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A Study on the Plastic deformation Absorption Characteristics of
Aluminum-Polyethylene Composite Structure Sprinkler Pipe
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Abstract After an earthquake, fire and gas explosions are more likely to cause more casualties in cities with many
apartment buildings and large complex buildings. In order to prevent this, seismic design is necessary for the fire
protection sprinkler system. However, most systems currently use stainless-steel pipes, although synthetic resin pipes
are used in some special places. These materials are susceptible to vibration and earthquakes. This study evaluated
the displacement absorption flexibility of polyethylene (PE) and aluminum (Al) multi-layered composite pipes to
increase the seismic performance in a vibration environment and during earthquakes. The seismic performance was
compared with that of a stainless-steel and PE pipes. The seismic characteristics can be measured by measuring the
amount and extent of vibration transmitted by the sprinkler pipe. This method can be used to judge the seismic
characteristics to attenuate the vibration during an earthquake. The seismic characteristics of the pipe were verified
by comparing the logarithmic attenuation rate to the initial response displacement of the vibration generated by the
transverse vibration measurement method.
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Table 1. Material of sprinkler pipe(Stainless steel)

composition Material number(KS)
MAX(wt%) 304 304L | 3108 316 316L
C 0.08 0.03 0.08 0.08 0.03
Si 1.0 1.0 1.5 1.0 1.0
Mn 2.0 2.0 2.0 2.0 2.0
P 0.04 0.04 0.04 0.04 0.04
S 0.03 0.03 0.03 0.03 0.03
Ni 8-11 9-13 21 13 15
Cr 18 19 17 17 17
Mo - 2-3 2-3

‘ﬁ‘« ‘ﬁ Sprinkler pipe dama Sprmkler pipe downfall
3

(‘) ',"_ 2 /‘

© (d

Fig. 1. Damage of piping due to earthquake, (a)
Perpendicular pipe damage, (b)Connect pipe
damage, (c)Sprinkler pipe damage, (d)Sprinkler

pipe downfall



GMAW Welding

Point Welding

Ea

s

2019
o]z

)

=,
C-PVC

[e]

g

72 A2048 Al
X s

3T

glelg] 2 ulo]

Ea

oy M T oI o =4 T
os o~ Bl \l/
g Tdwm MM IR RN U N O R
g FZroxs & l]]mnmﬂrﬁfﬂ.um«@&m«ga%ﬁ_
S LCHOﬂD!Eo q X T T A il ﬁodl - =
e Fowiel orﬂﬁrﬂ%ﬂ?%%%%%W%M%W
/ 2 L IR R SN R
£ mw%%q.mﬂﬁ ﬂ:TWﬂ@H?%AA% mﬂmﬂoa_@u
£ T P MR SO = TS g A
) 2 =0T Lisan X KT T WA M- B -
\ = = ) o | n_AluumE_ﬁ B RO de = B 2 =
g huﬂ;uﬂﬂ% L uuw]_monﬂ.zt =5 XX
= o S - o) = o] N Mﬂ! m_rT o o Nq 3| ,LW 2 - BV o of ‘WH
3 s T DT E PoAmE UL T B e - C® TR o
" & m L Ba¥ Bl T X b 0 ko R 0
H & Eow T M %7%£§%§rﬂufoa%i15¢. i
g 1%loﬂqﬂwr.a%iﬂaotﬂ% R — B oK E
) 2 EMHA_WMMHQET%gw@%ﬁot@ﬁ.@W:MMM%DEBMMMWmﬂmﬂ 5
[ 9 To e oW do "N & o R R ommow o© . .
= m X < o Zu‘_turx_ B o B om o3
TEL DT g <mhdn NN I
: %ﬂ%@ﬁwiE;%Mﬂ%mm%%%%m_mﬂmr_%%wmﬂ.
2 #%EW%%EQ&%?Pﬂ%%1wv1er¢oﬁra_manur
o _%ﬂo@z;ﬁﬂwmﬂﬂ © 5o X T NN S
5 mmsﬂéﬁaﬂﬁrauhﬂfrﬂ%??% ,%nuwr%@meﬂi?
= F L L o & g WO ° T T = & o
SISl %m_%ﬁﬂhwx%quo_fﬂoﬂﬂﬂ%ﬁo
OB o %o T W T o RO = -
T " =
TERLdTTY LEPTRIEE® L
S LRSIk AN Il s TUREXR WO o Tl
%ﬂﬂﬁﬂ%@@r%%%@%%ﬁﬂﬂ - : BEim® ol = M
Mo = — B EK s 0 < B & -
7Hswm%irﬂ%ov%qia;tﬁ N w S b R
TR I XN enlw e g N | £ e~ g
o ) I -~ iy o) N op L — T X N W oG
" _EPL]]M_HXL.AHOHI_SQ.,_M]Luﬂo 58 XuTMHoiﬂ_olq ﬂ!ﬂtao
Gy BPeEE L Pog ™ g Ty N O = o N
SR TN VR Hw 7 R Ealdr
T eI  CTR ol / B o w0 xR
= B o 2 B &E T = oy p U B erﬂ o e\ g F Ho o ) = T T
oo Ho < N o %o — Wo I - o L N
4 = o T o= B I X T T 4 O 9 E o 1 H] o BB & Xt )l
<~ = J&%&gﬂz%;%zﬂiT B f HdzPoRY wZgmE
TS AL RS Ry 1 JAR S ST feEEE
2 2 xroar © oWy g A oo R W 2 g ow O o Do =
PR g porrdBaneyl 2 FOEZST Tz iiw
= ~ o TR R Ay W X s op o o °
ﬂﬂ%#ﬂul]o%mﬂx%aovqﬁﬂﬂi7 ] oo B o T o o
Aﬂo_awﬂ#AEEEEmﬁ% G E ZERERRE g gy
o Eo”ﬂ%ﬂaﬁoﬁ ogoW:ooHoo_M.sﬂ 2 £ ﬂmﬂiﬂg oo ™ ol Ltde&o
woE ﬁ%ﬂ@mjﬂA o U R e B : 8 =7 o F W W o P
brmablab2aliznsdy I S ZZeuwdl Fiwrey
Badnomws o CRCH N . N o & T LT S N R OXOR o
= - w QRN T =y = B =] o F oo oy
=~ ™ N T W om X o] &

428

o] AFgE I itk



ol A

3l

ks
=

Az o) AF,

7, A0 :

1/n In AO/An, ©17]4 n :

An :

9} AC/DC A E|

G

Inspection of materials
Primary inspection
Adhesive layer
application(2step)

Material preparation
PE extrusion inner pipe
Pipe Cooling
Adhesive layer
application

‘ Aluminum seam weldig H

HOLN TR H R R o WAL mowm o R W Q) o
i = o T o AR e My N = Mo B of of My X ey T —y B OB
R H T B g T ~ T N g W Mo g Be
I <) o) o = & o N X o ® o o oy
mwmﬂ%uo%rzm 25 g N e MR ST g AT
o oR g g B g p Al S AT W o B PN E oS %
CRd R T T 3E LB PR g yE g B
w o M J N oA ON L LW Ao oW
S s T o . - FMaﬁm%iﬂaTll R
W Do T W ogs o T s XY T 5 = = BT A M@ TEOAr ) e
el RS NI o I Rl R o e S RN N
mo B o W ® nl e% e o & W 2o < r do Tn 2F o
duz_ﬂomm:,ﬁoﬁaﬂu%_@QQ EOEHTHi Y SJD%H — Nz
T o— P X T B RT ™ N =y =K Jdu 8 w®m o= Wl Joo] I o o n o ‘Ll %P o
9 _ BNy i T H oo W N = HE EooP e ooy
=N~ Nz < N <] w o < Jl A_.Jl W o I of m = oy B
N L do S = W o H LR XN OB oHp o gy 7o
=Ty  EFETLSR R R B A N
A ; N — T iy R ) Yo @
Eozidf222EE v pHeBezifoCiind,rt
Q0 T oy B P L F AR » < B g w om Sy S oo LwE o
R AR R Porrd it e R iR e
S R - O JOPERTTE YN @ T oY
bl Bo ) R o ) = N il A
A B R - S P Bl o - N
= ~  — Ao A T
mm_o%%mm*%%ﬂﬁor @ﬂ%i{mﬂ%ﬂﬂﬁﬂaﬁi%?;
“op B o ©EEE D B ® o My S Fdwo ™ a T o
PWe<xwFzTmwseE W H B 3 T PO TFENT T OWHE WP
=1 U . T oM T e
= " o W2 = <0 K ol °
: ERES & felze - 53 s esk o
IR S £ R 2
£ 3 S T T o s o
2l e & Pwg P B ®
gl EERT 4 2 B - AT °
m 3 m _Mﬁ alt] n bt ,MWL ) L oen x m b N - oo &o oﬁ
B EEE Et L 1 3827
e | = X Jooml i a o) oA X Ew
£ | § by n g o ~— X
gl 12| 8 mETaW 5| 2 W o XK =
] g & N « | @ |4 o @ oy T =0 ® _
g = 2 ol ‘Bq © wn o X da = = & . e
el | E| 3] & EZzrkEsm = | & o I A
=g Bl TEYms 2 gy B o
i i £ = m o o) 2 do s o BT o oo Jo
3 H 8 8 ~ oo o = = L Hoor ] o do ho T
e—E— "] & ﬂﬂnﬁ_ﬂuiA 3 EEciEzq eI = =
IR S Twuyuw S 2572928 T ovng BT
5|3 < oMo . G |F|EEEEE whgEoae TE
5 E ) BHORC KT oy © S 22832 WL N = a X
o K] o = lo Aﬁ < ) L A m m — > — T o =3 T
= i < % ~ e " oo kb o N
T & o = B o= Hp o

429

Al4(Internal

)

=
&

o}

£

1=

sked

19

A

=

FAE

4

=
=

A5



Akl a3 w=itA] A|209d A1E, 2019

(b)

(©

Fig. 5. Optical microscope photo (a) STS 304
stainless  still  pipe, (b)PE  Pipe,
(c)Aluminum weld of Composite Pipe
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(a) STS 304 stainless still pipe, (b) PE Pipe, (c)
Aluminum weld of Composite Pipe

431

S NERRECDNE =

@ | |

T R

(b)

©

Fig. 11. Vibration damped waveform of plate structure
(a) STS 304 stainless still pipe, (b) PE Pipe,
(¢) Aluminum weld of Composite Pipe
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