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A Study on the Strength Analyses of T-Branch Pipes
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ABSTRACT

In this study, we determined TBP(T-branched pipe) would be available in Fire Safety Codes with

strength analyses. A common FEM Program(ABAQUS) was used as analyses method, and the anal-
yses results were confirmed by strength tests of the T-branch pipe. As a result, we concluded that the
T-branch pipe can be used safely. Further more, we determined what kind of stainless steel pipe can
be used in place of carbon steel pipe(KS D 3507). The stainless steel pipe name is KS D 3576(stain-

less steel pipe) 10S, so they can be applied for piping in fire protection system.
Keywords : TBP(T-Branch Pipe), FEM(Finite Element Method), Strength analysis
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Fig. 1. Diagram of T-Branch pipe.

Table 2. Positional dimension of T-Branch pipes (unit: mm)
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Table 1. KS D 3507 and 3576 material properties used as

input data
Standards of pipes

KS D 3576

Material KS D 3507 10S
properties of pipes

Yield strength 363.6 N/mm? | 205 N/mm’
Tensile strength 4275 N/mm?* | 739 N/mm?
Breaking strength 389.7 N/mm® -
Elongation percentage 0.206 0.5
Modulus of elasticity 179,400 N/mm?| 90,900 N/mm?
Poisson’s ratio 0.29 029

T2=R1=R3=0

\

T3=R1=R2=0— ...

T1=R2=R3=0

- T3=R1=R2=0

Fig. 2. Boundary conditions of KS D 3507 and KS D 3576

10S.

Dimensions Branched direction 45° direction Axial direction
Sizes divs | s [Thickness| 5t | RS [ickaess| T | e [hickness

32AX25A| 1444 | 17.36 2.92 1443 | 17.05 2.62 1448 | 1825 377
40AX25A| 1443 | 17.38 2.95 1445 | 17.18 2.73 1447 | 18.14 3.67
KS D [40AX32A| 18.88 | 2155 2.67 1867 | 2133 2.66 1901 | 2284 3.83
3507 |s0ax25A| 1399 | 1727 3.28 1397 | 1724 327 1389 | 1844 4.55
S0AX32A| 1836 | 21.41 3.28 1852 | 21.66 3.14 1870 | 2294 424
SOAX40A| 2130 | 2472 3.42 2140 | 24.50 3.10 21.6 25.44 3.84
32AX25A| 1502 | 17.49 2.47 1508 | 17.53 245 1529 | 18.70 3.41
40AX25A| 1490 | 1746 2.56 1503 | 17.55 2.52 15.21 18.61 3.40
KS D |40AX32A| 1905 | 21.56 2.51 1913 | 21.64 2.51 19.67 | 22.97 3.30
3576 |soax2sA| 1473 | 17.35 2.62 1487 | 17.54 267 1519 | 18.62 343
S0AX32A| 1925 | 21.85 2.6 1940 | 2191 2.51 19.80 | 23.18 3.38
S0AX40A| 22.19 | 2475 2.56 2229 | 2478 2.49 262 | 2559 297
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Table 3. Stress analyzed results of T-Branch pipes (units:
N/mm?)

Dimensions { Yield [Maximum [Ratio (%)

strength| stress (M.S/ | Position

Sizes N/mm?)| (NV/mm?) | Y.S)

32AX25A| 3588 174 485

40AX 25A| 358.8 191 532

KS D [40AXx32A[ 3588 | 215 59.9

3507 |soax25A] 3588 | 196 | 546
50AX32A| 3588 | 237 66.1 |Inside edge
SOAX40A| 3588 | 222 619 | of axial
direction at
32ax25A| 3636 | 226 621 | po hed

10Ax25A] 3636 | 246 | 677 part
KS D 40Ax324] 3636 | 260 | 715
3576 [s0ax25A| 3636 | 298 | 820
soax324l 3636 | 328 | 902
50Ax40A| 3636 | 314 | 864

-
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Fig. 3. Stress analyzed result of T-Branch pipe (KS D
3507-32AX25A).
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Fig. 4. Stress analyzed result of T-Branch pipe (KS D 3576
10S-32AX25A).

Fig. 5. Stress analyzed result of T-Branch pipe (KS D
3507-40AX 25A).

Fig. 6. Stress analyzed result of T-Branch pipe (KS D 3576
10S-40AX 25A).
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Fig. 7. Stress analyzed result of T-Branch pipe (KS D Fig. 11. Stress analyzed result of T-Branch pipe (KS D
3507-40AX 32A). 3507-50AX 32A).

Fig. 8. Stress analyzed result of T-Branch pipe (XS D 3576 Fig. 12. Stress analyzed result of T-Branch Pipe(KS D
10S-40AX 32A). 3576 10S-50AX 32A).

.

Fig. 9. Stress analyzed result of T-Branch pipe (KS D Fig. 13. Stress analyzed result of T-Branch Pipe(KS D
3507-50AX 25A). 3507-50AX 40A).

Fig. 10. Stress analyzed result of T-Branch pipe (KS D Fig. 14. Stress analyzed result of T-Branch Pipe(KS D
3576 10S-50AX25A). 3576 10S-50AX40A).
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®D : Qutside diameter of main pipe
@d : Qutside diameter of branched pipe
@dx : Qutside di ter of branched plpe at x~axis
®dy : Qutside diameter of branched pipe at y-axis
t : Thickness of branched pipe
h: Height of branched pipe

Fig. 15, Notations of T-Branch pipes.
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Fig. 16. Body strength test of T-Branch pipe (example).
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Fig. 17. Outcome of experiment (KS D 3507).
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Fig. 18. Outcome of experiment (KS D 3576).
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Table 4. Maximum allowable pressure of T-Branch pipes

Sizes (mainX branched)
32AX25A | 40AX25A | 40AX32A | 50AX25A | 50AX32A | S0AX40A

Allowable of pipes
D,, (mm) 427 48.6 48.6 60.5 60.5 60.5
D, (mm) 34 34 427 34 42.7 48.6
Ty (mm) 3.25 325 325 3.65 3.65 3.65

KS D 3507 T, (mm) 24 24 24 24 24 29
p: (kPa) 3,541 3,132 2,966 2,853 2,702 2,738
p2 (kPa) 5,541 4,868 4,868 4392 4,392 4,392
ps (kPa) 5,138 5,138 4,091 5,138 4,091 4,344
Dy, (mm) 427 48.6 48.6 60.5 60.5 60.5
Dy (mm) 34 34 42.7 34 427 48.6
T, (mm) 2.8 2.8 28 28 28 238

KS ?OS?, 376 T, (mm) 22 22 22 22 22 22
p; (kPa) 2,984 2,640 2,508 2,141 2,035 1,984
p, (kPa) 4,773 4,194 4,194 3,369 3,369 3,369
ps (kPa) 4,710 4,710 3,750 4,710 3,750 3,295
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Table 5. Thickness and height of T-Branch pipes (unit: mm)

KS D 3507 KS D 3576 108
Sizes | Minimum | Minimum | Minimum | Minimum
(DX d) (thickness of | height of [thickness of | height of
branched(t) |branched(h)| branched(t) [branched(h)
32X25 2.4 1.0 2.2 1.0
40X 25 24 12 22 1.2
40X 32 24 12 2.2 1.2
50X25 2.4 1.5 2.2 1.5
50X32 24 15 22 1.5
50X 40 2.4 2.0 2.2 2.0
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