 3350 | 3485 | 1215 | 1305] 1440
© [ 100 [ 500 [ 795 | 720|245 | 250 | 320 | 260 | 480 267.4] 140 [ 960 80 [1110]1200] 1335] 1765 1855] 199013910 4000 | 4135 [ 1400 1490 1625
=
DYNAMIC
RESTRAINTS

MECHANICAL SNUBBER(Y - f<
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B3,
ASME, 111 As per B31.3 and B31.8 Fleaibility
description ND plane i, In-plane i, h
Welding slbow or pipe 09 07 a9 T
bend e el e a
Closely spaced mitar
bend (] 08 09 cot# Ts
s <rdl +un® g el red 7 7
(#m2yten f)
Singls miter bead or e 09 09
widely spaced miter e ] e 1+ cot o’—
bend » = rdl + tan 3
" 2
Walding tes per ANSI 09 09 ) T
Blss e i 0.76:, + 0.25 P
Reinforced fabricated 09 (T + ™
tow with pad or o el 0.75i, + 0.28 2.
saddls L] ry
Unreinforced 0.9 0.9 . T
fabricated tee g o 075, + 028 P —*:
| 1
T
Al »
Extruded welding tee
o9 ’
Nol given A 0.75i, + 0.25 (l+-‘-)—
LTy
Waelded in contour ) 0.9 ) 44T
insert Not given e 0.764, + 0.25 ~
Branch welded on o3 01 33T i
fitling (intagrally Not given e 1750, + 0.25 —_— ——
e g =
‘- O
soumr; Courtesy of ASME.

oW T el o (11-TY Jous

TEMPERATURE
DIFFERENCE IN°C TRMPERATURE -
DIFFERENCE IN° C
w|@
AT 200C | & 150
@ I 100
100 aT=30C P s l gl
Sl 1) AT
- ® [©)
3 1012 14 (6 18 10 AU 5
NOMINAL DIAMETER IN INCH L 6 8 10 12 14 16 13 20 2aUP
NOMINAL DIAMETER IN INCH
CALCULATION METHODS :
™ P g i CALCULATION METHODS
VCOMPUTRRANAL SIS { ———
’ i PUTER ANALVS]
2. SIMPLIFIED METHOD g e
2.SIMPLIFIED METHOD
3. EXPERIENCED JUDGMENT . '3
1 3. EXPEIUENCED JUDGMENT
|
ATTACHMENT (31): PIPING CONNECTED TO FIXED EQUIPMENT
ATTACHIMENT (I): PIPING CONNECTED TO ROTARY MACHINES

o BT 08900 ol ((11-TF ylog0d
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Table I: Effective DIAMETER D, and LENGTH L, for Long-Radivs ELBOWS

Stutoute | womnag| HLBOW FACIORIS .

o WRIBRE

0.103 . 28.15
0.134 | 25.31
i 0.280 | 15.04

4G=5T =405, 0.133‘ 1.72 0.5 40 =5T =405

1.3¢ | 0.2 B :o- xS -80Sl 0.432 | 10.87

Bo=XS=80S; 0.179
120 0.562 | B.88

150 o.zso} 132 ©
xx | ea3se| 132 |-0a 162 o718 | 1.28
XX 0.854 | 6.83

557 0.085 | 450 | 27 ! S . )
105, 0.108: 3.07 { 1.3 = e L I !
4o=s.z=4os{ 0.140} 252 | 08 e O S : i .
- §0=XS<-80S 0131 ! 1.95 | 0.4 . o250 | ZEls ;200 , - ‘
- l 0'250{ L O 30 | 0.277 | 23.45 Ms o . !ozse} ex3l ero
e e e 4=3T =408 0.322' 21.05 ' 14.5 20 0312| 7.6 754
085 | 5. : £ [ 0.406 | 17.07 ' 105 ST | 0375 630 | &4
| 1827

i

I

i

1.866 | 22.2 5.8

|
|
S5 0085 5.49 3.7 :‘3
105! 0t0s | 376 | 1B :{szaos! 0.500 | 15.21 ; 7.7 a0 | 0438 887 8L
0=ST=403° 0.145] 3.04 | 12 mo ' 0593 ] 1337 5.8 XS | 0.500 | 515 43.3
B £0=X5=80S; 0200| 2.3¢ | 06 120 | 0718 1156 0 4.0 4 | 0.562) 4.5 | 315
180 [ 0.281 | Lo | o2 140 | 0.612 | 1045 1 30 £0 | 0750 39.8 | 255
xx o400 190 | -0 X 0.675 | 9.83 | 2.5 80 | 0e31| 328! 185
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Chart 2: SHAPE FACTOR f; for SYMMETRICAL EXPANSION LOOPS

RATIO %y OF LOOP WIDTH TO ANCHOR DISTANCE (WIDE LOOPS) . ¥ .

L=U+2H+DL,

where n is read from chort
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SHAPE FACTOR f, for Z-, L- and U-BENDS with large H/w- Ratios
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Table 5: EXPANSION FACTOR , and ALLOWABLE 57
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U SHAPE WITH EQUAL TANGENTS

.
L._U.i I
" Rencting Toree Fo=tlpoc- 2L
T 2
h . - n
Maximum Bending Stress s = ky - ¢ z

Fe Fy
I L Ip in inches! L in fect D in inches

1

: ’?_- 2 3 4 g 6 ) g 9 0 |-L
= o a
L
’{f Ky ks &y ke ks ks ks i
— { 10] 240 2,520 882 2.5% H.29 10.1 1045 1.0
1.24 330 4.65 120 | 4.78] 128 1.0 EREER
14 5.3t 6.79) 15.2 | 608 16 18.1 194§ 1.4
T 6] 7.o2) 13 ! : 843] 184 | 9.20 223 239 16
_B| u45] 16.75] 10.48] 19.0 | 11.08 21.6 | 11.42 26.7 285 | 1.8
{ 20) 1200 18000 125 [ 208 | 13.24] 24.8 | 1387 31.2 33.2 2.0
ad 221 1ass) 2o2nh sk | 200 | 166 | 285 | 16 A a8 f o2
2. 1, H2.2 | 208 1.7 LA 20
. 2.0 ol MEREN I E) 47,3 H0.5 ‘2.{ir
ff 2.8 307 | B0 5.0 a4 | 2.8
. 3.0 43.7 | 85.8 59.0 G3.6 | 3.0
3.2 AT} 412 (3.1 i : 70.6 | 3.2
- 3.1 [ XN IR IIRY] TL3LASD | 742 | 402 1 7.7 | 3.
— | 36 A5.6 | Han 7 6.7 | 80.7 8L | 3.6
3.8 59.8 | 60.2 7. U2.2 | 3.8
1.0 64.0 | 69.1 4.5 | 4.0
12 632 | 78.1 1070 | 4.2
S 721 | BT.2 : i S0 BT § 4.1
L 4.6 76.6 | 0.3 117.8 1117.2 [120.0 (1228 | 4.6
- 4.8 $0.8 1054 120.8 }125.0 (1333 [13].0 | 4.8
5.0 85.2 {114.7 | 97.8 |122.5 {107.5 125.0 [142.5 [433.0 {147.9 {1394 | 5.0
— | 5.2]n5 . y 4 840.5 1125.0 |103.0 [134.0 ]113.7 133.2 }157.5 |141.0 {163.0 [147.0 | 5.2
F 5.4 NOLR . 3 ! 6| 93.9 11363 [108.3 1460 [120.0 1406 |172.6 {1400 [178.5 {1565 | 5.4
5611121 . ; . 001 983 |15 {1135 1500 {126.2 P81 [187.0 {1571 1oes 1632 | 5.6
5.8 1207 § b2.4 (132, . b [102.7 |13t {118.8 {172.0 1325 155.6 |202.7 [165.2 [201.0 173.09 ] 5.8

N

I
L— | COjl2ug 1670 [171.3 [124.1 J185.2 11388 1463.3 2102 {173.5 [228.3 [1K2.6 | 6.0
- 21358 1105 PRI 12us [1ma 11300 171.0 [236.0 11818 [245.8 {tuid | 6.2
L4118 G0 (1980 B340 [213.0 {1504 178.8 1251.0 [190.2 [263.8 [200.2 | 6.4t
6.0.1158.2 12005 1212.2 1103 IS6H (270D 18T 12828 2000 | 6t
G.8{148.4 125.0 {2264 15T 1945 2420 j207.2 (305 [215.0 | G.8)
THHTRE [ 76,7 N3 [106.0 1217.0 (1204 Tht.l T 2025 I 7.0
7o l18uk o7 LS 205 [ 156 6 2105 G 7.2
T | k1A Hae e s 11 T
Taepr2a | Rys 1165 J20 1120 12890 167 6 [hG [IXG ! T4
Bri.L 120.0 1E7.4 BRYLS 7301 {304 150 13500 262 [BSl .5
152.0 122 NTR6 J352  j202.4 (379 235 MO 8.0
GGG i e 3T f2ose Moo 12310 [ 82
612 Jtax {I18e7 o2 j2rsg [aee 2885 155 84
1638 377 13 22l [4s 26600 iso R4
1704 395 2004 M3+ 2284 470 [253.5 {505 8.8
001302 1005 332 (1400 367 |1T5.0 Mi6 2066 456 [235.0 [HO5  1261.0 (330 325 | 8.0
D2[I6 02 IS [1RA 3% JiTun 13T 2124 MTY (2306 [520 gl 335 ] o2
— | 94330 [105.1 35 IR0 [{02 {1812 (158 [2(R.2 1503 (2482 {545 345 G4
“ 035 D077 BT HGLA 422 [1I8Ss [isn 2240 [527 13348 |70 355 | 9.6,
LRI360 B0l QuT pos0 (443 [1934 B 2R (551 (2614 506 91, : 365 08!
mu‘::s 1125 414 [15R.7 1166 1061 525 [236.1 |575  [268.2 629 200 [GG @36 L1 f35) (750|375 [10.0°
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U SHAPE WITE TANGENTS f— = 2
N 2
[._
. o - . 1
}___—4 Reacting Foree Fombe-c-2
f %
i .. Ip
£ Reacting Foree Fy=k, ¢ =5
. Y Fy Rt v v L2
) ’ L L D
- -~ i Aaximum Bending Stress sp =k, - ¢ - =
. Fz , { FX L
L
f’_ i | Ip In inches* L in feet D in inches
L
|
; ’1:—. 2 4 5 8 10 S
[ a
1
| £ & Il I o A
! .
j1ol zsioosl BT 2% v | wvu| 28| r4f 07| 28] .5 wuf 30 1.6] i11.4] 1.0
i 1.2 4l o7 s | 530 el s 500 1.87 146 5.1 200 135] 55| 2.1 welie
oDl Geq o] ey so| 2t i) Ted 22| s s2| 28| | K2f 26 200 11
4 §4 ] L2 175 08 2.6 77| 102 2.7 2o el 20 4R 1ol 3.0 258 1.6
. . -9 10.4 1.5 20 .4 3.6 3.1 20 .4 129 3.1 20,2 3.6 3.4 .5 .0 3.5 30.6 | 1.8
L’ l'z ol Raj 17 6.5 ] 4.6 5.6 3.6 31,51 163 3.8 8.2 4.0 35.5[ 2.0
a2l o] 2.0 ] aa wWoa | Laf At 20 4.2 o 45 Aigige
e romT 23 : 210 ] a3 P E I IO A V- BT BN T B B R AR ! Talage o
D S I B T S T S ] R.G 1 e s ] 2ol a0 a0 S BT R
Poodos b ovin ] sof wes | azo| da ol s | st sio| 56| e G| orol2s
i BN 0.0 4.3 RS Wil 3 40T h.9 H7.0 LR 6L oG 4.5 | 6.5 G7.01 3.0
Sl ansdl 87 T dre| A7 ] eal 28] 4r0f 6.5) 680 a0l 6w 74.0]( 3.2
coqadl T a0 v ated 62 0| 68| sa0] Axn| .08 0| seof Fal 0|34
PG e L] 4 s B30 66 GHOf T3 740 a0 790 o8s30 Tlo| 781 ssolsg
“law]| a1 s| a5 ol 7.1 720 780 s0.0] 760! Ty | ol s1.0) 8.3 w0l 3k
40| 580 52 580 el 7.5 710 80! 82 8.0 ST.0] 84| mM0 u2 0 f 835|103 3.0
e 42| i 55| w2 Tro| R0l veo] wo | &5 w20 wso| 59wy 105 W31t 4.2
Pl T2l o 6an| 8.0 S s00 | 0 vt 90| 1o 04115 s 981120 |44
s of4.6] tou) w3) eve| esod 880 Rio|n 9.5 105 120 0.8 | 122 132 10,3 | 125 1,6
=48] ssul oeor | 20l s w0 | 8o | L2 8.9 111 138 1 30.3 (180 | B 10.5 | 137 ( 3.8
50 sro| fol Foaf 13 n6 ] aro |1z 10,4 | 116 147 10.8 | 138 1m0 | 11.3 | 146 5.0
5.2 108 7l s M 10001 v f1as 0.9 122 158 1.3 | 16 172 117l ie | se
i 540112 THO8I0 135 0.5 101 158 .31 128 174 107 | 1A 188 1211168 | 5.4
" 5.0 ] 12 S| BRSO LG 0.9 | S 72 1187 134 189 i12.2 | 2 200 12.6 | 171 5.6
a8 | 131 .7 v20 157 1.4 13 185 12.3 | 140 204 12,6 (170 1223 13,0 | 180 5.8
i [ 0.0 ] 140 w2y w60 | 68 1L&| 118 11 12.7 | 146 224 W1 am | 292 13.5 | 188 6.0
L 150 oAl meop ! 180 12.3 | 123 216 13.2 [ 153 241 13.6 1186 | 261 14.0 | 148 6.2
. 161 ITIER 143 1271127 {2z 13.6 | 160 258 Mo m3 |23 4.5 | 203 6.4
6.6 ) 171 10.3 | 107 206 1307182 248 14,1 166 275 14.5 | 20) 306 | 15.0 (218 6.6
6.8 182 16.7 | 10 | 220 13.6 | 137 21 14.5 1173 202 | 130|208 | 32w 15.5 | 228 6.8
gl .0 02 DRI P 234 4.0 12 14.9 | 1801 310 15.5 | 214 6.0 ] 238 7.0
Vopre | 2o nabnr |2 TR 150 | 186 o 15,0 ]z 1] et T2
Rl U TN ] 261 K| e 1581 MK 6.0 | 2 16,8 | 2% e
Tohp s I TS T R B TN NI w67 .7 | 2w 17.2 | 205 7.6
RPN B 290 127 0 1es 21 156 iz 1G.6 | 21 380 17 P H 7.7 | 2741 7.8
‘s | 252 1312 | me TP T I (o 17,1 211 ans 17.5 | 251 176 15.2 | 2 5.0
52| 206 R I H T e Wt ] 172 | Hox 17.5 | 217 130 170 | e | non 18,6 ¢ 2u3 8.2
- | B4 2N (3.0t i I8 17.0 | 176 120 18,0 ] 224 458 18,4 268 530 19,0 ) 303 8.4
|56 ] 20 1430 ny | 3 175 | = 412 18.4 | 231 470 18.0 1277 | a6 1.5 | 313 B.G
LA Hor T | use 18.0 | 186 | 465 18,9 | 237 503 1wv.3]2s6 392 |20.0] 324 8.5
9.0 | 321 5.2 1150 | 4m 18471 457 10,4 | 244 531 ms |2 |6 20.6 | 335 9.0
0.2 | 339 5.6 156 | a1 1.8 ] 16 | 52 1.7 | 231 560 20,2301 6iT | 21.0 1345 9.2
R ) 1.0 5o 110 .2 120 T .1 | 257 HES 2.7 | 312 ! Gisn 214 | I 9.4
e | 371 164 165 | 400 1.6 | 205 | 562 [ 20.5 ] 2id Gls P2t 13w T2 28| 864 9.6
= 9.5 387 IG.8 ; it IR0 20.0 | 210 5T 20.4 | &7 (1] 206 3% 1T 2.2 |37 0.8
oo 403 | 73! 175 Js00 (2047215 g3 21.3 | 277 675 | 220 | 33 - | 76T 227 | 384 |10.0
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U SIIAPE WITH SINGLE TANGENT
—

y - " ) IP

Reaeling Yoree Fo=lp 0=

L«

Fy
h N " 1

Reacling Ioree Fy=1l,r- ol

‘rJ-

F > - Ty : . D

* [ . | Maximum Bending Stress s = /iy, - ¢ - i

I 1 Ip in inches? L in fect D in inches
Fy
I .

L_, 1.5 ' 2 3 4 L
o
Ll , ks k. I b k, k, ks k| ok o3
1.0 2.63 0.75 10.5 2.8 1.1 11.3 3.3 2.3 12.5 3.6 2,7 13.0 { 1.0
1.2 4.0 1.27 13.0 4.8 2.2% 15 G 3.5 16.3 6.0 3.4 15.4 | 1.2
1.4 6.0 170 1.5 T 315 20 9 4.8 24.1 9.0 5.1 23.8 | 1.4
1.6 8.0 2.3 21.0 9 4.0 25 12 6.0 30 12.0 6.3 202 116
.8 11.0 2.8 28.6 12 4.9 30 16 7.2 | 86 16.5 7.5 34.6 | 1.8
2.0 1.5 3.4 3.6 16 58 KE 20 R4 A2 21.3 8.8 A0 2.0
2.9 I8 £.2 30 20 7.1 At 25 1.0 A4 28 0.5 A5 2.2
2.4 o 5.0 A 21 K.l au K} 1.5 i 3 12,1 b5 2.4
2.6 2 HRY) x| W LN A% Hid 1.0 4] A 1.8 G2 2.6
2R a2 G.¥ {it) A7 1.0 {8 4 1.5 70 e 15,5 Lt 2.5
3.0 un 7.7 (th 15 i ] 16 b o 17.2 7T HN]
1y 45 KR 71 i n2 w2 (14 18 87 (it 1.0 8h 3.2
3.4 1 al 0.4 81 1] Hit 71 20 HH hit] 21.0 w3 3.4
3.0 av 1.n §4 70 B 9] n 105 i 23.0 101 3.0
3.8 v 2.0 Ya 50 10 th 24 14 103 246 110 3.8
4.0 135 108 H 21 120 108 26 124 117 26,5 118 4.0
4.2 | Aw ial s 02 2 130 121 24 1334 131 20 127 4.2
PR 16,5 128 1 25 10 145 30 14 147 31 136 4.4
4.6 ] 11 18.0 138 128 27 151 150 33 154 164 33 145 1.6
4.8 | 124 mn 118 142 24 e 167 35 164 181 35 154 4.8
5.0 | 130 21.8 130 150 31 17 185 37 174 148 37 163 5.0
5.2 | 152 25,1 {5l 71 33 185 203 39 183 218 30 173 5.2
5.4 1 165 214 17 188 kit sy 2 41 193 238 41 182 5.4
5.6 | 179 5.7 1R 2000 38 200 240 43 203 234 43 192 2.0
5.8 1143 70 1 205 a0 21 260 45 213 250 40 201 5.8
G.0 | 200 28.5 200 214 13 203 250 47 223 302 e 211 6.0
6,2 | 225 .2 220 g 15 26 Kiii a0 2306 g4 51 220 .2
B B 3 R 231 283 48 254 330 a3 244 3y 52 .22 G.4
G261 3.6 242 s M 2 a5d b 202 371 541 238 6.6
| 6.8 | 251 35.4 253 320 ] 245 380 54 275 3uy 56 247 6.8
7.0 am ar.a 200 355 a5 200 14 62 286 125 58 257 7.0
2 I L) % a8 a8 HEK] 435 [ ) 2 45 i1 207 7.2
T4 s 4 281 i i) kY el i a1l A8 ol 25 Tl
P R H (K] BT 40 (1] Blik] i HeAl S0 iin 287 7.6
T | oosT RN ETES ) it 53 ™ EXY nil (] @7 7R
TR0 R w2 Ay 20 370 B h 347 A7 n $os 4.0
5.2 o NI T 520 i 3y 487 7N 350 Gl T a8 R.2
Ko oAGs a2 355 550 ot $00G 621 KD A7) (B 75 3un 8.4
8.6 m7 o H ] 4N T At Gali X3 453 (iry] I 341 8.0
§.B | 5 " 38 G10 T 422 il :6] s T 50 a0 5.8
0.0} 555 e 398 ]2 135 720 83 1o Tan - an) 9.0
| w2 as6 e 410 = 451 65 91 i 471 788 5 5l 4.2
M B 0} f %) 421 BS 468 B ] [ 434 826 7 3sl .4
UG | G () 440 u2 445 &5 i 417 S 80 3m 9.0
“.R 1 GS] LT 455 05 a02 835 100 dii} Y02 o2 101 0.8
0.0} 71 0 170 37 K 522 925 103 476 4940 ud 41l 10.0
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U SHAPE UNEQUAL LEGS

~¢———Fy 7
Reucting Fource Foml,eo =
Cil & x z* & L2
. Ip
F Reaeting Force Fy=l,-c-=
Y . L
. . D
Maximum Bending Stress sy = k- ¢ -I—
. \ Ip in inches’ L m fect, D in inches
4 1
Fy
[ E n
e 113 3 4 —
i iy s e Ay
L I
7 ks i, b k, k, ke k by ks k, k, b .
A
0.2 007 | 0.6 1.5 0.2y 1.8 7 | 0.3 3.4 11 0.69 | 4.6 14 {02
0.1 0.6 0.7 3.0 075 2.0 g 1.4 3.5 13 1.5 4.8 16 (04
0.6 1.13 0.8 5.8 1.9 2.2 1t 2.7 3.8 15 3.2 5.0 18 0.6
lps 2.4 0.y u.5 3.6 2.3 15 4.8 4. 20 5.7 5.5 23 { 0.8
| n 4.3 1.2 16 6.2 3.0 21 8 4.9 20 ] 6.0 20 [ 1.0
2 6 1.4 21 8 3.6 24 10 5.7 34 12 7.0 38 1.2
1.4 9 H 28 11 4.2 3u 15 i.5 43 18 8.0 49§ 1.4
1.6 13 1.4 34 18 IS 50 it 7.3 50 26 u.0 62 1.6
1.8 19 2.1 45 27 5.4 (i2 32 8.1 T 35 1.0 70 1.8
2.0 7 .3 58 ar 6.0 75 44 .0 88 47 i1.0 92 12.0
2.2 35 2.4 Gk 45 i 6 1 57 10.0 104 [fi4] 12.0 1106 2.2
2.4 4 2y sn G0 7.3 1%} 7l 11.0 121 75 13.0 120 2.4
i a2 o [ik3 7 5.0 123 n 12.5 10 ] 14.5 10 120
2.8 (5] 3.5 s HII HA 142 05 14.5 162 R i 171 [ 2.8
3.0 51 3.8 121 1] .0 162 U 15 185 135 i w3 | 3.0
3.2 w 4.1 112 130 L IS 151 1 2{K) 160 1 218 1.2
3.4 11R 14 1 152 1.4 Lix 178 17 23 154 n 2 b 3.4
b 18 4K 180 17% 12 RN 20 14 250 R0} bl o5 3.6
3.8 160 LY 20( 2006 K] ard 216 2 o858 251 put! 30t ;3.8
4.0 184 LT ey 24 14 i) 28 3] IR jeal ¥4 2) 331 | 4.0
4.2 | o (] 20 o] i5 auT E3H a3 R 32 26 a2 (4.2
441 23 () UGG 310 T 35 361 24 280 38 28 36 [ 4.4
6] 27 6.9 248 351 17 365 410 25 414 428 > 432 | 4.6
4.8 1 303 7.3 311 39S 18 K 441 20 450 481 3 4ii9 | 4.8
5.0 206 T 331 445 4] 428 512 tis 4RE 557 32 5006 ) 5.0
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- U SHAPE—EQUAL LEGS
L
i ke ha
T 0.2 0377 06T
] 0.3 0. 1165 1.308
04 0.256 2.232 G
0.5 0. 469 3.370
T 0.6 0,765 4.580
I 0.7 1.1491 G.430
‘ 0.8 1.68 8.110 h
0.4 2.38 10.39
- 1.0 3.00 12.00
t 1.2 4.88 16.74
04 7.87 22.26 Fy = —~-—Fy
L 10.55 2850 L
1.4 14,48 35.52
- .
| 2.0 19.2 43.20
' 2.2 24.0 562.32
2.4 3l.4 60.72 t
2.0 an.e 70.56
. 2.8 45.0 BL.24 7
3 3.0 57.5 92 64 Reacting Foree Feo=k;-c- L—’; I
3.2 Y.L 04,5 5
3.4 82.2 118.2
i 3.6 5.0 1.:30_8 D
o 8.5 111.0 135.4 Maximum Bending Stress  sg = ki - ¢ - T psi
1.0 1281 1604 ’
4. H37.0 1761
T g T 2.0 i el i e T Rrvel o
e T K Ip i mehex Lo leel I3 inainehes
4K 2130 PP
a0 2310 2160
i 5.2 206.0 20:4.0
U SHAPL —MODIFIED
' I————-——I’ L
Ip
PO AITY O P =~
. e eacting Torce Fe=iz-c T
L . IP
N -—F Reacting Force Fo=ky-c- 7z
! . _ D
. Maxinwm Bending Stress sp = Ly - ¢ - z
Fy i
1 L P Pl . T
i Ip iu inches L in feet D in inches
T L
L_ ] : . | ..
H 13 1.5 2 3 Direc-
i — tion
L ol Fur
i |k ky ke &, k, k ks ky ks k, &, ke Foree
{ . S
b2gz | 0.5 1045 283 ! 0.5 10.50 9.82 1,41 1.2 | 3.3 21 12.6 1
-1z 33 | v 1.1 3.38 1.01 1445 3.6y 1.85 6.5 | 4.37 | 2.7 17.6
L5 | st | p2e 38 e | 515 135 412 | 08 | 1833 | 45 | 042 | 148
ER BT RN L I Y 550 {260 | 17 2 530 | 244 Wl | 56 24 | 17.3 1
30 vy 470 | 222 7.10 170 215 708 4.5 21.3 T3 4.50 | 22.0
~6 !owdg ! TR0 | 2857 93 | v, 8.2 9.40 7 BT 28.2 9.4 TG ! 2\.2 N
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. TWO PLANE U
e
. Iy
leacting Poree Fo=l-c: v Ib
B : : Do
Bending Stress sp= k- 7 psi
*a o N
Torsional Stress 8 = koo psit
17
— Ip i inches” L in feel. /) in inches
Where no value Tor £, s Bsled the forsional stress s
: negligibie (see page 4.
'_:’ Tor method of combining stress see page 5.
Nore: Letters indicale loeation of maximum conbined stross.
i
.
i
Lk
VL . L
CS 0.25 0,50 1 2 3 4 I
L i, ks by IN ks [ by k. I &y ke ka ke k, ke ke "{“
v C A A A A A A A A
0.010 | 0.55 | 0103} 1.42 | 0.70 1 $ .43 | .75 1.51 7.0 0,75 2,05 9.1 0.63 2.26] v.8 0.8 I
v € A A A A
0.050 |0 G2 027 {175 12413 3t 11.2:3.0 7,63 24.8 e
h B n A A A
0.035 0671031 [ 1un| a3 |4 75 1.3 |49 | 128 334 3
1 n n A A A
Goak nTT oA {2 TS I R [T 36.7 4
b 1l n H it A
0.060 | 0.76 ]0.36 P 2.u2 | LRG| 63 iR 200 3.2 5
_ ] n n n n R D
[ asll 006 | 0TRIDAT [ 20 b.m | 6t 455 17.6 2] 284 0.0 | 41.0 G
- " n " " n n
: o O R DK [ 2R 2o Toan ne .3 2.5 1 32.0 NN ) 7
n i} n n b R
& G OR35S 0.81 j0 3y | 2.3 210647 80 R 1 21.0 2 51 35.4 40001 514 B
e n » n ‘ n ] B
— 9 0.064 [ 0.825: 0,396 2.09 | 2,221 .10 11.4 .2 280§ 37.6 £2.4 | 56.0 b2}
Jdon n n | R B B
LO 1 0.0647 0.8+ 20 0 [234]2.28 ;840 (11 8 23.4 20.5140.6 55.6 } 80.3 10
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TWO PLANE U—WITH TANGENTS
r
L. . Ip
Heneting Force  Fy =l -¢- }i, psi
. . D
i Bembing Slress sy = by 00 =
L
T : n
Torsional Stress s = Ly -¢- = psi
b
Ip in inches? L in fect D in inches
Where no value for L, is listed the torsional stress is
negligibie (see page 4). )
For method of combining stress sce puge 5
N Note: Letters indiente luealion of maximum combined stress,
{- lijan =2 .
g 5 P + a
,_,[3— 0.25 0.5 1 2 3 4 -2
N | I [ L
s Iy ka ke k. kn k. by I I Iy L &y &y ky £y ks ks k, ;—
i i
b v |- b v n B A A A
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. TW(O PLANE U—WITH TANGENTS
. I
teacting Toree F, = k. -¢- j—‘r_, b
- ! .
: Bending Stress sy = by - I psi
L n o
. Tursional Stress s = ly-c = psi
. o,
I'p in inches' L in feet D in inches
. Where no value for k; is listed the torsional stress is
negligible (sec page 4).
For melhod of combining stress see page 5.
Note: Letters indieate Jocation of maximum ecombined stress.
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THREE DIMENSIONAL 90° TURKNS
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combining stresses -
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THREE DIMENSIONAL 90° TURNS
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A = Mean Coefficient of Thermal Expansion X 10 (In./In./F) }iu Going from 70 F to Tndicated Temperature

# = Linear Thermal Expansion (In./100 Ft}
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