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Shape Optimization of Rebars for Concrete Based on Neutron Stress Measurement Technique
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Abstract

In order to clarify the influence of the bond characteristics of free-form reinforcement on the adhesive performance with
concrete, neutron diffraction bonding tests were carried out on six types of metal steel bars with different node angles and
node spacing. The results showed that the node spacing has a greater effect on the stress distribution of the reinforcement
due to the change rate of anchorage length caused by the node angle and node spacing. In addition, the stress reduction
gradient tends to become gentler with an increase in node spacing.
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Table 1 Experimental Level <)Z]r zom: 3 80
\ (Unit: mm)
Parameters Shapes \Unbonded region \ 3DP Reinforcement
Rib angle (°) 45°, 90° Thread cutting (Maraging steel)
Mean rib spacing (mm) | 3.0mm, 6.0mm, 12.0mm Fig.1 Schematic Diagram of The Specimen

Table 2 Concrete Materials Concrete casting direction

Materials Types and properties & 5>
Water (W) Deionized water 2
Cement Ordinary portland cement
© Density : 3.16 g/cm3 $ LJ‘>
Fine aggregate Land sand from Oi river
O] Absolute dry density : 2.58 g/cm3
Coarse aggregate Crushed stone from Ome
G Maximum particle size : 10 mm  Absolute dry density : 2.66 g/ch
Chemical admixture (Ad) Standard type

Fig.2 Image of formwork and pouring procedure

Table 3 Concrete Mix Proportions and Properties

W/C | Gmax | S/a |Unit Weight(kg/m>|  Ad Air | SL |oc (Test day) | o (Test day) | E (Test day) | oc (28 day) | E (28 day)
(%) [(m) | (%) |W|C|SsS|G (2 (%) [ (cm) (MPa) (MPa) (GPa) (MPa) (GPa)

60 10 46 1751294 808|993 5292 5.6 [18.0 28.88 2.04 21.4 31.04 26.7
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Fig.4 Stress Distribution in PC Steel Bars
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Fig.5 Stress Distribution of PC Steel bar
Calculated by 3-point Moving Average
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Fig.6 Linearly approximated stress distribution in PC steel bars
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Table 4 Anchorage length and average

bond stress at each level

Parameter Ancho(flit:)length T (N/mmz)
a45 1L3.0 110.5 4.00
a45 16.0 135.4 3.26
a45 L12.0 141.1 3.13
a90 L3.0 131.0 3.37
a%90 L6.0 120.1 3.68
a90 L12.0 142.7 3.10

KA d Z2RKD, KQ)E 0 HEOT 4 e 25
L7,

FEFEIZ RESA CHIE XA #PHIL Fig.3 (-7
AR S7 (gage volume) TH Y, AF AU v DY o1
ABILORTZ TN A—XOIRIZLVIRESIND,
F7o, BTOTHRIIZOEREO M E L THIHS
b, 72¥, AU CHIET A ETEIZA10)HE, H
HFOWEEF 159 A, AFAU v hoH 1 XE
10x10mm, 7 7 /v 2 J A —Z OIEiE Smm & L7z,

24 EEBRERB LB
Fig.4 121, RESA IZ LV HE SN OT oA
L 0B L7z PC SR OIG T4 A7 Gt L8R A0S 77,



2024 fEE HOARJFF BT SERR FEREAE « BB TTEBR SRR S A LRI SE

[2024105207]

RS AT 2 X 0k £ » (X=0mm) 7> 5 O FEEE) %R
4, £7-, Fig5121%, Figd OFiH 4% 3 B8 i+
HZ LIk 0B L PCHIREDIS 155 2R,

XD, EAEN PC SHEDIS AT KIES
WENCEH T 5, Figs L0, HAFE 45°8 L OH
A 90°1Z 33T B IG 115347 DWW A I3 A lE R
& 725, LN T, EifREENMMRM o114y
T RIETHBIT NS W EHEER SN D, £, &l
b 3.0mm DA, I AR IXE AR 45°0 M
Kx <, HilfkR 6.0mm OEEITI W CIEHEIAE 90°
DFIFHRKREL, HiR 12.0mm OHEAITEBNTITE
Lo bREBEOBEmME D, DL DI, EAENEH
SRS D AT I BT TR BT EIRIc L 0 B n 2
LR ST,

Wz, HifEE2s PC SIS ) AR R IFE 3 2
ICERB AT 5L, Figsilck v, SOOI
I TP AR AR N 72 DAEINC B 5

FROBREFEMKETT 5720, /RS OfF%E
DAEBEIT, TR Z T, SR8 S 534
WCRAFE TR E X0 IS ET L7z, Fig.6 1% Fig4
DOFE R A IR, U T8k f5 I J15345 T 5., Fig.6 12
%, BRI RS L O R FOMHE Z O TORT,
£, BT U2 8AIS 54 & 0 B LI @&
EB IO &R T % Stable 4 [ ZRT, & 512, i
Wb & B AR OBR % Fig7 |2, Hifa i L B4R DM
2% Fig.8 |Zd, EEEIX, Fig6 (R TITE#RIC
BIF 5, X=0mm 550301272 H00EX Y1) E
TOWHBEE Lz, £72, FEMFEISINFTKGIT LY
B LT,

IsSg
t= L, ()

ZIT, Is: M ~OE NS S)(MPa) , Sk : fiT#
M OWEFE(mm?) , P : 58 O E(mm) , Ly : E
7 % (mm),

Fig.6 33 X O Fig.7 £V, HifkREOHEKIZEOEEL
BOBEEX, TobbL MBS NINETL, E5E
DRELRDZENGND, EHIZ, Fig8 IZER %
T5L, HAELEEEOMRII-FHTIIRWVD
DD, FAENMIEMEREICKIETZ EN/hENnT L
Db, 22T, BiAEICL D EEEDELRIT,
HiRIkE 3.0mm (2B TH) 0.46, HililE 6.0mm (23
WTH 0.34, il 12.0mm 2B W TH 0.04 Th
v, HilkRIZ X5 EEEDOEILFEFig7) & g L/
SVMEE o7, 2, B ) — kD
I RE N E A EIC L W e 5 2 LICIEINT D & HE
BEIND, BAEN 4°KEOLHA, Binar 7 U —
k& LR DERIC X 0 BN AT e, —J7,
FiAED 45°LL LD, fifllo a7 U — KA
JHEREC SR U, i Bl & 70 5 1, KK
BRICBWCIIEIAE 45°F LT 90° & KHEL LT
HIEND, a7 Y — N OEREIIERRLE &
RAHZEMTHREND, LI -> T, BiAENE
PEREIC RTINS o Tn L HEER S D,

— R IEFEATIE PR

3. F&EOH

AT B CTHPE RT3 BR 3 E & S

LT R E LR ICRT,

1) HifROBEKIZEWEERENMET T2 &%
Rl Lo, £72, Hif@OEKIZHEWIG T4
BL RN DS S D,

2) HifAELHMBICX2EFEOE(LERIZLY,
EAREIRE OUE D A TRAS D I5) 55 A0 12 RAE $
ITREW,

Bt

AAFZEIL JSPS BHby JP20H02302, £ 66 =177
FERSEEMIER ORI ZZ T 26D Th 5.
£ 70, AHFEOPVETEITRERIE, 2022 FEB SO
2024 - H ARG 1 SRR E R FE R - BB it
ZEBR SR i ek R A L [RIAF e GRAEE R 5 : 22045,
2024105207) & L CTHEfi L7z, & BT, AHFIED EfE
272V, AR DRI RV, 28
I ETRIED, 2 < DEERED T 1 &2 W e 72 vz,
IR L TCHEERT,

SE XX

[1] E4ER, R - RSO HICET 20178, +
AREDTHCHEEE, No.202, pp.103-113, 1972

[2] A. P. Clark: Comparative Bond Efficiency of Deformed
Concrete reinforcing Bars, ACI Journal Proceedings, Vol.43,
No.11, pp.381-400, 1946

[3] AW EF, g o, FREFEIES: 27 U — R &gk
D5 LIIRB AR E2 288, a7 ) —Fh
TR R SCE S 4E, Vol 13, No.2, pp.127-132, 1991.7

[4] V. Mechtcherine, et al.: 3D-printed steel reinforcement for
digital concrete construction - Manufacture, mechanical
properties and bond behaviour , Construction Building
Materials, Vol.179, pp.125-137, 2018

(5] /ARG, SaAMR L, PERICE, MR % T EyT
B K o > gz M icgipa 2 Y
— N OFEVEREREAM, P A S G R SR,
Vol.86, No.785, pp.1026-1035, 2021.7

[6] Hamed M. Salem et al : Pre- and Postyield Finite Method
Simulation of Bond of Ribbed Reinforcing Bars, Journal of
Structural Engineering, Vol.130, No.4, pp.671-680, 2004

[7] P. Desayi, S.Krishman : Equation for the Stress Strain Curve
of Concrete, Journal of American Concrete Institute, Vol.61,
pp.345-350, 1964



