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Experimental study on the resistance of the ultra high toughness
cementitious composites material-fiber concrete composite
targets subjected to twice projectiles impact

WU Ping, ZHOU Fei, LI Qinghua, XU Shilang, CHEN Bokun
(Institute of Advanced Engineering Structures, Zhejing University, Hangzhou 310058, Zhejiang, China)

Abstract: Ultra high toughness cementitious composites (UHTCC) have ultra-high toughness, good durability and excellent
energy consumption effect. These characteristics make UHTCC have broad applications in protection engineering. To better
investigate the penetration resistance of UHTCC composite structure subjected to second strike conditions, the basic
mechanical parameters of the UHTCC and polyvinl alcohol fiber reinforced concrete (FRC) were measured first. Then, a 25
mm caliber ballistic smoothbore gun was used against a cylindrical UHTCC, FRC and UHTCC-FRC composite targets with a
diameter of 750 mm and a height of 600 mm. The targets were subjected to two-time penetration tests of 550 m/s. The damage
data of the projectile and the three types of targets were obtained, including the penetration depth of the projectile, the abrasion
of the projectile, the crater diameter and area of the target’s strike surface, the crater depth, the number of cracks and the
maximum crack width on the strike surface. On this basis, the influence of aggregate, structure type and distance between two

strikes on the penetration resistance of UHTCC composite targets was analyzed. The results show that under the same test
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conditions, compared with the normal concrete and ultra-high performance concrete, the UHTCC can effectively reduce the
crater diameter of the strike surface, but the penetration depth of the projectile increases; the S0mm UHTCC placing on the
front surface of the functionally graded target can effectively reduce the cratering diameter of the strike surface; the secondary
penetration depth of the projectile is greater than the primary penetration depth of the projectile, and the crater area of the target
under the secondary impact is smaller than the crater area of the target under the first impact.

Keywords: ultra high toughness cementitious composites; polyvinl alcohol fiber reinforced concrete; UHTCC FRC composite

targets; second penetration test; crater area
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o BATIREE L5 AR 2L RN B )2 B TR A R Gl AR R AR SR A R AE)R Ok
B — L Iy () ook Ay 2 o SR T ER T RO R ELAG M RN o B AR A A, TE e e R S kA ™
Y MEPERIR, X254 PN A0 N RS Bt Re) B 1 ™ F R U AR R R 1) R W) Pk A AR TR AR,
A TREK R Z G #1F| (engineering cementitious composite, ECC) 5% i A5t £k, 7K g 3 42 & 44 Kl (wtrain
cardening cementitious composite, SHCC)!!| 5 2, Ji I 2T 4 41 5 /K Y6 # &2 5 #4 L (polyvinl alcohol fiber
reinforced cementitious composites, PVA-FRCC)™® 5§, UHTCC (ultra-high toughness cementitious composites )’
8, AU Ay A2 s AL RE 7 | BB HE WIS RN R SR I e 1, B AR SR B A R AT D S 2 R T
AL 40 R 730 5 | AR R T R A U0

H i ¢ T UHTCC (T h i R gE £ 24 b T/ RGE | AR ) s34 B iy UHTCC R AR s
JE 38 3 VB REE 3 B AR AT 50 R SEFXT UHTCC MR Y AERENNIK . Maalej 58U XT 1.5% 2 &I £F 4 Fi
0.5% FLT 4R IR A4 4 5 i) UHTCC MREAT T KRB BETE 300~700 m/s AR B AT 5T, K BLIR A4 T 2 ]
DAl UHTCC 3 A (4T v o R RE 5 WO RE g, () Bl 20 7 38 580 Af 1% 360 560 1 P 70 T R L 5 8L 1 1) )
T . BRI X B XU R R 4 AR AT AT UHTCC #4717 w4 15, & 8L UHTCC #4
BHOFERE S L T WA 4ETR B+ . 53 51, Zhang S5 3@ 2 % UHTCC AR . X 2T 2k TR 85E - A RN 94 7577 TR 6 1
M AT P R S, A AR T A9 21 AR TR 56 - A RN Al TR B - A, UHTCC B A 0/ . B ARMELT | W he
B AT B RE a5, I ELRB S R AR I WA B 0 4540 . LRI BEF ST A 2R B UHTCC ARHHEE T8 G40 Al
IREE A Mt s rdtehdGe 1. PURBICE AR KU, )48 UHTCC #MRHE R B A3 T
- 3E TR e B AR R Rk B s D e R O T AR AL O HLERAOR 23 1 I Y R AR R
R R HAR A T W TR B L, PRI R B RE ) A B A4 =y, PRI Queek 510 78 27 i 14 5 7K Je FE 4 Bt
i REE AR LR R T — A A RO X SR T TP e, iR 4 R R, 58 S A L,
UHTCC 414 8 B AT 4 BBt o i PR RE

WAL, H LR it T RE 2 52 B 2 Uk ot (0 U, DRI — S 2 3 TR BRE 2RSS A AE 2 R bty
far % T B R AT THF5E1 7Y, Gomez 58 JE T Forrestal 55227 PRI RI R MK S0 A0 e $2 10 1
Z W ity T SRR AT R BE A TS AL, I HLR FZ AR R BN 1 /N RS SR 22 AR A1 T R TR 3 T 304
FRITREE o i v 2528 7E Gomez 262 WF5E A 3L Al I, & 1E T S5 RT3 A R 2RI TR &
BN AR AT T R SRR LIS [R) b PR AR AR BE - A, R I R AR AV A S L A A T 1w 32
UAZ ISR ) 2 B A (R BE S o 53 b, BT ke LT A 1 i TR 5 - T LAAR 4 s HI B AR 5 — kAT i PO
) YR EE 1 o A 2T 2 A% kA 2 4, v PE BB TR 58t (ultra-high performance concrete, UHPC) Xf £ ¥ T
IS S RS RIS AT 4 R 0 BE 27 4 ) B i UHTCC FEAE Pk op il far 2/ E
PR T DAORFp S8 3 02 E 4054 R UHTCC il 25 17 X2 DI Re sk B fA, X H AT T 2R EE R
WSS, & ITREdh B SAARAEBUR IR T 32 C50 TREE R BAT Bl B i . S8, HAi¢F UHTCC
POBVRINAL A S5 A e ST 22 Uk oo o7 20N M RIF X A7 4R A8 A PR, [IRLik, W58 UHTCC #4BHRT UHTCC 414 4
RAE R AT 2 T B i R At AR e o
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ATCHE SEXT UHTCC ¥R | I 2@ Tt 2 3458 3R %5+ (polyvinl alcohol fiber reinforced concrete, fijict
4 FRC) #E4&F1 UHTCC-FRC 4 & ¥R T R AT d7 1050, AR IBCAS [R] 0 1A ) e SR 85 0 5 9K i ik X 1 3
HIREE L | SRR EE 1, 845 UHTCC MPLIRMITERE; e, Rt dr s el 2508 X mm T &
) [H] BE X UHTCC 414 FEAR PR e 0 52 i, LA UHTCC 280 BHE BT R Y 25 49 5 1 7 T 2 41k
ST

1 REHE

1.1 R rEE

K1 AR i A s i R, - eh
i B A E UHTCC 414 A, 044k ) ) 49 P
AT, KSIEEE N 25 mm W, MO R R
&3 m. %0 B TS TG
o BRI SR L PRPEOR B R R T

Target Velocity measuring plates

| \ Projectile Gun

J ORI . AR GRZLL 560 m/s 1Y FEEE BT R R
ST Fig. 1 Schematic diagram of test layout
1.2 FB{F

S T FH OB A - T2 T G R EE AR L JRK R R T 40% B SR AR IR ROIRK R L A BE R
2.5 @AY . KiAE R 30 mm-50 mm (1Y % i A (basalt aggregates, BA) I & (corundum aggregates, CA )
BHOKEN 12 mm, HAN 0.039 mm (9 PVA £F4E . 58 A RK . FRL R EURHE 2 1 B A G il
UHTCC., R 295 BE LT 436580 2 i A BHEBE + (FRC-BA) FI15R 20 B 2T 2k 1 i W - RLHE BE + (FRC-
CA).

%1 UHTCC #1 FRC E4H 7R RERE (kg/m®)
Table 1 Mass concentrations of components (kg/m°) in UHTCC and FRC

L JECHERT R ¥ 1K LA W TR K PVA
UHTCC 1405 281 2 0 0 390 26
FRC-BA 1405 281 2 1056 0 390 143
FRC-CA 1405 281 2 0 1103 390 143

UHTCC 5570 % 5 i 2C RN B FEALBEFE, Job IR A 1 B EER R OK VB L B BEIK A il 5k 7k
F1)F+E 2 min, BEJS IAGKEERE 2 min, SRJ5E PVA R4 5] I A GRZEHEPE Smin, 58 208 B £ 4 3 7 R
#%E 1. (FRC-BA Hl FRC-CA) H] JZC-150 A HEALIHE, o 1R & 4 00 B BEADRL . HLE RS A AT 4
5 min, ZJF S PVA i) 3 mine DA LA AP RHE R | Bl & HEITHERE . B AP, fF 0 R
WA RHERIEE S (6 h), TEAEH L URSUT — 2, DeSU ok 2w TS KB . DS ig iRk, I Dk 3=
Priad, ZEHEER TR E 28 d i, FEGERPE . Prhilibs T4,

F R SR AR KT 20 fis st nt, vl LLZNE 21 FU800, [R] i SR TE 560 m/s #)3 EE T NRE BT 224
. I SRR TR B A A, BAA R ST R 2750 mmx600 mm, il FH 4 mm ARG . A —3t
BEAL T 5 AR, BRI E AR 2 s, 15k UHTCC #; 2 525 FRC-BA #U&, — M| & A 50 mm
JEH) UHTCC J2;3. 4. 5 545 UHTCC-FRC 44 ¥4k, f1 50 mm J£/9 UHTCC 25 150 mm JE
FRC J2 B4 1, Horfr 3. 4 580 UHTCC F1 FRC-BA ZH J 4 2 4§, 5 541 UHTCC 1 FRC-BA 1
LA A R . % R BIR IR BE 5 /N sl 2 o TR B A A, X 2 5L 5 SR AN A% EAT T IRIR Y
R, 3. 4 SHEARM RS AN, WA 7 FORRIS5H
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l:“> Strike surface [F7] Basalt aggregates
i [:3 Corundum aggregates

T4-P2

(PR =t LB EE T ) e
Fig. 2 Structure types of test target

FRAP 28 K5 AT =Fp APPSR BE | HUhrsm B2 RN BE QSR 2 s Hih UHTCC BY4T R i BE i
K H 70.7 mm A9 5, FRC B9 HTH 58 B il 4R H 100 mm #9572 7 1, Jin 2% 3 %2325 300 kN/min.
UHTCC Byt B 4% 1K 3(a) Frs 126 B a1l &, 759 2/ UHTCC Fr i 77 i A8 g2 an 51 3(b) frs, B
PR T e BESCHR [35] v HEAE 0900 1 S TR AR U R A 2 ik B AR Hp 0 2 . FRC W H4 JR IR 4(a) BT 1Y
R B PEATIN S, 153 FRC PR F7 0 28 th2R i & 4(b). WA AL A H A hn 285 244 4 0.2 mm/min.,

#*2 UHTCC 71 FRC WA 5%
Table 2 Mechanical parameters of UHTCC and FRC

R PUESREL/MPa HUhLHH E/MPa
UHTCC 30.0 3.5
FRC-BA 412 3.1
FRC-CA 42.7 3.0

35

s MWM\
©
& 2.1
2
1]
5
g 14r

0.7

0 0.5 1.0 1.5 2.0
" 3 w Strain/%
(a) Uniaxialtensile test system (b) Uniaxial tensile stress-strain curve

K3 UHTCC EHEh it
Fig.3 UHTCC uniaxial tensile test

1.3 3§k

P BPIE SR A 5 R 30GrMnSiNi2A Ik A 4 8 = 3 B A9, Y K5 B i iR B 0T 55 1650 MPa,
25 mm WA & 5T, I L 580 m/s Al H i, SR AN 5 RSHINE S iR . SR ELAR 25 mm, Sk AR
FL(CRH) W 3, KARHL N 6, BEJR 5348 2 LN 0.14, JIFE R JE To b I, LA P9 SR H0A G PR RHE 4 3 44 i
i, P RS By 352.9 g,
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5L —— FRC-BA
——FRC-CA
£
s 2
@
5
B
5]
1F
0 0.2 0.4 0.6 0.8 1.0

Strain/%
(b) Uniaxial tensile stress-strain curve

Kl 4 FRC B #Ehi

Fig.4 FRC uniaxial tensile test

4——-——.

(a) Uniaxialtensile test system

CRH is 3 M20x1
—— /
// -
i, / ElE
/ / 7 mm ; E
52 mm [ 420mm |
90.0 mm
41.1 mm 110.3 mm
151.3 mm
5 BARGE

Fig. 5 The size of projectile
2 MRS UHTCC fmEHAI1EEE

21 HIEER
K H & B UR AR R E RS | IR AT | iR SRR A AR R R . SR B

# UHTCC #E4AKJ , 3 3 i BT 19 UHTCC #PRHE R BF e BT VIR R g i /R TR JF sl vk, I Hok 2t
PR BT SRR AT A BT 10 I, B T B RN A 3T . X — BRG] DAITEZE HU I 6 B 51

RN EUE A RS L ST o LU SUR &
Fig. 6 Process of the projectile impacting the target recorded by high-speed photography
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FRRAZ G i T AN [ UHTCC., FRC VLK UHTCC 414 MR 30 280, BAK 32 3 fiom: m Aok
PR, v N SRR, S RAT B S — R A RIS, H O RWIRE, D, N BETIRE, D N
B2 H AR (D=(D,+Dy+D,y +D i) /4, BARUE 7(a) FiR), S, 5 S b A & 5 R i il i 55 3 i AL
(8,=nD’/4, S i Photoshop HX {4 HR 4 i 5 i 7 3133045 th, AR 7(b) B ), N Al i i 51 28 L8055,
Winax IR ZBLIEE o L9 G5 BAR S O T AFREEA S5, P AR SR T o ¥ AR py 0 i g (e 1 2
AR, 2 S BRI, WA 2), g e — A0 1R 2 IR A 1 R A 2 K AT R .

%3 BUTE TRRRENERER

Table 3 Penetration test results of different targets subjected to dislocation impact

[EEhe ees mlg v/(m/s) r/mm H/mm D/mm D/mm S\/em’ S/em? N Wi/ MM
T1-P2-1 353.1 542.3 367 43 103 83.3 78.4 0 0.1
T1-P2-2 354.2 581.4 7 448 46 101 80.1 77.2 0 0.1
T2-P1-1 353.2 582.0 285 89 178 248.8 250.7 9 1.1
T2-P1-2 353.0 566.0 7 344 58 167 219.0 238.1 11 2.5
T2-P2-1 353.8 574.4 311 51 90 63.6 56.2 4 0.7
T2-P2-2 353.2 600.7 18 419 30 72 40.7 38.9 7 2.0
T3-P2-1 352.8 579.1 293 71 169 2243 257.2 8 1.2
T3-P2-2 352.4 579.0 174 329 67 127 126.7 129.5 9 1.2
T4-P2-1 354.0 580.0 335 46 113 100.2 110.5 3 1.0
T4-P2-2 353.2 581.0 12 329 48 139 151.7 160.7 3 1.0
T5-P1-1 3523 582.5 312 48 108 91.6 99.7 2 0.1
T5-P1-2 352.4 587.0 12 361 39 89 62.2 47.8 3 0.1
T5-P2-1 351.0 570.0 230 44 106 116 116.6 0 0.15
T5-P2-2 354.0 581.0 1 294 30 84 55.4 49.4 0 0.15

The damage area of impacting surface
caused by the first projectile

«

The damage area of impacting surface
caused by the second projectile

D=D+D+D_ +D

max min

(a) Average cratering diameter (b) Cratering area

K7 RIS T

Fig. 7 Target impact surface damage

3 XL TS — S BRI A A T s R R B DT IO BE, T LA B BR T T1 SRR AN, H Al AR A
DN 35 A AR 5 RS Y TR SR BE AR /N T2 — A iR o 3 X — BG4 B A s« SLITC AP JSCR: ey 3L 19
AR A b S A L AR AR A R SR BE L R T . — O T DR A 8 — & iR iy UHTCC
UHTCC 1 FRC 415 ¥4 , 27 50 Bl AR 22 SO0 2 0L 288 48 THT, Sk I 24 85 — 4 LI i v o S A
JIT 7 HE R IS D A 2 a X B ERBE T, 23 A A2 22 R S E, IR ARR 17 12 0 e B SR e 0, 93— T i, R AR
B — A A ) e o 2 (0T LT R R A TSR 32 A5, (ER ph T ARR PP A AE R B PVA 214, 23 BHLIESR RS
JB 18 5 PR TR T B o PR M S R RN B T T TR B /N T8 — A A BT 5 | AL ) T R L
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oy s MO 3 R A A A BEA T R ORI S . T A R AL S LA AN R R B AR
LA 55 L AN — A, DRI, SR 5# (A b ol ) BE D AN TR, R AR A IR D A — o 51 8 94
FUAR I S A R TE 2 Hoh By O — R SRR A EAR IR BE | H, D9 58 R S AR A A B TR
D, R — R RIS R AV T AR . D, N R AT S DR AV B AR

H=344mm
D~167mm -

H=367mm ~
D=103 mm

H\=285 mm |
D,=178 mm

H,=419 mm
D,=72 mm

H,=335 mm

' H,=329 mm
D=113 mm
N

D,=139 mm

(2) T5-P2
B8 MR AT B R BRI 5

Fig. 8 Destruction morphology of different targets subjected to the first and second strike

EE 1 RIS 2 AR M) SRR A B SR TR 255K B, UHTCC B30 3 171 A2 45 72 B 2 e /N T AR BBt %)
FRC, ELARUNIE 8(a) F1 8(b) Fi7R, X J2& B T I AKH B BHS 38 A k(4 i 1, {75 FRC-BA 1 FRC-CA L {&
) 240 B T A v R o AT R 0B R M BT A 2 (0 4 4% . B ot T2-P1, T4-P2, T5-P1 5 T2-P2. T3-
P2, T5-P2 Ay S i 5145 A B8, v LATE M, L UHTCC Ryl 3¢ 4 20 & ¥R AR AL T B BB FRC Ryl 381 Y
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YA AR A AT o J5 LA T /N I 200 5 T SR O /D 1) 24 4, (R H ISR 2 T UHTCC HAK, A s 8
BB UHTCC #1300 3 A ] DU S AR AR o i 5 B R IR/ N S ity 9 e

1R BIR IS FT, M R b B AN 1] 9 FF s, T AR H AR 1) UHTCC A i) 3 A B (A 235 iy
RAF, RAAERIE, TS A I S i &R, (FUR R & A LA FINI B B (FRC-BA
F1 FRC-CA) A Sk 3P 5 A w6 2 5, JF Hok 4B 7 — @ B I8 . 1] Il FRC-CA il FRC-BA $E{R7E
PR AR ) 7 1 B T UHTCC #44 ,

(a) The projectile after (b) The projectile after (c) The projectile after
impact UHTCC impact FRC-BA impact FRC-CA

Ko i8R I A

Fig. 9 Recovered projectiles after the test

2.2 UHTCC Wizt AE

K10 XF T T1-P2 55 T2-P1 T I AT 5 4T B R RAS, B FRC-BA JF4T AR 5 IFHUIR BE 4K
T UHTCC. FRC-BA FFHLHAEAHIK T UHTCC N T 40%, J& B T Z B A BRI A AR P T B .
Ifii 1] UHTCC Hin A LAk, DURAR T X 3 B C UHTCC, 23 FRC-BA 938 B £2 55 30%, H ik
55 1 I{Z A FRC-BA AR BEAHE T UHTCC ¥R 23 FEAIK 22%, BAREE IR ATREE 23 F%AIK 23%., X &
B T FRC-BA $EUA (438 5 5 T UHTCC HEAR, [ it i A 2 ok 281 v 5 38 10 b mT R 4 e A — s O
T

200 500
EZuHTCC 178 448 U/ UHTCC
E=FRC-BA 167 E=FRC-BA
160 400
g 507 344
E L g L 285
p 120 103 101 E 300
8 =
5 a
5 80r R 200}
E
S
40 + 100
0 I L 0 / 1
T1-P2-1 TI1-P2-2 T2-P1-1 T2-P1-2 T1-P2-1 TI1-P2-2 T2-P1-1 T2-P1-2
Test Test
(a) Crater diameter after projectile impact (b) Depth of penetration after projectile impact

F10  BoRbu s BAR AR B B2 R

Fig. 10 Influences of the coarse aggregate on crater diameter and depth of penetration
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WA T 5 7R YA G AR [R) LA e o 175 400 A DG SCHR 1) S 30 5508 , I X8 b4 B T LA [R] 38 2 o o A [)
YIRS AR 1) AR A0 R B A B T ST S BT AR, UL 11 RTEL 12, AL 11 ] LU H AH ] 5 4
T UHTCC MR MR 20 KT m i TR 5+ (HSC) i /i M RE IR % + (UHPC), X £8 & T
UHTCC ¥R 7A Bp 5 BE F1 i M A5 R A, LA K UHTCC ¥R b JCRLE B AETE . SR, AR 12 7] 240
UHTCC ¥R R AT 5 LT 5A 24%, YT AEE R /N A 50 mm J& UHTCC R i 2 416 AR 1 bt
5 UHTCC $ERFLA A [A]; FRC-BA & i JF 5T H AR A X UHTCC A i, 5 UHPC-CA/BA. UHPC-
SF/PF Hl HSC % MERETR B + P Bt 45 %t e, &8 UHTCC JFbt B A& e/, TP URE i deff . il FRC-
BA JFHi i f1 5 125 MPall) UHPC-CA/BA A & 120 MPa ) UHPC-PF AT, FE /N F 61 MPa £1 100
MPa /] HSC, 7% i FRC-BA . HA RAFMHTITHIERE . 3R ISR XTI 5T EAR 2 AN b 3, T %
FIFYL EAR R 25, PIPEm, FOR R T T Ui

900 @® 75 MPa plain concrete*® 1500 @® 61 MPa HSCH"
m 140 MPa UHPC-SF(3% SF)P" < 75 MPa plain concretel*!
A 120 MPa UHPC-PE(3% UHMWPE)*! %100 MPa HSC®)
750 F * 114 MPa UHPC-SF(3% SF)i7 100 MPa RPC(1% steel wire mesh)™)
@ 125.2 MPa UHPC-BA(3% SF+30% Basalt aggreates)©™” = 1200 - & 140 MPa UHPC-SF(3% SF)™ .
67.5 MPa UHPC-BA(1.5% SF+36% Basalt aggreates)™”) ® 120 MPa UHPC-PF(3% UHMWPE)™) .
600 |- # 110.7 MPa UHPC-CA(2% SF+30% Corundum aggreates)™ g ® 125.2 MPa UHPC-BA(2% SF+30% basalt aggreates)™"
" 128.8 MPa UHP-CA(2% SF+45% Corundum aggreates)") 5 + 114 MPa UHPC-BA(3% SF+0% basalt aggreates)"”]
g S 900 | ® 67.5 MPa UHPC-BA(1.5% SF+36% basalt aggreates)™)
® 30 MPa UHTCC 2 )
g = 41 MPa FRC-BA(1.1% PVA+45% basalt aggreates) 2 ® 110.7 MPa UHPC-CA(2% SF+30% Corundum aggreates)™
<= 450 F =} A 128.8 MPa UHPC-CA(2% SF+30% Corundum aggreates)i™
= = * 30 MPa UHTCC
o = % 30 MPa UHTCC(50 mm in the fonter)
A 5 600 |- @ 21 MPa FRC-BA(1.1% PVA+45% basalt aggreates)
300 h31 x v K
g X M
O e . Test data
1 300 ® P
50 - a ¥y =
l ® B ®
1 1 1 1 O 1 1 1 1
500 600 700 800 900 500 600 700 800 900
Striking velocity/(m-s™) Striking velocity/(m-s™)
=1 217 B y ~ 36-38 X B o y - 36-40
BN RS S oA r iy R RERe K12 YT EAR SR R
Fig. 11 Depth of penetration versus striking Fig. 12 Crater diameter versus striking

36-38] 36-40]
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