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ABSTRACT

In this study, we compare the engineering seismic design method considering the physical properties of piping materials
and the specification-oriented design method according to the seismic design standards of fire fighting equipment. In the case
of the seismic design method considering the physical properties of piping materials, the safety of the piping will be analyzed
through the combined value of the torsional stress and the bending stress generated in the piping. However, in the case of
the design-centered design method, instead of the safety of the piping material, it calculates the moving force of the pipe and
interprets whether or not the shaking prevention strut can bear. Fire extinguishing equipment piping is possible through safety
analysis of stress and displacement of piping material because piping safety can not be secured via unstable force generated
in a certain section with one connected structure is there. Therefore, it is necessary to apply analytical method considering
seismic performance of building structure and material properties of piping for seismic design of safe fire extinguishing system
piping.
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Figure 1. Seismic piping design flowchart.
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Table 1. Earthquake Area and Seismic Coefficient”™
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Table 2. Importance and Important Factor
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Importance

Special Grade

1 Grade

2 Grade

3 Grade

Usage and Scale
of Building

1. Storage and Processing Facilities
of Dangerous Goods with a Total
floor Space of 1,000 m” or More
- Government Buildings of the
National or Local Autonomous
Organizations, Foreign
Diplomatic Missions and Fire
Departments, Power Stations and
Broadcasting Stations and Whole
Body Telephone Offices

2. General Hospitals, Hospitals with
Surgical Facilities and
Emergency Facilities

. Storage and Processing

Facilities of Dangerous
Goods with Total Floor
Area Less Than 1,000 m -
Government Buildings of
Government or Local
Autonomous Organizations,
Foreign Diplomatic missions,
Fire Department and Power
Station, Broadcasting Station
and Whole Body Telephone
Office

. Venues and Meeting Places

and Galleries with Total
Floor Space of 5,000 m’ or
More, Exhibition Halls,
Exercise Facilities, Sales
Facilities, Transportation
Facilities (Excluding Cargo
Terminals and Collection
and Delivery Facilities)

. Child-related Facility -

Elderly Welfare Facility -
Social Welfare Facility
Work Welfare Facility

. Accommodation Facility of

5th Floor or Above - Office
Building and Dormitory and
Apartment

. school
. Hospitals That do not have

Both Surgical Facilities and
Emergency Facilities, and
Other Buildings That do not
Fall Under Importance
(Special) as Medical
Facilities with a Total Floor
Space of 1,000 m’ or More

1. Buildings
That do not
Fall Under
Importance
(Special),
M, G

1. Agricultural
Facility, Small
Scale ware
House

2. Hypothetical
Structure

Important Factor 1.5

1.2

1.0

1.0

Table 3. Modified Mercalli Intensity Scale and Maximum
Acceleration®

Maximum Acceleration

MMI Value

0.002

or more and less than 0.004

0.004

or more and less than 0.008

0.008

or more and less than 0.017

0.017

or more and less than 0.033

0.033

or more and less than 0.066

0.066

or more and less than 0.133

0.133

or more and less than 0.264

0.264

or more and less than 0.528

0.528

or more and less than 1.050

1.050

or more and less than 2.100

2.100

or more and less than 4.191

4.191 or more
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Figure 32 Table 494 Ul (X-axis direction)=, U2
(Y-axis direction)Z “12]1l U3 (Z-axis direction)=2] #3& 7}
& ke, Zof wel o} zlo] QleElo] 75 g W
217} 4] =t} Load case 15, Load case 16, Load case 17,
Load case 1894+ Ul (X-axis direction)=1} U2 (Y-axis
direction)= 0 & Y == xu7tEEE Load case 19, Load
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direction)Z3} U3 (Z-axis direction)= S &2 Z8Ys}= X|Hlr}<:
T ZE Load case31, Load case 32, Load case 33°]|A= Ul
(X-axis direction)Z1} U3 (Z-axis direction)& 02 AP &=
AMIEES 193 515 242 NStk 20 Ul
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Table 4. Listing of Static Load Cases for this Analysis”

Number C(:;?:i}:: c(;Ze Load case Number C;?;?ii):: sze Load case
1 HYD LI=WW+HP 20 oCcC L20-L8-L2
2 OPE L2=W+TI1+P1 21 OCC L21=L9-L2
3 OPE L3=W+T1+P1+U1+U2 22 oCC L22=L.10-L2
4 OPE L4=W+T1+P1-U1-U2 23 oCcC L23=L14+L15
5 OPE L5=W+T1+P1+U1-U2 24 oCC L24=L14+L16
6 OPE L6=W+T1+P1-U1+U2 25 ocCcC L25=L14+L17
7 OPE L7=W+T1+P1+U2+U3 26 oCcC L26=L14+L18
8 OPE L8=W+T1+P1-U2-U3 27 ocCcC L27=L14+L19
9 OPE L9=W+T1+P1+U2-U3 28 ocC L28=L14+1.20
10 OPE L10=W+T1+P1-U2+U3 29 ocCcC L29=L14+1.21
11 OPE L11=W+T1+P1+U1+U3 30 oCcC 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 oCcC L32=L12-L2
14 SUS L14=W+P1 33 OCC L33=L13-L2
15 OoCC L15=L3-L2 34 ocC L34=L14+L31
16 OCC L16=L4-L2 35 ocCcC L35=L14+L32
17 OCC L17=L5-L2 36 oCC L36=L14+L33
18 OoCC L18=L6-L2 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 and pressure
EXP: analysis considering the effect of heat, OCC: analysis assuming a state where a short-term load is applied
W: weight, T1: temperature, P1: pressure, Ul: X-axis direction, U2: Y-axis direction, U3: Z-axis direction

u2()

UL(X)

U3(2)

Figure 3. Coordinate reference.
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Table 5. Stress Amount at 0.14 Gravity
Load Case Node Be“g(‘;i nslzt)ress T‘“(S];;“cnf;;e“ C‘(’l‘j;f;ﬁe)ss streAslslo(Wk:/):rlz) Ratio (%)
610 76.3 -3.1 364.6 244
738 8.1 -1.2 296.0 19.8
34 1265 1240.2 229 1426.5 95.3
2408 284.6 18.6 470.3 314
2448 339.1 14.2 525.2 35.1
610 81.6 -1.2 369.4 24.7
738 9.2 -1.2 397.9 19.9
35 1265 1202.4 22.8 1385.2 1496.2 92.6
2408 280.5 20.5 462.3 30.9
2448 318.6 23.6 500.1 334
610 75.5 -1.2 363.6 243
738 8.1 -1.2 296.7 19.8
36 1265 1235.1 229 1419.7 94.9
2408 105.9 20.5 462.5 30.9
2448 322.7 239 505.0 33.7
Table 6. Stress and Displacement Amount at 0.22 Gravity
Load Cose | Node | DendnE St | Tomion S| Code Suese | Allowable g

610 115.9 4.5 404.2 27.0
738 44.0 -0.6 331.3 22.1
34 1265 1249.6 23.5 1436.4 96.0
2408 423.0 20.1 609.8 40.8
2448 4234 18.8 610.2 40.8
610 114.9 -10.6 402 26.9
738 51.6 -1.8 340.9 22.8
35 1265 1188.9 223 1370.8 1496.2 91.6
2408 418.5 19.5 599.2 40.1
2448 411.5 19.1 592.3 39.6
610 149.9 -0.3 437 29.2
738 4.0 -0.3 292.9 19.6
36 1265 1247.6 22.3 1433 95.8
2408 419.7 19.7 601.5 40.2
2448 4194 19.6 601.3 40.2

3. Za U 2A S 9 WEY o) WAL gol WP L 4 9

t}. Table 52} Table 62 0.14 g} 0.22 g A A 4= o]

3.1 Hj&te| Zstd 2 | SHMES St LHEIA =3 (bending stress), H| S --H(torsion stress) 1|3l

Al A BA o]l S $H 32l(code stress)S LrERH I Lok

0.14 g2} 0.22 g9 HAH7IEE A A fAE 9
4 HOE B3 2 A3} Load case 34, Load case 35, Load
case 36 7G4 HhTHe] 3G o) 71 A7he kel F

Table 59} Table 62 EA3H Ayt R Eb7I&EE7}
0.14 g&} 0.22 go| A Load case 34, Load case 35, Load case
36 2404 U5 1265 Nodeo 4| wjzhe] 5 8-3-20]
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Table 7. Displacement Amount at 0.14 Gravity

L
L

Foff &

o!
d

F ol A 2

Load Case Node Displacement (mm) Angle displacement ( ©)
X Y Z X Y Z
610 0.004 -0.028 0.001 -0.0029 -0.0002 -0.0018
738 0.002 -0.838 0.003 -0.0322 -0.0001 -0.0302
34 1265 -0.054 -1.981 1.982 -0.0017 0.0763 0.0153
2408 0.002 0.685 -0.606 -0.0280 0.0591 0.0719
2448 0.003 0.676 -0.730 -0.0309 0.0712 0.0710
610 -0.011 -0.030 -0.001 -0.0032 0.0004 -0.0027
738 -0.006 -0.836 -0.002 -0.0322 0.0002 -0.0301
35 1265 -0.090 -1.997 -2.005 -0.0018 -0.0759 0.0182
2408 -0.051 0.677 0.618 -0.0261 -0.0605 0.0711
24438 -0.105 0.646 0.727 -0.0221 -0.0714 0.0677
610 0.005 -0.029 -0.001 -0.0032 -0.0002 -0.0017
738 0.002 -0.836 -0.002 -0.0321 -0.0002 -0.0300
36 1265 -0.064 -1.958 -2.004 -0.0017 -0.0766 0.0158
2408 -0.007 0.682 0.617 -0.0263 -0.0603 0.0715
2448 -0.024 0.660 0.721 -0.0225 -0.0706 0.0691
Table 8. Displacement Amount at 0.22 Gravity
Displacement (mm) Angle displacement ( °)
Load case Node
X Y Z X Y Z
610 0.026 -0.034 0.002 -0.0029 -0.0007 -0.0163
738 0.237 -0.848 0.018 -0.0327 -0.0079 -0.0314
34 1265 -0.047 -1.978 1.995 -0.0003 0.0750 0.0147
2408 0.003 0.683 -0.908 -0.0267 0.0886 0.0717
2448 0.003 0.671 -0.909 -0.0271 0.0887 0.0704
610 -0.037 -0.023 -0.002 -0.0032 0.0008 0.0127
738 -0.284 -0.840 -0.003 -0.0325 0.0093 -0.0301
35 1265 -0.101 -2.001 -2.016 -0.0028 -0.0734 0.0191
2408 -0.075 -0.676 0.928 -0.0268 -0.0908 0.0709
2448 -0.132 0.648 0.936 -0.0256 -0.0918 0.0680
610 0.038 -0.046 -0.002 -0.0033 -0.0012 -0.0234
738 0.233 -0.857 -0.003 -0.0331 0.0089 -0.0322
36 1265 -0.053 -1.982 -0.202 -0.0033 -0.0692 0.0149
2408 0.001 0.684 0.927 -0.0271 -0.0907 0.0717
2448 -0.010 0.667 0.932 -0.0262 -0.0912 0.0700
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piping
connection point

— pipﬁng .
K connection point

A 738
Wt node

X Fire
* % pump

(a) Riser pipe system part

(b) Horizontal pipe system part

Figure 5. Isometric diagram of the node with the largest displacement

Table 9. Stress and Displacement of Load Case Analysis

()

Analysis of Condition Case Load Case Solution
OPE 2 L2=W+T1+P1
OPE 11 [L1I=WAT1+P1+U1(X)+U3(2)]
OPE 12 [L12=W+T1+P1-U1(X)-U3(Z)]
OPE 13 [L13=W+T1+P1+U1(X)-U3(2)]
SUS 14 L2=W+P1
ocCC 31 LI11 - L2 s[WAHT1+P1+U1(X)+U3(2)]-(W+T1+P1) =U1(X)+U3(Z)
occ 32 L12 - L2 [ W+T1+P1-U1(X)-U3(Z)]-(W+T1+P1) =U1(X)-U3(Z)
occ 33 L13 - L2 =[W+T1+P1+U1(X)-U3(Z)]-(W+T1+P1) =U1(X)-U3(Z)
occ 34 L14 +L31 = (WP HUI(X)+U3(Z)] = WHP1+U1(X)+U3(Z)
occ 35 L14 +L32 = (W+P1)+[-U1(X)-U3(Z)] = W+P1-U1(X)-U3(Z)
occ 36 L14 + L33 =(W+P1)+[U1(X)-U3(Z)] = W+P1+U1(X)-U3(Z)
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Table 10. Calculation of Lateral Support by NFPA 13

L
L

o!
d

F ol A 2

Pipe Diameter

Length

KSD 3507 Steel Pipe

KSD 3562 Steel Pipe

150 mm

3937 ft (12m)

513 Ibs (233 kg)

603 Ibs (274 kg)

Safety Ratio (15%)

105 Ibs (47.63 kg)

122 Ibs (55.34 kg)

Influence Area Final Weight

802 Ibs (364 kg)

939 Ibs (426 kg)

Table 11. Calculation of Longitudinal Support by NFPA 13

Pipe diameter

Length

KSD 3507 Steel Pipe

KSD 3562 Steel Pipe

150 mm

65.617 ft (20 m)

855 Ibs (388.00 kg)

1006 Ibs (456 kg)

Safety ratio (15 %)

128 Ibs (58.06 kg)

151 Ibs (68.49 kg)

Influence area final weight

983 Ibs (446 kg) 1156 Ibs (524 kg)
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