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Abstract: Due to the special nature of the safety level of nuclear engineering construction, self-expanding
mechanical anchor bolts for nuclear power engineering have been developed, for anchoring and
connecting medium and heavy structural and non-structural components in cracked and non-cracked
concrete. A digital detection system for self-expanding mechanical anchor bolts has been established. By
digitally measuring the installation torque at 100%, the installation accuracy of the anchor bolt’s
expanding sleeve is ensured, avoiding installation quality issues caused by human factors. Through digital
detection of the pull-out bearing capacity, the installation quality is guaranteed to be reliable. Through
multiple experimental studies and engineering practices, it is known that this self-expanding mechanical
anchor bolt achieves high bearing capacity connections, through mechanical locking keys, and has good
and stable mechanical , anti-corrosion, seismic, anti-fatigue, and anti-impact performance. It is also easy
to install, has good durability, and high reliability, and is suitable for use in the fixation and connection
of large-scale projects, such as nuclear power, bridges, tunnels, and highways.
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Fig.1 Shape and structure of self-expanding
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mechanical anchor bolts
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Table 1 Common types of self-expanding mechanical anchor bolts mm
o ’%ﬁi?fLEﬁéx ﬁ?ﬁ(%ﬁlﬁl BT B2 Ligaeiky) PIREE PIREEEYE TREERESY
W R Kz HEE JELjE K Kz Kz
CEEDI P/T10x150-20 20x107 100 150 M10 20 80 20 40
CEEDI P/T10x160-30 20x107 100 160 MI10 30 80 20 50
CEEDI P/T12x190-30 22x135 125 190 MI12 30 100 25 55
CEEDI P/T12%210-50 22%135 125 210 M12 50 100 25 75
CEEDI P/T16x275-40 30%203 190 275 M16 40 150 40 80
CEEDI P/T16%x295-60 30x203 190 295 M16 60 150 40 100
CEEDI P/T20%x360-50 37266 250 360 M20 50 190 60 110
CEEDI P/T20x410-100 37%266 250 410 M20 100 190 60 160
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Table 2 Measured value of ultimate tensile bearing capacity
5iH R SR
M10 M12 M16 M20
27817 GLYZRTEIN AR A IR A IR
s 4 b e C30 JREE L 53.1 72.6 140. 6 224
HRARBITFHE/N C60 JR#EE 1 52.8 71.9 139.2 227
N Sy €30 JREE L 0.03 0.04 0.02 0.03
HRRBHEFRR C60 R%ET 0.02 0.02 0.02 0.02
R . C30 iE#E 1 1 0.98 1 1
WB R AR ME C60 JR#E 1 1 0.98 1 1
Fx3 WMIRMBEAFAZNE
Table 3 Measured value of ultimate shear bearing capacity
5H R AR
M10 M12 M16 M20
eI FAM IR GV R 37N AWK MWK
N P I (BREUAL) 37.8 51.4 98.4 154
PUBIREBIIFHME/KN T (45 4L) 77 102 198 316
N — P I (R ) 0.03 0.04 0.03 0.03
M RPN RB TV (EEL) 0.02 0.03 0.03 0.03
x4 mEMHRE
Table 4 Seismic performance
SiH T =
M10 M12 M16 M20
BRI TRBE RN TR T HER IR B BEIR MWK
YrhiR % S/ kN 41.6 59. 4 139 224
# iR AR 5 R 0.02 0.03 0.02 0.02
7 i ik Zh e A 2 M fie
WKL A e BLRIRIE S R 0.16 0.13 — —
TR R AU/ ME 1 0.97 1 1
FiAEALES/ mm 0. 64 0.58 0.29 1.29
[L278i%-N LY ZRTEIN LY ZRTEIN LY ZRTEIN A BEIR
. Uy R S HE/ KN 36.9 50. 8 94.2 148
A AR A ] 2 2 b
AR AE S 55 U far 0 Ak B R SR F R 0.00 0.02 0.00 0.03
FAEALES/ mm 3.28 4.02 2.96 3.06
I TR - HfE AR TRBE AR A IR CIYV R 37N
BLhi RS HE/ KN 42.8 60.2 138 226
| PURLR# AR S R AL 0.05 0.04 0.02 0.02
B ok AR 5 A5 A AR &b
PRI IFEIIRERE e 5t 0.24 0.19 _ _
R R B/ ME 1 1 1 1
ik F/ mm 1.29 1.56 1.42 1.74
TIEIEES ) FVEE U BRECAE Sy 9l 4l [ 4 28 A Bk, 78 RS WRRIFEHIE
WA FIAT N R, HE = 1. 3 L E % Table 5 Ultimate installation torque
S, AR FER S BAE SRR A% 2 . ik S
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2.4 PUEoiMERE

P B fr 2K £30% PRI HEAT 200 J7 9 55 1050,
P97 JE AR AR IR ) =3 5 R MERT AR EH, AP RAL
AP SRR IR 6 FiR  HUe o5 PRl R 4F



128 Jiti TAHAR (h3E30) %54 %
K6 PIEFIERE *8 AR
Table 6 Fatigue resistance performance Table 8 Fire resistance performance kN
5iH ] 5iH T
) M10 M12 M16 M20 M10 M12 M16 M20
B K% 97 T 3/ kN 13 15.6 20. 8 28.6 far 2% 1.0 1.5 2.0 3.0
Fe/ N 97 a3/ kN 7 9.4 11.2 15. 4 HE PN 24 30 36 45
FEUEff 2/ kN 10 12 16 22 e BR$7 % T1 30 41 64 94
PRIF/kN 3 3.6 4.8 6.6
DEE 3 3 3 3 2.7 BT AMURNE
N j%;ffgﬁf ;;Oﬂ j;;;ﬁ j;;;ﬂ ;;fﬂ R K BB JE S G304 TR I R
952 55 1 A RE RS A h N 87N N . P S T e e
P 7. 79- 1406~  225- 0. ?me i, B J&*ﬂbﬂi%@ﬁw{aﬁi@ M 9
JRBSI/KN 53.1 72.7 1422 230 FioR 2SR IR AN IR AN 36 10 s, 23 T. 225
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Table 7 Shock resistance performance J
o iR AR
hifi e
M10 M12 M16 M20
-20°C 76~81 90~94 78~90 72~79
H Tk 112~126 104 ~125 127~140 119~126
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Table 9 Installation process sensitivity

TH M10 4ie M2 Gte MI16 4ie M20 e
e S FE (H SEME FHEE SEIME e SEIE
BLhL A S HE /KN =46.4 52.6 =67.4 72.2 =125 139. 8 =203 227
PHIR G A 5 R EL <0.05 0.02 <0.05 0.02 <0.05 0.03 <0.05 0.03
W R ¥/ ME =0. 80 1.00 =0. 80 0.98 =0. 80 1.00 =0. 80 1. 00
Bk HAR/mm 20. 50 22.50 30. 50 37.50
B FLIRE /mm 107 135 203 266
GEEVRE/mm 100 125 190 250




2025 No. 17 ZERRAE R TR AR & 5 R 129
R 10 LI EBEFAEE
Table 10 Installation spacing and edge distance mm
I H s
P/T 10x100 P/T 12x125 P/T 16x190 P/T 20x250

FRRIR 100 125 190 250
I 55 ) 300 375 570 750
Il L0 150 187.5 285 375

e/ )/ T 100/80 125/100 190/150 250/200

T/ N R/ 8] B 80/100 100/125 150/190 200/250
/N R 180 200 270 350
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Table 11 Installation process parameters
i H s
P/T 10x100 P/T 12x125 P/T 16x190 P/T 20x250
HifL HAE/mm 20 22 30 37
it L B4R/ mm 12/21 14/23 18/32 22/40

B FLIREE/mm 107 135 203 266
B EHAE/ (N - m) 50 80 120 300
PR EERSE/mm 17 19 24 30
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Fig.2 Process of digital detection
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Fig. 4 Installation of self-expanding mechanical

anchor bolts
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