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ABSTRACT

In the present study, a Cook Book method and a Static System Analysis method were compared with each other on the
basis of a seismic design criteria of fire-fighting facilities and analyzed. The Cook Book method is analyzed by dividing
a pipeline in each same section. In this method, a stress analysis is not possible except for the section analyzed in such
a way that a brace is designed according to the weight of pipe, water and pipe fitting. To the contrary, in case of the Static
System Analysis method, the stress analysis for the whole pipeline can be performed because the whole pipeline is regarded
as a single structure. For the fatal stress values locally generated, it is necessary to actively perform a pipeline analysis
by installing a device capable of locally relieving the stress of the pipeline. In Korea, only the Cook Book method is
provided as the seismic design criteria of fire-fighting facilities, which causes many problems with diversification of seismic
design. Thus, it is necessary to apply the seismic design method of the pipeline by using various kinds of engineered Static
System Analysis methods.
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Figure 1. Illustration of a seismic time history acceleration.”
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Figure 2. In-Structure seismic response spectra.m
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RP=T / r*
=- loge (Nep)r1+050)
RP = return period
r = exceedance probability = 1-NEP
NEP = non-exceedance probability

- equation (1)®

T = exposure period, years
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Figure 3. Typical location of bracing on a tree system.”

Table 1. Piping Weights for Determining Horizontal Load®”
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(12 m)

>|=<

Y
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(12 m) > )

Four-way brace

v

)

Nominal Dimentions

Weight of Water-Filled Pipe

in mm b/t kg/m
Schedule 40 Pipe
1 25 2.05 3.05
1 14 32 2.93 4.36
112 40 3.61 5.37
2 50 5.13 7.63
212 65 7.89 11.74
3 80 10.82 16.10
312 90 13.48 20.06
4 100 16.40 24.41
5 125 23.47 34.93
6 150 31.69 47.16
8 200 47.40 70.99
Schedule 10 Pipe
1 25 1.81 2.69
1 14 32 252 3.75
112 40 3.04 4.52
2 50 422 6.28
212 65 5.89 8.77
3 80 7.94 11.82
312 90 9.78 14.55
4 100 11.78 17.53
5 125 17.30 25.75
6 150 23.03 34.27
8 200 40.08 59.65
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Figure 4. Seismic piping design flowchart.
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Figure 5. Isometric diagram for seismic analysis.

Table 2. Damage for Modified Mercalli Intensity Scale and Maximum Acceleration®

MMI Maximum
Description/D:
Value | Acceleration escriptionamage
I Not felt except by very few under especially favorable conditions.
11 Felt only by a few people at rest, especially on upper floors of buildings.
Felt quite noticeably by people indoors, especially on upper floors of buildings. Many people do not
I recognize it as an earthquake. Standing motor cars may rock slightly. Vibrations similar to the passing of
a truck. Duration estimated.
Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, windows, doors
v 0.015~0.02 | disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing motor cars
rocked noticeably.
Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned.
v 0.03~0.04
Pendulum clocks may stop.
VI 0.06~0.07 | Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. Damage slight.
VI 0.10~0.15 Damage negligible in buildings of good design and construction; slight to moderate in well-built ordinary
’ ’ structures; considerable damage in poorly built or badly designed structures; some chimneys broken.
Damage slight in specially designed structures; considerable damage in ordinary substantial buildings with
VIII 0.25~0.30 | partial collapse. Damage great in poorly built structures. Fall of chimneys, factory stacks, columns,
monuments, walls. Heavy furniture overturned.
X 0.50~0.55 Damage considerable in specially designed structures; well-designed frame structures thrown out of plumb.
’ ) Damage great in substantial buildings, with partial collapse. Buildings shifted off foundations. Liquefaction.
Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
X 0.60 over . .
foundations. Rails bent.
Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissures in ground.
X1 Underground pipe lines completely out of service. Earth slumps and land slips in soft ground. Rails bent
greatly.
Il Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown upward
into the air.
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Table 3. Listing of Static Load Cases for this Analysis
Number | Analysis of Condition Case Load Case Number | Analysis of Condition Case Load Case
1 HYD LI=WW-+HP 20 ocCC L20=L8-L2
2 OPE L2=W+T1+P1 21 ocCC L21=19-L.2
3 OPE L3=W+T1+P1+U1+U2 22 ocCcC L22=L.10-L2
4 OPE L4=W+T1+P1-U1-U2 23 OCC L23=L14+L15
5 OPE L5=W+T1+P1+U1-U2 24 OoCC L24=L14+L16
6 OPE L6=W+T1+P1-U1+U2 25 OoCC L25=L14+L17
7 OPE L7=W+T1+P1+U2+U3 26 OCC L26=L14+L18
8 OPE L8=W+T1+P1-U2-U3 27 OoCC L27=L14+L19
9 OPE L9=W+T1+P1+U2-U3 28 OCC L28=L14+L20
10 OPE L10=W+T1+P1-U2+U3 29 OCC L29=1L.14+L21
11 OPE L11=W+T1+P1+U1+U3 30 OoCC L30=L14+L22
12 OPE L12=W+T1+P1-U1-U3 31 OCC L31=L11-L2
13 OPE L13=W+T1+P1+U1-U3 32 ocCcC L32=L12-L2
14 Sus L14=W+P1 33 ocCC L33=L13-L2
15 0oCC L15=L3-L2 34 ocCC L34=L14+L31
16 ocCC L16=14-1.2 35 occC L35=L14+1.32
17 ocCC L17=L5-1L.2 36 occC L36=114+1.33
18 ocCC L18=L6-1.2 37 EXP L37=L2-L11
19 OCC L19=L7-L2
note:
HYD: hydraulic pressure test
OPE : analysis assuming operating conditions, SUS : analysis taking into account the influence of weight
EXP : analysis considering the effect of heat, OCC : analysis assuming a state where a short-term load is applied
W1 : weight, T1: temperature, P1: pressure, Ul: X-axis direction, U2 : Y-axis direction, U3 : Z-axis direction
. 3.z W nE
Table 4+= Static System Analysis 412 £3f 250017} 9]
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Table 4. Stress Change of Piping Accompanying Increase of Seismic Acceleration

No XSelsr;l(lc Fact(; Fail Load Load Case Analyzed | Element Nodes | ASME Code Stress (kg/cmz) Allowable Stress (kg/cmz) Percent (%)
1 (OCC)L15=L3-L2 X/Z 1265 7.52 1496.15 7.52
2 (OCC)L18=L6-L2 Y /-Z 2245 150.97 1496.15 10.09
3 (OCC)L19=L7-L2 W+HP+X+Z 2448 272.05 1496.15 18.18
4 (OCC)L21=L9-L2 W+HP+Y-Z 24438 280.15 1496.15 18.72
5 (OCC)L23=L14+L15 WHP+X+Y 1265 1122.61 1496.15 75.03
6 (OCC)L26=L14+L18 WHP-X+Y 1265 1125.1 1496.15 75.20
7 101 |0.1 0.1 (OCC)L27=L14+L19 X/-Z 1265 1125.99 1496.15 75.26
8 (OCC)L29=L14+L21 WAP+X+Z 1265 1126.19 1496.15 75.27
9 (OCC)L34=L14+L31 W+HP+X-Z 1265 1420.16 1496.15 94.90
10 (OCC)L35=L14+L32 X/Y 1265 1396.43 1496.15 93.33
11 (OCC)L36=L14+L33 X/Y 1265 1421.54 1496.15 95.01
12 (OCC)L31=L11-L2 X/Z 2448 270.54 1496.15 18.08
13 (OCC)L31=L12-L2 X/ -Z 2448 276.15 1496.15 18.46
1 (OCC)L15=L3-L2 X/Z 1265 223.8 1496.15 14.96
2 (OCC)L18=L6-L2 Y /-Z 2245 301.94 1496.15 20.18
3 (OCC)L19=L7-L2 WHP+X+Z 2448 410.11 1496.15 27.41
4 (OCC)L21=L9-L2 W+P+Y-Z 2448 280.15 1496.15 18.72
5 (OCC)L23=L14+L15 WAHP+X+Y 1265 1139.16 1496.15 76.14
6 (OCC)L26=L14+L18 WHP-X+Y 1265 1149.66 1496.15 76.84
7 102 |02 0.2 (OCC)L27=L14+L19 X/ -Z 1265 1496.15 1496.15 76.66
8 (OCC)L29=L14+L21 WHP+X+Z 1265 1149.49 1496.15 76.83
9 (OCC)L34=L14+L31 WHP+X-Z 1265 1433.48 1496.15 95.81
10 (OCC)L35=L14+L32 X/Y 1265 134.01 1496.15 91.84
11 (OCC)L36=L14+L33 X/Y 1265 1427.86 1496.15 95.44
12 (OCC)L31=L11-L2 X/Z 2448 410.69 1496.15 27.45
13 (OCC)L31=L12-L2 X/ -Z 2448 415.18 1496.15 27.75
1 (OCC)L15=L3-L2 X/Z 610 57242 1496.15 38.26
2 (OCC)L18=L6-L2 Y/ -Z 610 553.82 1496.15 37.11
3 (OCC)L19=L7-L2 WHP+X+Z 2408 417.23 1496.15 27.89
4 (OCC)L21=L9-L2 WHP+Y-Z 2448 427.25 1496.15 28.56
5 (OCC)L23=L14+L15 WHP+X+Y 1265 114.41 1496.15 77.83
6 (OCC)L26=L14+L18 WHP-X+Y 1265 1196.33 1496.15 79.96
7 103 (03 0.3 (OCC)L27=L14+L19 X/-Z 1265 1182.39 1496.15 79.03
8 (OCC)L29=L14+L.21 WAP+X+Z 1265 1184.74 1496.15 79.19
9 (OCC)L34=L14+L31 WHP+X-Z 1265 1464.14 1496.15 97.86
10 (OCC)L35=L14+L32 X/Y 1265 1368.9 1496.15 91.49
11 (OCC)L36=L14+L33 X/Y 1265 1466.04 1496.15 97.99
12 (OCC)L31=L11-L2 X/Z 820 429.57 1496.15 28.71
13 (OCC)L31=L12-L.2 X/ -Z 2448 422.13 1496.15 28.21
1 (OCC)L15=L3-L2 X/Z 610 1269.77 1496.15 84.87
2 (OCC)L18=L6-L2 Y /-Z 610 1253.87 1496.15 83.81
3 (OCC)L19=L7-L2 WAP+X+Z 738 935.55 1496.15 62.53
4 (OCC)L21=L9-L2 W+P+Y-Z 738 913.06 1496.15 61.03
5 (OCC)L23=L14+L15 WHP+X+Y 610 1314.99 1496.15 87.89
6 (OCC)L26=L14+L18 WHP-X+Y 610 1299.5 1496.15 86.87
7 104 |04 0.4 (OCC)L27=L14+L19 X/ -Z 1265 1227.56 1496.15 82.05
8 (OCC)L29=L14+L21 WAP+X+Z 1265 1228.9 1496.15 82.12
9 (OCC)L34=L14+L31 W+P+X-Z 1265 1472.19 1496.15 98.40
10 (OCC)L35=L14+L32 X/Y 610 1336.35 1496.15 89.32
11 (OCC)L36=L14+L33 X/Y 1265 1478.55 1496.15 98.82
12 (OCC)L31=L11-L2 X/Z 610 1030.85 1496.15 68.90
13 (OCC)L31=L12-L2 X/ -Z 610 1051.69 1496.15 70.29
1 (OCC)L15=L3-L2 X/ Z 610 1855.96 1496.15 124.50
2 (OCC)L18=L6-L2 Y /-Z 610 1839.7 1496.15 122.97
3 (OCC)L19=L7-L2 WHP+X+Z 738 1542.69 1496.15 103.11
4 (OCC)L21=L9-L2 W+P+Y-Z 738 1500.55 1496.15 100.29
S (OCC)L23=L14+L15 WAHP+X+Y 610 1887.3 1496.15 126.14
6 (OCC)L26=L14+L18 WHP-X+Y 610 1871.26 1496.15 125.07
7 105 |05 0.5 (OCC)L27=L14+L19 X/ -Z 738 1570.45 1496.15 104.97
8 (OCC)L29=L14+L21 WAP+X+Z 738 1529.07 1496.15 102.20
9 (OCC)L34=L14+L31 W+HP+X-Z 610 1929.09 1496.15 128.54
10 (OCC)L35=L14+L32 X/Y 610 1937.52 1496.15 129.50
11 (OCC)L36=L14+L33 X/Y 610 1653.16 1496.15 110.49
12 (OCC)L31=L11-L2 X/Z 610 1647.3 1496.15 110.12
13 (OCC)L31=L12-L2 X/ -Z 610 1650.8 1496.15 110.33

itk 0.3 gravityo] A+ 832 element node”} 610 node,
820 node, 1265 node, 2408 node, 2448 nodeol|A] & 22 0|
WrAIS)SITE 1265 node?] 7% fail load L34 AoA 714
& 3ol FAE o 0.1 gravitye} 0.2 gravityo| A 2 &

22 AE|QITE 2245 node 2T} 610 node, 820 node, 2408
nodeof| Al © & 52 o] WA I} 0.4 gravityol A= v
9] element node”} 610 node, 738 node, 1265 nodeol| 4] & <
o] =T o] F 1265 nodeo]| A= 0.3 gravity 3fj4]
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