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Mechanical Properties and Manufacturing Process of
Grooved Perforation Sandwich Composites

FANG Hai, LIUWei-qing, WAN Li
(College of Civil Engineering. Nanjing University of Technology. Nanjing 210009, China)

Abstract;: H— 60 PVC foam, four-axis E-glass non-woven fabric and vinyl resin are selected to
fabricate a type of reinforced sandwich composite as grooved perforation sandwich(GPS) by the
advanced vacuum infusion molding process (VIMP). The interfacial structure between the face
and core of GPS is innovative because of the acuminate grooves in both sides of foam core and the
holes perforated along core’s height. The fabrication results show that VIMP is a high-speed and
cost-effective manufacturing method. The shear and flatwise compression properties of GPS are
enhanced by the resin column inclusions. The typical flexural failure modes of specimens are ob-
served. The flexural stiffness and ultimate loading capacity of GPS are studied by ordinary sand-
wich beam theory and the theoretical data tally with the tested data.
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MERKBRREMHMESH R ZEBTTIARIBENEHERCNEE RE. EFmeE Pt
). BERABRE . @S RERRSHL TERNENERESHEBHEE AT RIBERRD
FHRE.ER MG ERAGFREGHHENFARR URABENRAUPIM Visby 5, K
3m. R EREREORE . FEMEEERSERENGIRASHAESSARBIZHENE
AMHEEEH Y. B . 2EBEL2ARAATSFANEEAMHEREZEHHMRRD. £RE
RAKEHETRE XMATFARBIZHEHANE HAZLEAMBAHLE. E2HAE. £
EBRAALE¥FEXERAESRARBIZ KA ABERARS HER.ETER BEASF
FRBHAE . ERE ANESHNBERE ZHHESHE . MERALENSHBANN R
EFMKL AT RELEHHAEHMBTN G BREFOTENR RFR B BN B
HRE BERHAASSAIZREMSREAREMHNESMHREZENENBRENGEHTIR
SAEaHLd TEaNE. W . AXEEEEAMHEBEMEH S ST RMERM L, &iTHH
BTESGESFARMI Y/ S EE (grooved perforation sandwich, GPS) & & # & & B 4
B MEES FESHEHRRESESHTTERHR . FUAZAXZRELTM T HRR
AENUMEHEERFEERAMAMERBHE NA.

1 HEILE

1.1 SE#HE

BRI LS (LB ALTARAFETH 01 -PEEEZHERNE. TE 1.2%
(R BB T AL ZEMEKP)EREAF B A ZEXXAEAENERMBERLA
A= H) 800 g/m® Mk [0/45/90/ —4SIHETE AL B BB £F 4 17 s PVC #L UK . Hs 84 DIAB A @ 4719
H—60 PVC 01K , % & % 60 kg/m?.
1.2 AZSAIE

ALRFARAMAZESABRBMTIZESAFES LA 1. EER LRKSHEHEFH 800 g¢/m’
a4y [0/45/90/ — 45 JHEIE ST B BE 4T 4 47 , FE AL [ 0/45/90/—45/0/45/90/ — 45 1 B . RIGTEH £
HAEBL . TERAVABEXHENSEEEBEE TR FILAN PVCEREKLH , BEXKBEKEH S
TRERENEEBEAEA(LE D . FRRE LEES . BRA . BERAESSERTH £k
HMESHIEBRP  ZHEEMBITERSKEERATEREEEARSKA . FIBESRAI A M5
MBHBEBARER, YZHREBERISREE PVCRESHEDWBEREL HHIEEMEL KD
TREMFBAER L. 3 TFHXANZHEBRIERERK, BRI, R, ZWIEEER
T EAL . B, %R T F A E AL 2.
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Fig.1 Vacuum infution molding process Fig. 2 Grooved perforation sandwich
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A B R Z R T A E L R R R R A LR S PVCH
RSP R —E, BIFL P8 0% 2B B U R 2% S B A Ak AT R BB R W IE R 4 & T 3
HAmRS PVCHRIKEMNAE R, BE THRBA LTRSS PVC K SH AR

2 hEHEgEXR

2.1 B FEMEE R

AENERMEAMNXEEN T EGZRERME KRBT EERAH SEZ R ERRIERE
HWEH PVCHEKSHAR. Wik HBARERABELE N 8 730 MPa, hr iz & H 223.7
MPa. #3881, /5 PVC R EH MBS FESHEBERARRE L AR 1 TR, PVCHES
MRASMZAERMIEEERE RYRELHRET 9.2% . HYEETHRET 3.5%;F
EREEHEST 14.4% FEEELHERT 13.1%.

£1 PVCHXCHENSTEHEXBER

Table 1 Results of shear test and flat compressive test of foam core

Flat compressive Flat compressive
Shear strength/MPa Shear modulus/MPa
Specimen strength/MPa modulus /MPa
Test Average Test Average Test Average Test Average

Unreinforced 0.76 20.0 0. 90 70.0
1 0. 83 21.4 1. 55 78. 5

crs 2 0.83 "0.83 20.9 20.7 1.50 1.57 82.3 79.2
3 0.82 19.9 1. 62 76. 7

2.2 mEEENR

REXHKGCIHEIIFBEEN SBEEEREE SN EES = RE iR R (three point
flexural test, i FR tf) X 80 mm, B H 435K 150,300,450 mm. B E A 150 mm FIEKRE
B E/PER T BI R4 PVC ¥ M B VIR, 17 25 B 2 300,450 mm M= S E MR ER L
HEAAERZEEERFLE @) E=Z5THMTH P-BHMUH f #HZ LA 4(a).

ATHREABHEBREAHMMEEEHNAERE  ALRH&T 3 MUK E i R (four
point flexural test,ff) , & % 450 mm, R A=4AMBE R, KRR BBEIFE AR PVC K
MR, RN E PVCHREKSHSEBAEERAABFRE 30, AU SEthfr & —
BB A 4b). BE 4L, PVCHRKEBEEMNNB TR BEERERN E BHYH
BAARBABLY 2/3 6, F PVCHREEH MU ERUBHRR I E AER -—EP LB H
KROHEEEREE FEFABUEGBRE BAT —PBRBERES Y EBRBRHEE,PVCHE
KEMEEW R, EHRE - B P UBMATE TR KRR OEEELY 20 mm, FEEH 1/
20~1/25.

(a) Failure modes of three point flexural test (b) Failure modes of four point flexural test

B3 ARMBERES

Fig. 3 Failure modes of sandwich
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(a) Load-midspan deflection curves of three point flexural test (b) Load-midspan deflection curves of four point flexural test

B4 RRER BhABMA
Fig. 4 Load-midspan deflection curves
R2ZARRNAEHMERER HHP - HERE D X DHE
D = aAP3 —4a*)/48Aw (@)
e AIMBAER N XEZ B HIERE  mm;/ Hy il 8 52 A RIE ., Bl L R H9 B B mm; AP R fif
BB M THARRBUT N;Aw HEREEE APER T2EENAEHNEE  mm,

%2 AROATHAEER
Table 2 Results of four point flexural test

Ultimate Ultimate Ultimate flexural moment Flexural stiffness X 10 °
Specimen loading deflection /(kN » m) /(N + mm?)
/kN /mm Test Average Test Average
1 3.368 20.2 0.253 378. 11
GPS 2 3.318 20.5 0.249 0,251 475, 86 426. 44
3 3. 365 21.1 0.252 425.35

3 RTERESH

3.1 HETRE

BFPVCHIEKEMMWEEREMEN THBESEERNILZ Rt . BBEAEEREEMN L5
mm, H X F PVC KM ER 25 mm HiF 2 Bl ALBNEEL . THBEFLERRELES
AT RIS KRER N

D = Eibt;d*/2 (2)

KA E AP B EmRAIBEERE,8 730 MPa; o HIARFEE,80 mm;t, HE B4 EIRIEE,
1.5 mm;d HEEZEHEFE,28 mm.

ARG AEMII SN EEILME N 410.66 X 10° N » mm®, 5K {H 426. 44X 10° N »
mm’ £ 3. 7% . EEY 4.

3.2 REERHEHD
BRERKBERBRANKXBZEHBRBAM I F . EEAEARTHRKIERS o K
, o = M/btid 3
K :MAEHE,N * mm.
PVC KM T ZHB NS . K
7. = Q/bd (4)

KA :QAWH,N.
MFERPMEDN 2 EEHRFELF
(DY o=M/byd>o0, (o, RAREBA R ERZEERIEFREE FBEIELERHRERE
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R BR. IR RS AR, W B AT 4 AR G R B AT P AT RAR A
P, = doubdt;/l ()
(2)Y 7,=Q/bd>1, (7, F/R PVC f KM Z TG RIBE) . PVC KO M 5 &4 8 VIR,
MRE= A UAT AR WHPVCHIKEHIERWIIFR Pl RAK

Pl = 2t,.bd (6)
B ERBARLMEURBERG), (OREBWHECHENTFTEI. X 3ITR,.EE K 150,
300 mm =S EMARHRBRARACESEMNEFE—TER. AN 10.3%,38.8%. @it

SHAHEER M AEEERESMBERERMEZ TN KB EF R @RS PVC BIKEH
ST REZBERE AT S B S 1% PR AT 8 R 5 B 5 S (B A B A B8 3K (450 mm)
B = T 3 2 o B AR R e R IR (5 SR B 39 W) & A X R IR 42 S 0 U2 R T G ] B
FEBEAGEEREE SN REEHRRABRNAEERFN IRIRAKE.

%3 ARGRENXHESERME L

Table 3 Comparison between theoretical and tested ultimate flexural loading capacity

Ultimate loading /kN

Test mode Span/mm Failure mode
Test Theoretical Difference/ %

150 3.372 3.718 10.3 Core shear
Three point

300 2.272 3.154 38.8 Face yield
flexural test

450 1.993 1.971 1.1 Face yield
Four point

450 3.350 3.320 —-0.9 Core shear

flexural test

4 it

LEZSFABRBIZAHEEER REBER ECHERY/ RERE M KBS WM.

2.PVCHIREM RE M S RGREET MEA AL EL B AERERE TR T
PR i Bl 1.

AR AN R EENOI P ESERIBEBRMNN PVCHREE T —ERB. A
BHEMZHERMIERE PVCHIKEHER THEER.

4. SERBRAEAMNREEHMNSHEIEORBAEEROEESKBELEHHERE
#OHERESIMEY SR

S A HMBAE MM KEEMZ TN, 5 R E B 4 @ RUE i F1 PVC KRS M 5T JIa
B T F 2 g 9 2 R I TUAG O IR 2 7 4L
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