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Abstract

To mitigate the ductility limitations and energy dissipation deficiencies in recycled aggregate con-
crete (RAC) structural systems, this research introduces a novel U-shaped prefabricated composite
beam configuration integrating engineered cementitious composites (ECC) with RAC. A finite ele-
ment model was developed and validated through the ABAQUS platform, benchmarked against ex-
perimental datasets. Parametric analysis was conducted to evaluate the effects of base plate thick-
ness variations on three critical mechanical properties: ultimate load capacity, deformation ductil-
ity, and energy absorption efficiency. The findings demonstrate that strategic dimensional optimi-
zation of the base plate significantly improves structural bearing capacity while concurrently en-
hancing both ductility indices and energy dissipation performance. Comparative assessments against
conventional RAC monolithic beams and ECC-only specimens under identical loading regimes con-
firm the hybrid system’s enhanced multifunctional performance. This work establishes technical
guidelines for sustainable engineering practices and supports the development of low-carbon com-
posite structures in civil infrastructure applications.
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1. 5|15

FA VR %E 1 (Recycled Aggregate Concrete, RAC) IS B FH J& [IUSCR] F B SRR 340« FARAIR R SR B RV
FSwHnREE TRz —, HHPURSREIG. Mork 5 SR R 7 TR, Mz, TK
KV Fe = & #1EHEngineered Cementitious Composites, ECC) B A 1EVE = . FEREAE fJuk. RLa%isHilge il =
SRS, T TR THME G R LA R JE R . {H ECC BRI L1 9@ IR Bk 1 1) 4~8 1%, [RIIN BL37 1t
THMEFE R il T M DACRUE S5 (] @t BR 1) 1 e B o ST APRMREE 25 AT X P A VR 1 (RAC)
5 TR EEE G M EHECC) B & M S H AT sUrEh sl i RERFIE I RGMEW AL, B RO I#AT A
s i .

ECC &4 )51, Maalej 5 Li 28 N[1]1%56% ECC M T A& R, FFFs I B E T & S
HARTR /1 Zhang J 48 [2]4E th ECC & &GN Bh T B3 i R v . ARt IR AIBA[3] [4]@ T X5 5
HIRBA, RGH#R T UHTCC 5 ECC HARIETUENIRE . #52RLR8 AL T Wi 14 J7 i 0 A LA, 5
P A AEM AR SR T RE A O R &R . BFFUER B, ECC JRARE BEFN B A B2 55 S 5o i s M Re B
HRERW.

RAC &4 771H, Domingo 25 [5] 38 ik K {1 B0 S HUR F o i 44 B B 3 R s 1 (6]
MR A JFE B BB tH RAC BRI AR BROSPAE[TIES AR 7T, BHE T & # 3T T RAC
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PETTIA B 5 Wi IR LA G52 Sk thAh, Pani Z5[813E T RIHREMENLAM, HSL T RAC PEREVEN K
R, NHTFEGEMN RIS S,

HET M, ASCIH T —F U Bk ECC-RAC A&, Wil Bl 0 BRI ER U A ]
ECC-RAC H &I E HERERI R .
2. U BYFiiH] ECC-RAC A RME R BUERETIE T
2.1. BEXHE

Wik 1 R, U i ECC-RAC HA 2l P E 2 M il ATl U 28 ECC 58k 5 BB
WRARE LI AR . S A PEAAK Ny 4100 mm, A 3SR A 3900 mm, AR SR 400 mm, e
FEN 200 mm. H, SE3 0 EE N 160 mm; Fid] U B4 SN 240 mm,  JERARJEE %A 60, 80.
100 mm, BEHR %A 50 mm; ECC. RAC #°KH 42.5 MPA JEJE/KYE, R 1 Fiw.

Table 1. Specimens list

#z1 HREGE—R%

. Wil ECC 7% RAC 45 o
i : 9 3 e L
AR B R
E-b60-3d18 60 50% HRB400, 3d18
E-b80-3d18 80 50% HRB400, 3d18
E-b100-3d18 100 50% HRB400, 3d18
RAC-P 0 50% HRB400, 3d18
ECC-P 400 0 HRB400, 3d18

HES e BEAT
- \g@1so | N\ ygs@l1s0 L\ gs@1s50
3| A HEL i gl 9|
S BER B o o N S B
- i | Ny R S NGRS % L “«;. NG
‘°T : "\34518 E-b60-3d18 = : ‘\ 3418 E-b80—3d18 T "\3¢1s E-b100 —3d18/RAC-P/ECC -P
& & &
25 25 25 25 25 200 25

200

(mm)

Figure 1. Beam cross-section diagram
1. REE

2.2. HRBEST

R, AR YRR LS, Tl U B ECC 5ok 5 N 3R\ s = 4E SR 575 (C3D8R) #E 1T
BB, AN U G T M 42 BT (T3D2) R . L E-b60-3d18 Jufsil, #A3tsy U A ECC 58, F/E
TREE LA AN E SR, B Sy, ANAE S . S LSS, K 4034 mm, i T
JNSFR 134 mm x 334 mm, ZE57 54K 4034 mm, 4R T TH AR 43 5] 254 mm?. 50.3 mm?. 50.3 mm?.
ECC 7&. FAREEL A, AR 4L LA R 0 RST 35 B 50 mm . IREEssi sy il A & T n gk for B e
Ui SCHENT ., 18I Tie ar ¥ H 5 U B G RBARGEE , S BRI R AL T] o 4 B 2238 1. Embedded
Region ik NiR&EELAAA, BT A SIREE LR ITh R TAE. fEME X IR, ke ERERAH 2 H
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GG MBS AR R SOEA B AL BB T 2 18 0 3E A (R RS A WL 5 S R m AT i

Z e 3 ECC MR 5 F A= TR E 2 8] ST B2 0 SERR R I, ARHE AT AR50 5 ST R, e &R RA
LhBEIN G, PE R ORI S 808 . Bk, AR R A Tie 290K ECC 5t 5REE K
O E YR E A . A0 R F 5% 7738 F o pr At (Static, General) o 781 A 2648052 1, A2 00 S A S5 D
B UX. UY. UZ =R#ahEHELR & RX. RY %3 H RS A0SR S8 E UY. UZ fifes
W5 RX. RY %3400, LA @& LA SR R ] S0l S 264

U=0,Rv=0,Rz=0  jjp#R )5

U=0,URy=0,URz=0 RAC

U=0,vr=0,Rz=0

Figure 2. Finite element model and loading method
2. ARTRER MBS R

1) fEASCH, ECC RZPLAMIBERIR I EA MR, AHy KR 7] i AUH A :(30R

E.e E< gy
o(e)= op+Eu(e—6o), €&o<e<ey

@)

X, B NWIURIIIERE (GPa); oy, A4 XHIZRIRE(MPa); & N4 XVIERINAL; E,, AR REALHT BU3H
PERCEE(GPa); o, ARFRHTHLIREE(MPa); &, i ECC ARFRFLNIAR o Xof T~ 3275 fA 5T 58 B A #EE 9 40 MPa
1 ECC, 0, H 4.0 MPa; &,y 0.00021, o, HX 5.0 MPa, &, X 0.03.

ECC 32 AR SR 3277 VR A [958 th i Al T 4 r 2 N ECC AR AKIRERY, 87y - MiAZ
LT LM, W 2 R, AR AT AR Q)RR

20,
ec0
&e ' & < Eeco / 3

‘geco

_ZUeco +(0'eco — 20-600 J 80 — 8e00/3 y gec0/3 < gc < gecO
3 3 Eeco ™ Ceco /3

%(5)= 5 b e @)
0 )
Oeco +( ;c - O-ecoj(lsc—ecjy Eoco < &¢ S1.58eco
€600 ~ Eeco
Oeco _ Oeco *gc ~ S0 1. Sgeco <e, < g:cu
2 2 Eecu _1'5€eco
1280 + AT
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Ki: o WIEMEER JJ(MPa); &, 9 ECC IERNAS: g, AWEAE R RLT 0 LIRS s gn, IRPRSZ 8
A KT R SR ARE(E N 40 MPa () ECC, o, B 26.8 MPa, &, B 0.005, & HX 0.012.
MR Sidoroff [10]2E T AE RS M IR 42 H M A, ECC A RHA BB S 7 A 7 R ik 5 s v 4 i
SR ATHIFINHAT TS 2R, AR R A A e AE T 30 N 5 AR TC IR AR R — 2L
T L N B O RN Ty, B SR AR SR AR B O S AR N M AR RO, AT SIS B AT
MEBRAE. HFIAXWT:
dc =1- c/Ec/gc (3)
dl =1- O-I/Ec/gl (4)

Hrb, o, Moy 739309 ECC BRI MBESERIN /15 g, I &, AH I R 30 S s AR R B S 32 AE
2) RAC SR AR R XN A E AR, AHe ¢ 3] i PR SR
ax, +(3-2a)x} +(a-2)x¢ (0<x, <1)
yC = XC >1 (5)
b(x, —1)" +x, (21
A x FoRIRE LRI ENAE, X, =6, /6,3 & AR TAELARE T IINARE, &, BIHIEES
JiAZ; y RIREELRAS RS, Y, =0 /fy s o NSEPRZIEN ), f NEOBURIEE: Z%a 5 b
N AR B AR I E IE R 8 W% R U5

b=0.8(7.664r +1.142) (6)

FAR R B LAEZROIRAS TR AR SC R 5 i it LR AR — 3, ARSCRHA Xiao &8 A [11]42H 132
FLA R BARIT »

Yi =X _(C_l) X{s )

e x RRBEEL SRR, X =¢ /60 & NEPRRNAME, &, RITREE LIk B F7 B BRI s
BRI y, NIRE IR RSRE, Y, =0,/f ;s o AHN T, fONHPRRE: S8 c NSE LA IE
VIR 5H 2, HitaEr .
¢ = 0.007r +1.190 ®)
3) A A AR KA R FH ) SR AR S S PR Ay
{o-s =¢E,, & <e¢

Y 9)

2.3. $EBVINF

SRIBAE A SO AL S HUR T T VEIIE FA M, 53 M 2 A [12] R JE 10 AR TRt L B 4 DU A2 i
R, BT T BRI, - AR 3 PR, STHAMHTGE RN, B RIGS S 7 S SR
TERRAR LA - RO RS, HoR IR R IR AR 10%, A 2806IE T %4 PR oi s B 4
AT SRR A TALE v . B LTI, ASCR R AR S 800 2 AR R vl B0 T 542 U
it ECC-RAC 414 P02 MERE K BUE /4T -
3. U 7%l ECC-RAC LEE&EKE ST
3.1. FEHRREIA

E GG MW IR 5 A IR AR b, BN TRUKIBEE S MR ECC)E NSNS HIERTEL . A
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Figure 3. Validation of model rationality
& 3. =R ESIEMIE
3.2. tHERBESTNER
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Figure 4. Comparison of force and displacement curves of each specimen
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TR R BT 3 IETE . RERIRON EE I 2:

Table 2. Calculation results of performance of each specimen

w2 HRHMHRETEESR

A 5B A& E J1(F) (KN) B 7&# 1 (Fe) (KN) Fc/F LM RH(D) B BRI ()
E-b60-3d18 127.384 123.562 0.97 6.0909 11253.38
E-b80-3d18 128.376 127.092 0.99 6.0962 11365.88
E-b100-3d18 129.368 131.955 1.02 6.1014 11478.37

RAC-P 126.55 120.223 0.95 4.4174 6184.64
ECC-P 124.93 119.933 0.96 4.6075 13651.34

M EL 45 SRR, 2R AREE B 60 mm 38 % 100 mm i, 7&K % /71 127.38 kN R 3 K % 129.37 kN,
HMEZ) 1.56% (5F 20 mm JEZIE N 0.78%); ZEPE R % H 6.0909 fig/m £ 6.1014, MGHE N 0.17%, R
BREFE 5 I VE AR AR IR AH DT85 5 R B W AU A B 52 P58 1 o 52 B B M A2 4K, - 60~80 mm Bf i FERE A 11,253)
B4 11,366, HEIEA 1.0%, 80~100 mm P B A 141 0.98%, [H]H FLAy JELE AE A M 187.56 J/mm &3 R P&
% 114.78 J/mm, B SR 80 mm JG A ENF FH R BRAIK 38.8%, BARTEFIREEA R, (H i BE B N &
JERARAT BT B R R R RE 1 S AR RE R I

BE— BN L AR T R I, ECC-P #ELE 1 R AR R S W WSy T S04 T RAC-P, HIERIEFIAH &
RRDUKT . M T — R 4E, ECC-RAC &7 I M v RE T o 85 . R 4 ECC Mt
(ECC-P)[J e WL Wit /3£ % 13,6510 (B¢ E-b100-3d18 & 18.9%), (HILIEME 2 % (4.6075)1W N & F 1)
75.5%, T4z RAC #{4(RAC-P)TE AL (4.4174) S5 FE/E(6,1850) H HIXI R E T8 J5, HK#K /1(126.55 kN) M
THEG 2.2%. XFZEFETHRIPFPLE]: KR ECC il £F 4EMr N A 2 HI 24449 2, 1 RAC
O XN E B R ), —H W EIER “Hihn - KR DhResr X

g5 b, AR S RE IR i B o RE SR THE A R, (HAERae S5 MW EE 77 T A B2 . ECC 5 RAC #4
BHOALA e L RE I 38 SR E A, RSBt B R AR R 5 .

4, &Eig
AR — M AL Fi U 4 ECC-RAC &3 454, FET Abaqus A BR G715, $i45 DLR S8t
gEif:

1) JEARJE BB AN(A E-b60-3d18 %] E-b100-3d18)%f k% f1. FEMEMIAE B AE 1A BRI, E-
b100-3d18 HJUEAE far % Lt E-b60-3d18 $21mi 1 1.6%, IEPE REFNEe m WA Frslhn, R B %0E 1R AR Be
PSSR RE S FETERfE BRI AE

2) ECC MRMEFETF 45 # 2 ME FIRERE 7 T R I B BAR 3, 17 RAC T PAAR e A A S R 4 € S o
R A . U BT ECC-RAC A& RAELEM: | fe R SCR & ) 77 THAR T4l RAC 214l ECC %2,

3) U Z4Fiifi] ECC-RAC & R B m it TREN G g, 1& FH T4 (o SR PLR TARE A

E&WmE

BT WA RS R AN TR 2E G 2 T M TR AR REAIE 71 (2023-K Y QL-033) . Jb i i LA A R TR A
FRHE TR H (RZCA500620220001) = #RHAE (2021) 91 5. H8k— RAERSE — TREA R A A RHL
i H (2022A-041).
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