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Abstract

In order to improve the flexural behaviors of protective framework beams, reduce the section
height, combining HRBF500 and FRCC can form high-performance reinforcement cementitious
protective framework beams. Two FRCC with HRBF500 protective frames and two C30 with
HRB335 contrast frames are made to conduct overall process equivalent static test, contrasting
the load-deflection curve under different working conditions and different materials. The results
manifested that in the same flexural capacity conditions, beam height can reduce 27%; the
cross-in-the-limit displacement value increases 2 times. The usage of this new material is of great
application value.
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Table 1. Details of specimens

= 1. RBERMERRS

B o PISEE ST ARt HUE
e REREE TR T am . - ‘
REE RE EE 474 ey Ek £/ % (A
LGy 25 F1-PFRCC 170 x 270 FRCC 100 1.5%  HRBF 500 2.22% o A HE 42
P T F2-RC 200 x 370 RC 30 — HRB 335 1.35% r [ HE 4
Bl =X B F3-SFRCC 170 x 270 FRCC 100 15%  HRBF 500 2.22% o [ HE 22
Bl =X 2L F4- RC 200 x 370 RC 30 — HRB 335 1.35% r A HE 42
400 200 2500 00, 400
0 00
] S
o o
= |
N,
S
o ~
<3 SFRCC -
o o
e Q

Figure 1. F3-SFRCC elevation
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Figure 2. F3-SFRCC crosses section reinforcement

2. F3-SFRCC & mECHH

2.2. AR
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Table 2. The measured values of steel mechanical properties

= 2. WEFHFMREIERAIE(E

et ) JEIRIRE o, (MPa) WIREEE o, (MPa) 3 H Z— SYEEEE £ (GPa)
&' 541 676 125 210
712 544 680 125 213
F14 560 710 127 211
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Continued
F16 557 690 1.24 215
&0 560 710 127 213
@22 530 677 1.28 215
dg 378 525 1.39 201
d12 381 563 1.48 200
d16 394 512 130 201
18 399 557 1.40 201
20 392 540 1.38 201

Table 3. Mix proportion of FRCC
%< 3. FRCC NEER &b (FRELL)

RS KR TR IR WK 7K w L1 4 B/
PFRCC 1 0.3 0.7 0.05 0.42 24 0.028 AT~ ot
SFRCC 1 0.3 0.7 0.05 0.42 24 0.333 BHHIHN 1.5%

Table 4. The mechanical properties of FRCC and RC
= 4. IKOREMRIERE T M REIEAR

o) SEHTRPURRIE £ MPa)
1 2 3 SEYME 1 2 3 SES1E
PFRCC 96 95 96 95.6 31 32 30 31
SFRCC 97 99 95 97 35 36 35 353
C30 34 35 33 34 31 30 3.1 30.6
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Figure 3. Test set-up. (1) Single building type; (2) Accessorial building type
3.k fmEE. (1) 22X ) MEs
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Figure 4. Number of strain gauge and the place. (1) Bar Strain gauge; (2) FRCC Strain gage
4. NERMIRME. (1) WHEER; (2) FRCC TR

3. MK

H AR R BA RS WL 5, ANE F1-PFRCC/F3-SFRCC B #HEAZIE & F2-RC/F3-RC B HESE,
IR EE R = A BB L. 25 —FrB: FRCC/RC JFRLHT, Ak 585 i A7 B ol 2 4R A8 4k HLAZ R 38 nAH
XPEUN: BB FRCC/RC FF R 2400 AN e IR AT, BEE Al A%, MEZLRNIEE PR, A3
BHET—WBOR, S e AR 4k . =R B SCREALZHIIX FRCC/RC #EHIY, 4MF JE ik, &
BOBVER, #E—D gk, B2 HiX FRCC/RC #HZ, N5 e i, B A S il aar, temt 204
FERER ALK o ELA URRHE ZE A B A5 00 AT LG Y, P(S)FRCC HEZE 2 (2455 TF Je B H W i 2 2 F RC HEZE,
P(S)FRCC [1)5Z 7 4 44 JH 2R 4 A7 75 S JA8 TS RN 25 2 [R] FRDYE T P 5 7K U B A v F0) 2 24 A A4 PR 25 P e
AR, T RC 5257 88 A1 55 P e S A IO RS T (A B, B0 H /> HBEEE 58 FE K fEAE SR 20 1)
LEIX Ik, P(S)FRCC MIRIHLTTREMEH EL T RCAESE, (HI2 KM% R E b+ RC FEHL.
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(3) F3-SFRCC (4) F4-RC

Figure 5. Failure characteristics of specimens

B 5. SRR S E

%5 R S5, WA E; F1-PFRCC Y 660 kN, F2-RC }y 700 kN, FEA—3; HFRALE F1-PFRCC
5 97 mm, ifij F2-RC {04 43 mm.F3-SFRCC 5 F4-RC 7] 15 325U 45 5, B PR %% F3-SFRCC A 657 kN,
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F4-RC 7y 700, #BRA7# F3-SFRCC 24 110 mm, 1fi F4-RC W IRAIFE A 46, LLEH A AF B PR AL A2 (E
K, F1-PFRCC/F3-SFRCC APBHEZLZEMIIRIRAI #2479 F2-RC/F3-RC APBHEZLSEM 2 f50A b Hrf
F1-PFRCC/F3-SFRCC A B HESL 2 (15 iR BRI B8 e e nTIA #5421 1/21, F1-PFRCC/F3-SFRCC AP HESE
B9 1/51, W] F1-PFRCC/F3-SFRCC A B HESERE AT B4 1) AL T /e /7 - %I EE F1-PFRCC &5 F3-SFRCC,
JEEBEWNALE, R &, TR A RS /N

Table 5. Test results
5. IR

MRS PR, kN) JPREYZ A, (mm) RREE P N) WREYZA, (mm) bR mm)  BIRERL

F1-PFRCC 520 21 660 97 3 EFiiiRie
F2-RC 400 11 700 43 3 5 A
F3-SFRCC 527 19 657 110 1.9 25 A
F4-RC 453 12 700 46 241 5 R

4. BRTITH
4.1. BIRTTRE AR

W R EE LA T AT — R =R s E R, AEAMEAR[4]). UFRETEREN M
FBEEE, R B A, BRI, RS SRR MRS, B, JF
AN 5 TR e TR AR A B, AR AR T, My B U AL A A L, R RZE UK.
AR B AR, AU, B = 4ESEAR R Solid 65 Bt IR A0, A IAIFF#C link8 #oT
WA, LA A, Kl 6.

) @ 3
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Figure 6. Finite element model. (1) F1-PFRCC element; (2) F2-RC element; (3) F3-SFRCC element; (4)
F4-RC element; (5) F1/F2 bar element; (6) F3/F4 bar element
& 6. BRTTERIE. (1) F1-PFRCC B7T;(2) F2-RC 87T ;(3) F3-SFRCC #.7T ; (4) F4-RC #7575 (5) F1/F2
SMAREATT; (6) F3/F4 $NARETT
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4.2. FHKRER[5]
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Figure 7. Stress—strain curve
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A BR TG/ B o] AR BIAH OCRL I) A g B BUE (14 8 4 6), FiH F1-PFRCC AT 8 7K 52 F B B fi
#9690 kN, PFRCC it KJEN. 71292 92 MPa, o THEZEGE by TR, BRAE SR 2 S B8 SIS0 50 /IN Y L A
K53 X 38 PFRCC 5 B #aAK T bHfE,  244% BN B KRR 7728 5.49 MPa; HRBF500 (15 K
%7 680 MPa; 57T i KA TN 94 mm, LUNAERRZETHE KN 1/29. F2-RC BT RE A& SZ (1 H) PR AR
N 701 kN, THERE] C30 KRR /JZ 34 MPa, [RIRES, T-HELE G b fTHBE,,  ZL8% N A K B
7179 2.49 MPa; HRB335 [F& KHIR /) 422 MPa; B5H 11 SR KRN 40 mm, 2 RHESR R HE K
1/68. F3-SFRCC it A& 32 I PR %y 707 kN, 11545 3] SFRCC #5 KK 712508 104 MPa, 4% H I
I i KA S F14 5.37 MPa; HRBF500 5 KM 77 690 MPa; #5115 fid KA TE N 99 mm, £ AHELLSRE
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HELIT 5 KRN F774 2.49 MPa; HRB335 [HJd KHi N 77 430 MPa; #5075 fid KA TN 41 mm, £ 4HE
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Figure 8. Finite element analysis. (1) F1-PFRCC principal tensile stress; (2) FI-PFRCC displacement; (3) F2-RC principal
tensile stress; (4) F2-RC displacement; (5) F3-SFRCC principal tensile stress; (6) F3-SFRCC displacement; (7) F4-RC prin-
cipal tensile stress; (8) F4-RC displacement

& 8. AMRTAHE. (1) FI-PFRCC EHRF; (2) FI-PFRCC fi#; (3) F2-RC TR JI; (4) F2-RC fu#; (5)
F3-SFRCC FHIR }1; (6) F3-SFRCC fif#%; (7) F4-RC £HIF 115 (8) F4-RC i #%

DOI: 10.12677/hjce.2020.98085 810 TARTHE


https://doi.org/10.12677/hjce.2020.98085

BB, kil

Table 6. Results of finite element analysis

= 6. ARTOMER

g TR P, FFRBE A, PR AT E P, HRIREREE A, TR R L e
(kN) (mm) (kN) (mm) (MPa) (MPa)
F1-PFRCC 509 19 690 94 92 680
F2-RC 498 10 701 40 34 422
F3-SFRCC 502 20 707 99 104 690
F4-RC 496 9 704 41 34 430

5. WRESARTEXLE

RIS RAE PR T /B A A WA 7 AT 9. ATRUE Y, 0TI, HRB335/C30 APTHESER K]
RICEAA FRICEM) &84T, 11 HRBF500/FRCC A B HESE 2 (i S0 BN T A PR ICAE: X TR B,
P28 B HE 22 22 () B0 B A BR G YW & 34 o IXAERA: 13875 v53E T HRBFS00/FRCC A\ B HEZE 4
MR B RS (5. (EX TP AT 81115, HRBF500/FRCC ARG HESR R TP e BN TIPS, X —

., 5 HRBF500/FRCC W& MR M. &6 0F REEAERIGETEH:

Table 7. Comparison of test value and finite element value

7. RIGEMER TTEXLE

N FFRGE P, (kN) FFHBE A, (mm) RIRATE P, (KN) PePREERE A, (mm)
TR 56 {8 AR GE WIHE ARG E BIE ARG TR 56 18 AR GE
F1-PFRCC 520 509 21 19 660 690 97 94
F2-RC 400 498 11 10 700 701 43 40
F3-SFRCC 527 502 19 20 657 707 110 99
F4-RC 453 496 12 9 700 704 46 41
800 800

700 e .
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Figure 9. Comparison of p-test value and finite element value of protective frame beam
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3) PN LG AR PR A 20k, TEAHIRIIBC /B &, F1-PFRCC/F3-SFRCC A i HE 42 2 A T = ¥y
F2-RC/F4-RC A B/ HEZE G T = FE 11 73% (BRI AR 62%). BT EHE R - T80/ (1 [ 5 R & 1
NTHE S 7 2 B

4) F1-PFRCC/F3-SFRCC ABHHEZLZE ML IR #5208 F2-RC/F3-RC ABHHEZLZEMT 2 5L L, R
F1-PFRCC/F3-SFRCC AWy HE S 5% BLA 4 () AR T e

6. &t

ALK HRBF500/FRCC A [y #E 22 2 (1 25 il ) R ge k4T 7 A R ik E AR It 52, JF 5
HRB335/C30 NBHESEZE#EAT XL, AT UK IR
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