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Study on seismic safety of the small bore piping and support system
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Since seismic safety is one of the major key issues of nuclear power plant safety, it has been demonstrated
that nuclear piping system possesses large safety margins by various durability test reports for piping in
ultimate conditions. Though the knowledge of safety margin has been accumulated from these reports, there
still remain some technical uncertainties about the phenomenon when both piping and support structures
show inelastic behavior in extremely high seismic excitation level. In order to obtain the influences of
inelastic behavior of the support structures to the whole piping system response when both piping and
support structures show inelastic behavior, we examined seismic proving tests and we conducted simulation
analyses for the piping system which focused on the inelastic behavior of the support to the whole piping
system response. This paper introduces major results of the seismic shaking tests of the piping and support

system and the simulation analyses of these tests.
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Table 1 1278, ‘

Piping(1inch,2inch,4inch) ateral or perpendicular load

L-shaped angle support(L50 or L65)

H=500 or 1000 Base plate

+ Embedded anchors
+ expansion anchors

00mm

<Cantilever support type>
l| Lateral or perpendicular load

L-shaped angle support (L50 or L65)

+ Embedded anchors
- expansion anchors

<Frame support type >

Fig.1 Schematic view of test specimens
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Table 1 Test conditions

Table 2 Specification of test specimen

Test case | Pipe diameter | Support type Anchor type | Load direction
. Cantilever
Case 1 linch(1B) Expansion (M6) lateral
(L50,H=500)
Case2 | 2inchp) | CPMIEVEr | o @ sion (M6 {ateral
(L50,H=1000) xpansion (M6) ateral
Cantilever
Case 3 2inch (2B lat
@B) (L50,Ho1000) | Embedded @16) ateral
. Cantilever
Case4 | dinch (4B) Expansion (M12) lateral
(L65,H=1000)
. Cantilever
Case 5 4inch (4B) Embedded (216) lateral
(L65,H=1000)
Cantilever
Case6 | Z2inch(2B) Expansion (M6 erpendicular
@som=1000) | Pension M6) | perp
R Cantilever
Case 7 4inch (4B) Embedded (916) | perpendicular
(L65,H=1000)
. Frame
Case 8 linch (1B) Expansion (M6) lateral
(L50,H=500)
. Frame
Case9 | 2inch(2B) Expansion (M6) lateral
(L50,H=1000)
. Frame
Case 10 | 4inch (4B) Expansion (M6) lateral
(L65,H=1000)
5 Frame
Case 11 | 2inch(2B) Expansion (M6) | perpendicular
(L50,H=1000)
. Frame
Case 12 | 2inch (2B) Embedded (¢16) | perpendicular
(L50,H=1000)
2. 2 IiREBR

IREABEClE, TR, T DIEE% 2 SO SRR
R E LT—R% 3 ZoTRIADS) 2F T 5 04 4
AV F DEYROWE R % ABE L U, IR IC 81
LEE -V R— F ROIRBIRAE 2 UM L 72, £/, 3B
BRI 5.2 5 ATIhEE) & BBEIIC R S ¥ 5 2 & ol
BYR—FROBETAMERERHEEL 7.,

PRI VB AV A BT ZRRT I A T2
vE— (B-T4 7 =V R) TR BIREEREREE %
HL7,

AR DFETLE & OB % Table 2, Fig2 I2R,
¥ 7o, FELREBRSM % Table 3 IZ/RT, Table 3 IZRT
WBhH, —EOHMEBREFICB T, BB DR
T L DOHEN % BRNICE 2 570, B ~DHED
5B L O R — b OER EOBEREL
77

ATTHIREE DOTGIR (IE A 27 b V) % Fig3 1R,
FIHEERH 2 N — 212, BRI OEIREIL L%
FEEL 72 b DR FBITEA L 7,

. Material
Element Quantity or Structure Remarks
Total length: approx. 24 m
Pipe 1 4B-§g§0 ;:a;bon Elbows;9, Tee;1,
pp Nozzles;3
Internal fluid Water Under test: 1.4 MPa
Cantilever-type .
Expansion anchor
Support 16 (th}jl;.l;? gl(-)tl 5) (including concrete fixture)
. Approx. 80 Base mat size
Total weight ton (104 mx 6.4 m)

(O : removed supports at Test Model C
Fig.2 Schematic view of test specimen (Test Model A)

Table 3 Test conditions

Input

Test

Test case Level’ Model Remarks
Applied vibration at the design earthquake level
Case 1 $: Model A (1.5 nv/s?) of the test model.
Case 2 9xS, | Model A tlzi\mphﬁed the acceleration of the S, wave by 9
mes .
Amplified the response of the piping system with
an added mass. The shaking waveform was
Case3 | ax$S, | ModelB | i cied (with the time axis) to the natural
frequency of the piping system.
Removed five main supports (supports 4, 5, 7, 8,
9) to make the pipes more sensitive to vibration,
Cased BxS, | ModelC and applied vibration at the level to damage the
pipes.
*S, * Design earthquake level of the test model
200 — —— T 111
180 (H Natural frequency ;_VIWAVE-B A e 1.0% BB |-
|| of the piping model LNy ||| TWAVESA |||
160 e AILFM JU || —wave-s
o, 140 = \—- —wavEC |-
B 120 ‘ 7T
5 | \ WAVE-C | |
g 100 \
E 80 [ WAVE-A —— M p A
'dg 60 f \ LY)
g No A
2 v PR deennil
O [£A
0.01 0.1 1

Period sec

Fig.3 Response spectra of the excitation waves
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EE ORI R — F Ol LR T 2%
BORE-ZMRESRD 61 5,
Category 4 : XFEFME LR U RNV I ARSI A 7
KEFEM & U ROV + DM BRI TEE L
7o, XFHBREORERICRIBHEVETDH 5,
Fig.11 OFIE-ZARMEIL, EEHOT7 VARV
DWEIDFEE LIy —ATH B, TV ARV
DSHEWTICE BRI U RV b, KRESM o5 ¢
WEDFHAE L T D 78, Category 2~3 Z A0
W7 & 9 RHEER R L TE D | Category 1 DIFAIC
HAR! Bz 2 ¥ —OWRIIGHRPEEI NS,

Positive |

‘ Concrete block

Fig.4 Specimen and test equlpment (Test Case 11)

Table 4 Summary of test results

I Tested failure capacity Designed allowable force Strength
Cat Test C Specificati .
ategory | fest Lase pecttications Failure mode (kN) Failure mode (kN) ratio*
linch, cantilever type,
Case 1 expansion anchor Anchorage 3.42 Anchorage 0.66 5.18
Lateral load
Case | 2inch, cantllever type, expansion anchor |y e 1.56 Anchorage 033 | am
Laterai load
1 1i i by
Category 1| (e 8 inch, frame type, expansion anchor Anchorage 123 Anchorage 205 | 600
Lateral load
Case 9 Zinch, frame type, expansion anchor Anchorage 5.49 Anchorage 1.07 5.13
Lateral load .
X :
Case 10 inch, frame type, expansion anchor Anchorage 7.91 Anchorage 1.07 7.39
Lateral load
2inch, cantilever type, embedded anchor,
Case 3 Lateral load Support 222 Support 0.94 2.36
4inch, cantilever type, expansion anchor
Category2 | Case 4 Lateral load Support 3.53 Anchorage 1.11 3.18
4inch, cantilever type, embedded anchor,
? ’ ’ S 1t . rt . .
Case 5 Lateral load Uppo: 4,18 Suppo 1.59 2.63
Case 6 Zinch, cantilever tyPe, expansion anchor Anchorage 193 U-bolt 1.51 12.78
Category 3 Perpendicular load
Case 7 4inch, cantilever tyPe, embedded anchor, U-bolt 270 U-bolt 115 2348
Perpendicular load
Case 11 Zinch, frame type,. expansion anchor Anchorage 383 Anchorage 8.89 4.31
Category 4 Perpendicular load
Case 12 Zinch, frame type? embedded anchor, U-bolt 40.1 Base plate 264 1.52
Perpendicular load

*Strength ratio o, = Tested failure capacity / Designed allowable force
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Load direction
Z 3mm ' Positive
9
[5]
Q
-
| : Concrete crack
" | ( :_3 28N Pnsp}acemenf mm
-30 ~20 -0 o 10 20 30
Displacement mm
Fig.5 Force and displacement of Test Case 1 (Category 1) Fig.6 Failure state of Test Case 2 (Category 1)
30 T T T T :
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Fig.7 Force and displacement of Test Case 3 (Category 2) Fig.8 Failure state of Test Case 3 (Category 2I=X]
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|
i
O T N S
I
! SR . Y
00| — — = —— 4 — = — = — — B -
I Snap of U-bolt
% -23.1mmn
yg oo |
S : seFinal cycle---
_|uo~*~—:-— i Aff—E‘::}"%___
I ) B |4 47
e e ) '33:& T i
Snap of U-bolt AR _,()_lfN - D;;;)laceumem;:xm ” Load direction
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Fig.9 Force and displacement of Test Case 7 (Category 3) Fig.10 Failure state of Test Case 7 (Category 3)
s00 T T ¥ r T
oo b e | ___! ___! Spap of expansion anchor
: | 383kN e
300 - — — —j— - — o= — —
200 = = — _: ———————————
£ T (224 T
'g 00 :
8 D
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~100 ! B — 7 Plastic deformation of
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Fig.11 Force and displacement of Test Casel1(Category 4) Fig.12 Failure state of Test Casel1(Category 4)
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SRERFER DS B . Table 6 12331 5 Test Case 1 1, &k
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) - al L& =
5.3 -2 — 2 Test Case 2 \XEREFFAOR o fEHHY D Table 5 Niltu“fallﬁﬁequincy of piping system

- atural frequency Hz emarks
ANME % 5277 — A TH 5, Test Case 3 IZ7AER It | 2d | 3d [ 4th Remaric

= Test Model A 13.7 16.6 258 28.1 Original test model
M‘L:ﬁ%ﬁ’ﬂﬂ L\ Ea%%ﬁiﬁﬁbcj(? ( tﬁ Z) J: 3) E‘Qﬁ Ami;:ﬁed the response of the
L 7"4 }]‘—X"C“ % Z) Test Case 4 &i ﬁ@f@_ 1"] e b[]z Test Model B 63 109 15.6 182 piping system with additional

—‘%B“H‘/T:"‘ ]\ ’gf}ﬁkfb\ Test Case 3 uh@@ﬂ%ﬁﬁﬁi Test Model C 35 9.6 13.5 152 Remove five supports
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wx LEE ot EsER T E 1,
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Ist13.7Hz 2nd 16.6Hz

BERDO—D L LT, RS LBV IBEMRD Fig.14 Vibration model of piping system (Test Model A)
FEL TR EBBEToNS, EROREL )L Table 6 Max response of piping system
BRE B E UK L REOREE 55 VIR, [T | pomn [ S
FEEA . U RV NSO EMEETAC X D TR | cose | coclomtion | ofpising e | Remark
of the wave system Support7 | Support® | Support9 of elbow
ST BT B, WHOKS S HREDY F— b0 e T | e
1| 1d6ms 1.7mm ' ' 3 01%
KL AV EZEET 27 00BEELREETH 570, - - e By e 7T Eves p
- X e . 15.3m/s2 162 mm : : : 0.04%
REARERIC D X | UG IEZNL & RS O BIfR & STl e b T T
L 3| 796ms2 | 517mm el It an 0.17%
~e 4 Béms2 | 239.8mm — — - 137%
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Fig.15 Displacement response (Test Case 2)
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Fig.16 Damping ratio of piping system
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Fig.18 Local strain of Elbow A (Test Case 4)
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