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Srength Analysis and Evaluation of ACP1000 Residual Heat Removal System Piping

LAN Qi, NING Qing-kun, TANG Yu-jian
(China Nuclear Power Engineering Co, Ltd, Beijing 100840, China)

ABSTRACT: Objective To study in depth the calculation principle and method of PIPESTRESS program, summarize the
characteristics of the software, and propose viewpoints on how to better use finite element software to complete nuclear pipeline
calculation to guide the subsequent pipeline calculation work. M ethods PIPESTRESS software was used to calculate the stress
of ACP1000 Residual Heat Removal System piping. Combined with RCC-M specification and the basic principle of piping
analysis, the basic principle and specific application of PIPESTRESS were discussed and studied in depth from the aspects of
piping model establishment, load definition and working condition combination, seismic analysis and stress evaluation of the
calculation results. Then the design verification for PIPESTRESS was carried ont with the SY SPIPE software. The causes of
errors were studied in depth. Results Although there were some factors affecting the results of verification, the results of the two
kinds of software were very close. Conclusion PIPESTRESS program can be well qualified for the modeling, mechanical
analysis and stress assessment of ACP1000 piping, and has good cal culation accuracy. The research results can provide basis for
the calculation of ACP1000 piping, and also have great reference value for the future application of PIPESTRESS program in
new reactor.

KEY WORDS: ACP1000 piping; stress analysis, PIPESTRESS; SY SPIPE; design verification

B 2018-11-26; f&iTHHI: 2018-12-07
TEHEEN: 28 (1984—), B, A, TEHMAF AR BIELEM DT,



- 48 - X aE WK E TR

20194 2 A

ACP1000 & #Z4EMI7E CP1000 #% J i HE FE fil
b, THARM R AP1000 A HL A, W B BrA% H i 5
WA, A EVF L —FEE =R KHEZ
i, HARHHEN R4 (RHR) RM2Ei&, RES
FEOR, TWSEER, HRMEE R,

DST /A PIPESTRESS %4 2& b iz ff
A BRoTEEH S, ST 2mMER, NE
TR A [ b F AR T RIS (1 RCC-M #E
8. ASME HliE%F ) , DhRedEwR 5K, PIPESTRESS
P BESRAR 5, A SR AN R R B R A
YEITEIATIRAMITY, IR HAFE A LR EE R

CHBRAMES T anfefiz ] PIPESTRESS 27 %
ACP1000 4 #HE H RGBT E AT S PEE , N
Jo SR T T AR SRS

RSIEZ

R

1 EEEENET

1.1 RHR EEZ&

SCHRT B BT A L R IRHE S R4S (RHR) 48
HEMZEFEARSG (RS HiBHM, H RHR 245
I U E B 180 C L TR ) 17.13
MPa, RSl R4451E R —HAE1E , IR R 343 C,
Pt 1k 17.13 MPa, &4 b kLR Z2CN1810,
PUBRIN N 1IF 2, EERERIPRA T HE L B3k
W, KAV =il LT ponay, SZ M

ARG T ok 8 WM S P RIBH e 2% = Fh S8, R
F PIPESTRESS Xif 45 18 #E 47 A5, I X6 37 45 55 fti Jin 24
W, BRI 1 s

Kl 1 PIPESTRESS %5517

1.2 LBLRMRY

M PR E AR Rl — . AR IE, R g
PR S W R PE S SRR S TR A B
il R, BRSO HAE W K AE, kAP
Sk NINES U (N

RCC-M FL B it 25 3k Z2 1k 22 B0 FA 1 i 30
L, T ZEE, YE C3680 HHIME, kE—1
RS R ME RS RS

X h=tRIr?, ROVES MRS v R B9 F
PR t k4 LREE

YT —%4EE, HRE RCC-M #iE B3684.1 H
Hae, TE0 R — AR T

165 1
K= T
hl1: 7 x,
E

Hri. P REIENE; X=6(r)*3 (RN, E N
SIELLNCY o h o
MEL ERERLE 7T LAE H, — 8 T8 2k i 2k

R T 52 AR AT T R T A, BN R
Ff) . K PIPESTRESS #:37 —N4M% 273 mm, R
J& 6.35 mm [ 90° 5 LI AY , A Sk — g [ g, JFHL
J£ 718 10 MPa, 73 5% B8 —Z0f — 98 AT 1HA,
R 1,

®1 TAREMEHER

CERE — B iR /Hz TR
—Y 190.48 7.93
—Y 155.77 12.12

MU AT L, 23k RN — QU I H RN, th Tk
TIAAE, SBCRIERECE/N, WISk NIEAE R,
XA AW, SRR S — .
BRI, XA AR AR 5 B .

2 HEAEXSTIRASE

2.1 EEHME

T & B, SR BT A 4 K 32 10 28 o bR
THEFMAE, AHE, #K, W& (SL1 1 SL2) s,
I T AR B 2 0] B [ S A R Tk, & 2



$16% 2 B4 . ACP1000 A HE R 404 18 5 7 i 5178 - 49 -
x2 HENE
S TS #iE
HE -+ . AE 1 RS A
W SL1 = 2 R B (&)
SL2 % 9 WaREfr ()
1B T00 R #uik 20 — B A —A
SEH T #Uik 21-26 Al s 2 T
ik FHC T T Bk 37 AL HE 2 AN T
IemiRE (X)) #%m 12 520, 21—26 T T4 4
HARIERE (XK #m 13 520, 21—26 T BT A
TN 7 RV A 7 A el ] A0 14
R ST = A 00 i 11 SN RS 16
[ S AL TSR o Z = A A e 48 HYEdik T T % &
SL1 b 1) [ SRS 3. 4.5 HH AR, HES SLLME TAS
SL2 M7= Ay [ i i 41, 42, 43 R AT R, WES SL2 R THA A

HBI I T AU AT R A B LA 2% 28 I R L ) T
D5 o HA 8 3 8y 7 25 HA A S BT EA T A o

22 AKIRWAS

X TR I AR, I S X B Bk A T )
Ve A JI AT BT B, R P () — 7 )b 4R
Pk TOCR e 25 1A AT A4, B e PR = A5
I 4046 1 R4 f kAT SRSS (SF- 5 FFF-J5 ) 414,
AT A 3 B 28 B B 2T & 0 o W B TR IR A
EWoF

M

Ecold
cold — M hot

Ehot
K Meog WS T B s Mpo NS T B
FH; Ecoq MR T HHIERIR s Enoy AN #Y 3P
B,
23 BHEMEARETHAES
XFF LR (AHE . NIE) AR R (3
), WG ITEMREE E YA W A R O
X TR A

M = (M| +[ M) +

1/2
(|MAV|+|MBY|)2 +(|MAZ|+|MBZ|)1
PO i LESTE R
M=[ M2+ M2 + MA22]”2+

[Mg,®+Mpgy?+ MBZZ}HZ

X T — A T 0 BRI IR 2 Ao 1) O R AL
4, T X T A 3 ) 0 43 T i 2 S SR 28 A 4%
F = A7 10 B9 S5 64T SRSS 24, ARG R4 T 5 A
Ao LA, ST Hh s A% Rl = i o A 2 A 7 5K,
PIPESTRESS 5¢ 4 1] DL 8 A 172 X, 18- FJ7 fil

JF3FJ5 (SRSS) #H4 . 4 XHE AN £ & 25 #0 2 ml LU
PEPER

24 IRAEHE

PIPESTRESS & /% fir 5 T.10 09 2H & #R 7 2% i

FHIATANTEX, MABRESR, & XTFHEAEE /N
O, H T A A mAH“CCAS F1“CSTR PiFl,
Hrip “CCAS” A I ATiE H T —% M 945 iE
“CSTR” 4 HiEH FIE—HAFE ., Tmalgs 72Xk

A~ /N
JH CCAS A it E— 9B THAHA S mS

Wi SRR BB B SR R, FTRLE R, R
N B 8 2 A T 25 AR T 8RB 28 B B0 R A 1) 4l
AR E—E,

Pk # 7. CCAS CA=151 RF=20 ME=8 EQ=1
C1=21 C2=22 C3=23

— A5 B FR 2 M 4R 2 far . CCAS CA=500
RF=60 PR=0 SS=1 ME=1 EQ=2 OP=0 Cl=1 C2=92
TI=/0.EQ(9)

TS E R M 4R 2 far . CCAS CA=501
RF=60 PR=0 SS=1 ME=1 EQ=3 OP=0 Cl=1 C2=92
TI=/B.EQ(10)/

3 BEMmESH

WL I TR AN AR R TR P R R =
FPPLRE S HTIk o XFF ACP1000 #% 2% & T B = 434,
R IETE ik o

3.1 REziEHYIEEL

AR A R L2185 RHR RS E T
AT, BEEAY NS UL 3. A, MR ZEE
AT, PIPESTRESS A7 %314 SY SPIPE #%(
ISAE KT D) 1Ak 0 L JE 48 S 35 B 4 At il A 2
TR IR (A3 )2 B ], R el i ke e o
R E



- 50 - e

20194 2 A

®3 ZERESTIEE

I FriE/m N i FHLJE H
5RX (NZ2%&45%) 1.15 X. Y. Z SL1SL2i¥% 3% (SL1) /4% (SL2)
B5RX ( Fd P X3 ) -0.85 X. Y. Z SL1SL2}% 3% (SL1) /4% (SL2)
5RX (IIEIX ) -0.85 X. Y, Z SL1SL2i¥% 3% (SL1) /4% (SL2)

3.2 EMFEMESAHS

XF T TE W R DL RS, wT LR
GROUP i . 10%3: Fil CQC 2577 v i A AT 41 4
GROUP 2% o) B e LG T i ML Y — i
SRR, AR AR R R PO R EA T 44
SRR LH P B4 o B s S HE AR IR T RS RIS
PR 2 5 2l 2 fa) e B AT SRSS 4 Ao 10%7% )2
— PR AT, X A e M310 sl TR
Mo, BABRKMAE, RiEHF SYSPIPE
A, PIPESTERESS T Afigik It 77k, CQC k&
— TG, R A 10%E PR T 45
AFRAR, AT RLZECR ] CQC i AT FAIR T 58 45 2R 1Y
PRAFAE

AU E R H GROUP - A 44, 158011
HI LB AICR DL 4. B BB 28 — B A RS
FERLUNE 2 Fr s o

& _
Cﬁﬁg%%:5;}£
N U\%ﬂ

a i—H \3{;“
5
o

ﬁh% &
bEBE R

K2 RHRAGEIES—. “HridiRm

3.3 #AEIE

X} T AR R LA 0 e R s i v (R )
RS R N A A, BE B IE.
PIPESTERESS J&iifi i 2 b/ i 1.0 8 X A4 “RCAS’

Fz4 BIEMEE
145 43 2% IHz
2.5256
3.7937

1
2
3 5.4937
4
5

6.2372
8.1186

HFHY left-out-force BEIR ¥ Hil # 1B IERY, i LTH1S
SYSPIPE R4 & SCAREAN T 1) 4 LA Tl i n 328 32 8%
i (W T SEX K6, 7. 8) KiFT# IEILE,
S A G

4 RAEE

41 —REETLE

ACP1000 Hi, 3 — 9% 45 18 45 28 fof 1100 B985 2 1Y
RCC-M 7 N FAR B B34 FA N B BR W36 5. &5
PIPESTRESS F& 7115, 153 —2 8 8 N fvF &
mE.

% 5 ACP1000 ik —2R & 18 M /11T %€ BR

BETR TR RN il N
it T 1, 2 o % 9 <1.5S,
2, 20726 A% 10 <3S,
IEHTH 20T 26 AY 12 <3S,
1b,2 A% 13 <3S,
1, 9 D % 9 <3S,
HHCT 9 D % g <2.5S,
1 D % 9 <2.0S,

W S MR R AR A R S5, 24O 10
Rl B, R 12, 13 T [E B 2

£6 —REERANATE
W iR we CIOHED PRI
MPa /MPa

0 9 101 90.46 141.00 0.64

10 101 413.53 282.00 1.47

A 12 101 195.53 282.00 0.69

13 101 167.90 282.00 0.60

b 9 101 139.78 282.00 0.50

9" 1 92.12 229.4 0.40




F16k 2

2 JL%E . ACP1000 4 HE R G4 18 1Y B A 5 1 -51-

“REETEE
ACP1000 Hi vl — 2 45 18 4% 2% fof T 000 20 2 1Y
RCC-M HEWFIAR R B FR I BR IR 7. 24t PIP-
ESTRESS #2148, S50 9358 N J11EE W 8,
43 MmAREEE
M4 ACP1000 PSAR U1 3.2.3 WiMlE, Pk
| KR40 1, 1F F1 1A 2K, $iaZ U s

4.2

SKREAE SL-2 b2 #ii/E H BRI FRF e Bk, $it
% AF 2B SR HAE SL-2 M a4 T e g
WEHTIRETE,, U= 1A JEF 2R HAe SL-2 M B2k
far VE N BB AR UE T 38 47 1 .

HRAE RCC-P #LE A RLE , X FHUE 1F 2837
N IR C PN FEATIERE , XFTFHIRE 1A 254 4%
HEB UENHEATIE . PURE 1F KHFFPLRR 1A 2K
PR I 7 R AN FHAE WL 3R 5-3 F13k 5-4,

&£ 7 ACP1000 B i 2 K& H1EE IR

#®f THS HEN 25 I RCCM C 3650 % [}
WIE+A # 1 o% 6 <1.0S,
12, 13, 20, 21T 26 7 <1.0
IR 1, 12, 13, 20, 21T 26 A 8 <1.0(a%sa)
I#i] 7 it 5 % 14, 16 A% 9 <3.0S,
SH T 1, 2.3, 4.5 B % 10 <1.2S,
1. 9. 41, 42, 43, 48 10 <2.4S,
FHCTH 9, 41, 42, 43 D % 10 <1.9S,
1 10" <2.0S,
T MR T RN, FHEWE 8
*8 _P{EERANNITRE F9 IUE IF KEBEITEE AN
W TR, VY RIRRY W G N 7 W VE R B
MPa MPa — — WK A1 9 1.9S,
0 6 77 44.49 102.60 0.43 — R F 12 5.0S,,
7 18 109.58 160.65 0.68 — 4 kRN 10 185,
A 9 86 13.28 324.00 0.04 TR TS 7 3.08
10 86 79.16 123.12 0.64 W SHER (BE) TR HN S
10 86 132.03 246.24 0.54 £10 HE 1A REETE RN
IG5 ] WENEE PR
HTAVITENELAPURERNA N 1IF K, BHA oy R 9 155,
TAYUE LA BT, R RS T E D e RS 12 3.0S,
BdbE ., Zatiti, MR R IR 11, @EiditE —4%% — i 10 1.2,
SRV LR, A A TN 1 A 2K /) 7 1.0S,
F 11 BEPEEKZITE
HEER N 7 T R TR E/MPa VEF B /M Pa N A3t
_ — RT3 9 101 161.30 178.60 0.90
/| 12 101 192.78 470.00 0.41
—y — NN 10 86 129.22 184.68 0.70
TR 7 18 109.58 324.00 0.34

5 ZITWIE
RS R AR R MR, (R T

PIPESTRESS J& i K 7E LR N, KiziSHikE
T BN T 58, — MRS Eo T e S B8O T A2
W5 RARRE , I T B IR AR, #fif
Vit 4, AE R SYSPIPE P25 X845 1 ik



- 52 - KEKRKRE TR 20194 2 A
T IE, AN Al
51 ZMBIIgEmEs 0000000 S I
TEVTIIERT , ZeWF98 =4l RE S vt I TESS 5 . . * » .
EmensE, e
1) = RIEE AL R ) T, = A MR HLAS I AR SYSPIPE PIPESTRESS
g — AR A R, A X S W () R B4 =@ RITeR

—H BN R T WIS A R, S =4 —
AL, 5 —A> =38 JH] PIPESTRESS i, %5 — /N
SYSPIPE —#HITHEAL, 2 =1 SYSPIPE H/E H
OB 4 422 X I ST W P B0 . =AM AL B i =
EHME 273 mm, BEJE 6.35 mm, L& AME 88.9 mm,
BEJEL 3.05 mm, #RHA S Z2CN1810, F7E =il 34
Uity F R 1 2 m o A R — BB R 15 B 2

K 3 s

| P
——

<

B3 NIRRT S
F12 =MEIPH—HERRZER Hz
SY SPIPE SY SPIPE
(=38 ¥5T) (RMRMEpse)  TPESTRESS
115.09 155.75 155.79

i AT L, SY SPIPE & J7 — 3 570 I — B A R ff
ik, 124 SYSPIPE &7 R ELAS I 50 1) A
D7k, A3 2 — B iR 5 PIPESTRESS 2 7 3E # it
Lo X 2 K h SY SPIPE #2371 —# HR T 4 188 3
NHEERICH AL, HE ARG S BE O S —
T, R A RN S X I B A SR T S AR
NI . X B AR A A, 2 3038 BT A R 7
SRR Ay A 1 T 4 RN B S A T W 2% . PIPE-
STRESS 2 /¥ 1Y =i HLo0 i AT S Mg, H 48 ik
U AE EEAMER AL E , 58 O S 22 8 R AR
PEERE, ok FCRI B A A FLSE NN B, T34
R, WK 4R,

2) T AE IR, SYSPIPE F25 JLT 4k
{4 3 Aaf T 00 2H A5 0 AR S R AE AR N B A B
A3, e BRI 7 R P e iR F ) T L& 7 i S5

TERLE A TSR o X F— W ) (2 FE SR A )
1, 2 WEBEHHR 1 WEE TR THE; T
U1 CIIKERAT ), PR SEsxt A#Uik T0L =405
M HEATH A, RIE T T ORI A . XRS5 A 2
R PIPESTRESS ¢ 4 4% ML E R 415 J5 I 45 5%
W& /1N

3) X RZERUE N, PR TR, EiE 5%
T AE M et A S A AT PP R A IR 22, X b 22
it iR 2% . PIPESTRESS 2kiA RCC-M Hl ASME
TG iR 2% 2.4 mm, HABHEH 0.79 mm;
SY SPIPE F2 /37 | 45— R HL 0.48 mm, X Hh i 2z 2L
SR X e e A 3 U B 1 N T iR R BT R, A
T2 P A R e %o (] — A 1 ) B 8 SR A i 22001

TR T VT RE S M B IE 25 R X = AN S, SR
SY SPIPE 2 J7 X1 B A 2R it A T LA B H 04, F T K
25 th BRI A X L

5.2 BESIWIE

13 FIA 5 45 1 1 PIRNECPF R LB 3 LA 5
— IS FERLE BOXS e AT AR B, TR e A B A
PAE I T M B P, AR AR P A9 T 45 R AR AR 4
i, wmRIRZEN 1.173%,

R 13 ETEKIAEI L
" [ 45 45 % [Hz X
1 R %1%
SY SPIPE PIPESTRESS
1 2.5169 2.5256 0.346
2 3.7813 3.7937 0.328
3 5.4748 5.4937 0.345
4 6.2251 6.2372 0.194
5 8.0245 8.1186 1.173
5.3 t+&E R ALEIIE

PAANRR T 1 45 307 7 1T B 45 S X L L 3% 14—16,
AT LA, WA 1) 45 0 e R 0, ) AR 2 SR R
e, BeoRiR2E K 3.507%, &7E A3 N,

Wt DL EXT AN KE & B, B ORATAE — BB 52 R 56 F
SRR, (HBERE TR LS R i
(), XL IR BIE T PR A TR B i T S, H
A% 22 4 Jmy Xof T o 45 3 58 88 43 AT A2 190 3 5 5 SR R
JEINAT Y.



FleHE F2 2 JL%E . ACP1000 4 HE R G4 18 1Y B A 5 1 -53-
X g
(-47/—/ |
\1
\m%\ 4
Lm\\ .

Kl 5 AIES— PSR A [

R14 1 RKEEM AL

x®17 BEFFRES

. . & {E/MPa N
WEN LR R A5 TR I%
- SYSPIPE PIPESTRESS °
0 9 101 90.42 90.46 0.044
10 101  400.89 41353  3.153

A 12 101 193.04 195.53 1.289
13 101 167.85 167.90 0.030
D 9 101 139.18 139.78 0.431
9" 1 92.12 92.12 0.000

Rz 15 2F{HEEMNAXTLE
P13 A{E/MPa

Y [=1 1 R N=1
A ey S VY SYSPIPE PIPESTRESS TRZ1%
0 6 77 44.43 44.49 0.135
A 7 18 106.85 109.58 2.555
9 86 12.83 13.28 3.507
B 10 86 79.15 79.16 0.013
D 10 86 131.72 132.03 0.235

*16 BEEIREMEMN SxXTLEE

HHEAE/MPa
SYSPIPE PIPESTRESS

EIHEH T WA R2E1%

19 9 101 160.69 161.30 0.380
12 101 186.68 192.78 3.268
oy 10 86 125.56 129.22 2.915
7 18 106.95 109.58 2.459

5.4 *iﬁﬁ:ﬁ:%\gg

T IEX PIPESTRESS 2 J7 i — e b 47 B
FH 5 SYSPIPE fF it frxf b, Wk 17,

6 Zit

1) PIPESTRESS F2 /7 REE 1R 4 Hb Jik /T ACP1000
BB AEE WL . 128 BRI 19 T AR

2) PIPESTRESS T2 /77 i FH i 75 22 AR 45 i A
TSR AR I S T A B, LIS S IE

A PIPESTRESS SYSPIPE
e i R, RS 2% AR, A R BR
FREEE ANT A A 3hiEE
THAE ANLAHHHAS EEsIERS
Z B IH 1B IE e A B/ (3%
=3 HIT NI B HTAM EIERIEGS
R TR,

3) 454 PIPESTRESS #2/7, X ACP1000 453t 1
KRBT T A EEA ST, v LR S E T
HTAE,

4) AR T PIPESTRESS, SYSPIPE
PO RE 7 A BT R S T TR Y 28 5, Sl A X e ARG
W, BOAE T PR AR T RS BE Y AT FE

5 ) %S R AT LA ACP1000 4 8 115 $2 Ak
P, X PIPESTRESS F2)7 7 AP1000 %3 T F2 H1 (1) Jif
HEABRKNSHZNE.

EEpdE

[1]  DST. PIPESTRESS Theory Manual[Z]. 1985.

[2]  DST. PIPESTRESS User Manual[Z]. 2012.

8]  ZWE. ARITEREAMSERF M. Jbat Bl
Jitit:, 2004.

(4 TR, BRI, A SSRGS BT
[J. #3h )T, 2018, 39(S1): 119-121.

[5] RCC-M—2007, Design and Construction Rules for Me-
chanical Components of PWR Nuclear Islands[S].

[6] Framatome. SY SPIPE 234D User Manual[Z]. 2005.

[71] GB50267—97, ¥l HUBITHIELS].

(8] 7PN, M. TACHCHE R L I R SN T4y
WrS5PEE[. AR, 2013, 36(4): 63-67.

[9] OLEG K. Parametric Study of Flexibility Factor for
Curved Pipe and Welding Elbows[C]//Transactions,
SMiRT-22. San Francisco, Cdlifornia, 2013.

[10] US NRC Regulatory Guide 1.61, Damping Values for
Seismic Design of Nuclear Power Plantg[S].



