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Fig.1 OLP embedment. (a) plan view; (b) lateral view
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UNITS INCH KIPS RAD FAH

PRINT GENERATE OFF

$===== GIET L&

JOINT COORDINATES CAR

GENERATE 33 JOINTSID J1'1 X DIFF O,
32 AT 05 Y 24 zZ O

REPEAT 48 TIMES ID INCR
33  YINCR —0.5

$===== A1 ET

GENERATE 32 ELEMENTS ID 'E1'1 FROM J1'1 TO J2' 1

TO'J35'1TO"J34'1

REPEAT 47 TIMESIDINCR 32 FROMINCR 33
TO INCR 33

MATERIAL STEEL ALL ELEMENTS

ELEMENT PROPERTIES

'‘E1'TO 'E1536' TYPE 'SBHQ6 ' THICK 1.000

1E Microsoft Excel ¥145 N[} VBA JHIAIE =
G Tl 1) 2 AR BERR FP E0 4% LR T RE: X GTStrudl 55
AR AT I AR, IR PR A (1 3
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PRAR, PRI G 2RI T B A TOLR AT 415
ot J S0 SRR A ) 2R 28 S A A2 2K
N2 AR 0 AT IR TC 4 SR AT A ) )
VBA f4h5:
Do While Not Mid(txtCard, 12, 9) = "CALCULATE"
Line Input #1, txtCard
If Mid(txtCard, 9, 7) = "LOADING" Then
LName = Mid(txtCard, 9, 40)
For j =1 7To 9: Line Input #1, txtCard: Next j
Forj=1To NOA*2
Line Input #1, txtCard
Vx() = CSng(Mid(txtCard, 26, 11)) !
U 9 R A B
W(j) = CSng(Mid(txtCard, 42, 11))
T(j) = Mid(txtCard, 58, 11)
If TG) = ™ Then T(j) = O# Else T(j) =
CSng(T())
Next j
End If
Loop

REIF IR 2> UL 2,
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(a)

| Member Force of Coupler | Member Stress of Coupler
Ve | A M, | M, | Axial| Ss¥Y | sz | By | BZ | Np | Ny
LCI 211 107 405 -242 124 339 -1.12 -221 1263 -648 17.58 -10.81
LCl 211 107 405 242 124 339 -LI12 221 -1263 -648 17.58 -10.81
LCl 282 043 1576 =322 051 1318 -045 -295 1682 -2.68 3021 -3.83
LCI 282 043 1576 322 051 1318 -045 295 -1682 -268 3021 -3.85
LCl 292 036 21.14 =335 042 1768 -038 =307 1746 -221 3528 0.8
LClI 292 036 2114 335 042 1768 =-038 307 -1746 -221 3528 0.8
LCl 258 186 906 =296 =212 757 195 =271 1547 1106 2659 -11.44
LCI 258 186 906 296 =212 757 195 271 -1547 11.06 2659 -11.44
LC2 143 066 476 164 -072 -398 069 1.50 -856 376 537 -13.34
LC2 143 066 476 -164 -072 -398 069 -150 856 376 537 -1334
LC2Z 092 052 607 106 063 -508 -055 097 =551 -327 133 -1149
LC2 092 052 607 -106 063 -508 -055 -097 551 -327 133 -1149
LC2 048 079 502 -0.55 0.94 420 -0.83 -051 288 -489 987 -—1.48
LC2 048 079 502 055  0.94 420 -083 051 -288 -489 987 148
LC2Z 125 066 582 =143 =072 486 069 ~-131 749 374 1323 =35I
LC2Z 125 066 582 143 -072 486 069 131 =749 374 1323 =351
LC3 005 051 203 =003 059 170 -0.53 005 015 -3.06 476 -136
LC3 005 051 203  -003 =059 -1.70 053 0.05 015 306 136 _—4.76
()

Displacement Rotation

LC D, | D, D. R, R, R.

LCl 0.000000 ~0.000060 0.036580 0.000580 0.000000 0.000000

LC2 0.000000 -0.000120 0.001740 0.002850 0.000000 0.000000

LC3 -0.000390 0.000000 0.000000 0.000000 0.002770 0.000000

LC4 0.000000 -0.000120 0.073160 0.001160 0.000000 0.000000

LCS 0.000000 0.000120 -0.001740 -0.002850 0.000000 0.000000

LC6 0.000390 0.000000 0.000000 0.000000 -0.002770 0.000000

LC7 0.011280 0.000000 0.000000 0.000000 -0.000060 -0.000150

LCS 0.000000 0.010850 -0.000030 -0.000020 0.000000 0.000000

LC9 -0.001210 0.000000 0.000000 0.000000 0.000000 0.000920

LC10 0.000000 0.000060 —0.036580 -0.000580 0.000000 0.000000
(c)

LC
Data LCI LC10 LC2 LC3 LC4
Max of ¥, 2.923999786 2.923999786 1.425999999 0.107000001 5.847000122
Max of ¥, 1.861999989 1.861999989 0.791999996 0.736000001 3.724000216
Max of T 21.13999939 21.13999939 6.072000027 9.565999985 42,27899933
Max of Ny 35.27944946 11.44058037 13.23383999 8.83425808 70.5588913
Min of Ny ~11.44058037  —35.27944946 ~13.33553028 ~8.83425808 ~22.88116074
Max of Stress 130.8930054 130.8930054 54.47949982 62.63679886 261.7869873
2 5T Microsoft Excel [ VBA %2 4bFEFE

(2) BE GTStrudl VHERFIN RN 55 (b) HC GTStrudl THE IR 5: () THE SR Bk
Fig.2 VBA macro procedure based on Microsoft Excel.
(a) reading of member force and stress results; (b) reading of displacement results; (c) analysis for calculation results
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Fig.3 Sketch for embedment A.
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Fig.4 lsometric view(a) and plan view(b) of FEM model.
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Fig.5 Concrete spring stiffness curve.
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F1 FuRH AR
Table 1 Capacity for embedment A.
A BRIV 3 3 AR A
OLP Fsff Capacity of embedment plate Capacity of embedment rebar
OLP type
embengr)]ent PPz Kips P15 Kip-in H18 Kip-in - $i4s Kips $1% Kip-in H18 Kip-in 185 Kips H1ES Kips $Hi#l Kip-in
To /kN My /KN'm My, /KN-m  Tg/kN Mys /kN'-m My /KN'm Vi /KN Vs /kN Mg /KN-m
A 30.9 223.0 194.0 105.3 991.3 698.3 82.2 87.8 785.3
(137.6) (25.2) (21.9) (468.5) (112.0) (78.9) (365.6)  (390.3) (88.7)
F 2 TURMH AEHIEIMTE
Table 2 Controlling design loads for embedment A.
OLP fiisiff: B9 Kips 8977 Kips $7 17 Kips 4 Kips-in 54 Kips-in 4 Kips-in
OLP type embedment F. /KN F, /kN F, /kN M, /KN-m My /KN-m M, / KN-m
A 16.5 258 20.2 141 204 7.7
(73.4) (114.8) (89.8) (1.6) (2.3) (0.9)
£3 FEH ABEREZER
Table 3 Interaction ratio for embedment A.
- Tz Embedment plate %% Embedment rebar
OLP TLi2f 23 (1)Equation (1 23 (2)Equation (2) A3 (3)Equation (3) A3\ (4)Equation (4
OLP type embedment 2y 2((1)Equation (1) ~3((2)Equation (2)  Z~x\(3)Equation (3) 72 x\(4)Equation (4)
(max=1) (max=1) (max=1) (max=1.2)
A 0.78 0.24 0.37 0.61
4 EE SE

AT OLP BEFRBLAF GBI A A B
GiAET VBA ZACPEECRMIAT IROCBEHRE Y, 15
R 45e

HRAE A B A BT Uik, 54 GTStrudl
ARIT TR, RN ) AR T 45 R
K o

] E i GTStrudl iy Ui AR 3R AT 1
BANTHS, JFEI F i) Excel AL BEREFRx v 5
S5 RAEAT AL B, W] DABRIZ AT 2 U R G 9 A BT
DU PUBTRIGUHIAR ), JRATmE R . %07
IETAE L AR, O TR

B SR P R et B PR R RN I
B, I NARYERE ACI 349 IR e vH -4 87 (1 P BY
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35 Tl £ 53 145 OR AR BE
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fif— e BB I, TR A
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OLP embedment design method research for AP1000 nuclear plant

LI Cheng LI Shaoping LIU Jianwei

(Shanghai Nuclear Engineering Research and Design Institute, Shanghai 200233, China)

Abstract Background: One of the most advanced nuclear power technology, the first AP1000 reactor is under
construction in China. Modularization is one of the main characteristics for AP1000 nuclear plant building. Module
wall with steel face plate is used instead of reinforced concrete structure wall. A number of OLP embedments need to
be installed into the module wall to connect other structures such as pipes, equipments, operation platforms and any
other component attached to the module wall. Therefore, the design of embedment is very important in AP1000
structural design. Purpose: A finite element analysis method and tool for embedment design is needed for
convenience. Methods: This paper applies the self-developed GTStrudl command template and VBA macro program
for embedment capacity calculation and evaluation based on Microsoft Excel to the embedment design. Results: A
Microsoft Excel template for embedment design is developed. Conclusions: The analysis method and template brings
reasonable results and may provide some help and use for reference for the engineering practice.

Key words AP1000, OLP embedment, GTStrudl finite element analysis software, VBA macro program
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