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Ultrasonic Test and Microscopic Analysis of Reactive Powder

Concrete Exposed to High Temperature

GONG Jianging", DENG Guoqi, SHAN Bo,
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to investigate the adaptation of ultrasonic test in evaluating the performance of reac-
tive powder concrete (RPC) after high temperature exposure, the high temperature tests under 100 °C,
200 °C, 300 °C, 400 °C, 500 C, 600 ‘C, 700 C and 800 ‘C were performed. The relationship between the
four parameters (relative wave velocity, damage degree, relative frequency and relative amplitude) and
temperature as well as compressive strength loss rate was analyzed. The microstructure of RPC was also
studied by scanning electron microscopy (SEM) technique after exposure to high temperature. The results
showed that adopting the parameters of damage degree and relative velocity to evaluate the performance of
RPC after high temperature was better than adopting the parameters of relative frequency and relative am-
plitude. The correlation of the fitting value of damage degree with experimental value was the largest,
which can accurately reflect the damage degree of RPC. On the contrary, the fitting value of relative fre-
quency and relative amplitude showed little correlation with the experimental value. With the increasing of
the elevated temperature, the internal defects of RPC exacerbated, and the cracks at the bonding interface
of fiber and the matrix occurred gradually, which illustrated that the micro-structure of RPC deteriorated
constantly and the loss rate of compressive strength increased gradually.
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1.1 I8 R4

KV P TR R PLO42.5 9555 fik IR
ERAKYE  HFE LA B Wk 15 6E K 52 ™, SIO,
B HCh 93.8% . EL R ALK 18 500 m*/kg, -
BIRiAE R 89 nm; 4 80hb Kb RifEh 0.45~0.9
mm(20~40 H) , SiO, Fi /3 BOR T 99205 44585
Kb, SRR 50.2 pm (325 H) , BN 2.625
g/em’® s ANEFYE: IR N7 K EE S 8 mm, HEH
0.12 mm; RN L4k (PPF) . Y3k fe 45 br WL %
25 WK F TR o SRR R 2 BB K ) s Il 7K R KT
302 B335 K - ERIK.

R1 P.O425 KRHILFARK
Tab.1 Chemical composition of P.042.5 cement %

W CaO) WSiO2 WAI203 WMgO

65.30 21.10 5.50 3.20 2.90 2.00 —

WFe2 O3 WSO3 Wloss

*2 RAGSY(PPF)RyEEae
Tab.2 Physical properties of polypropylene fiber (PPF)

Hi% K R R PLPORE SRPRERLE
/pm /mm  /(g+cm %) /C /MPa /MPa
45 18~20 0.91 165 500 3 850

1.2 KEGEEL

AR FE L L L i SRtk L, 2T 4B AR b
BB 1.0%.2.0% 3.0 % AR L7 4 )2 3.0 % 1Y
PALFHEFN 0.2 %0 W R N M £F 4B TR 48, HARTEC L W
% 3.
1.3 i EHIEFFR

RPC il VAl o kbt ] TR € - i FEAIL L i
FIAF SR FR 8 U K V8 R R L RE K L S A
By SR A ASBEFEDL T4 6 min, B 5 72408 £
R FE S KR, 6 min, fe 5 PRSI B ZF
it 6 min HRL B 50 PE 47 19 RPC 3% A5 A
B, 4 0 25 SR R E IR T S 24 h SRR,
SRIGFEA 95 ‘CHOKFRI 72 h, LB ThRfEFRIP = 5
P56 dFRYP AL, LK E H R T AR
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Tab.3 Basic design parameters of specimens
Yy K H AR H/ (kg « m™®) APMECLL  AERPECLE  BUKRIECLE AR RN 4Rk
- K fiE K R /(kgem™) /(kg+m™) /(kg+m™) BUMIL/ % UYL/ Y
2 RPC 0.18 896.1 89.6 89.6 89.6 985.7 12.9 0 0
RPC-1 0.18 896.1 89.6 89.6 89.6 985.7 12.9 1.0 0
RPC-2 0.18 896.1 89.6 89.6 89.6 985.7 12.9 2.0 0
RPC-3 0.18 896.1 89.6 89.6 89.6 985.7 12.9 3.0 0
HRPC-3 0.18 896.1 89.6 89.6 89.6 985.7 12.9 3.0 0.2
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o it 1B BPRE AT IR SBTCA 105 °C 5 CHY
HATAHET 24 b, BUBIKPE . AR = S0 HERR
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C.Ih#ER 5 °C/min, MR AR BERF A1T
PE4A 5 B HARIRE 100 °C 413830 R I MEAR &b 28 5 1
bk B L 3 1% H A5 iR 5 fE G 3 ho PRAIE S i A
TR — 2 Z G R R L N B AR A R
100 CHety - ST A M e 4R S04 0 B 5.
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Tab.4 Experimental phenomena of HRPC-3 after

different temperature
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Tab.5 Mass loss percentage of RPC after different temperature %
Hor 20 C 100 °C 200 C 300 C 400 C 500 C 600 C 700 C 800 C
# RPC 0 0.60 1.42 4.26 — — — — —
RPC-1 0 0.60 1.57 4.51 6.42 — — — —
RPC-2 0 0.50 1.66 4.93 6.61 7.18 7.43 — —
RPC-3 0 0.60 1.76 5.41 6.78 7.27 7.51 8.26 8.75
HRPC-3 0 0.60 1.81 5.59 6.96 7.39 7.78 8.53 8.87
2.3 ﬁtgﬁﬁ*gﬂ\iﬂ "UR:"UT/"U(H )
P P AE RPC i B4 , FLU o SRR 32 & 2 D=1—C(vr/vy)?, (2)
PRI 520, G R A28 Jokidz oK e i 2P 4E5E. R Ar=Ar/Aq, 3
U /D BT B3R 3k 2 PR 2% 00 i e IR A R R P 1 S ) L AR fr=fr/fos (4
TGRSR PR XoF 9B 3 58 0 32 KT 3 A0 A0 AR X i AF o =1—F .1/F . 5

VE PN ZE0 I (D ~ (D iR . 2 (5) Ty~ 7 ik
PO BE P 2853 2 52 55 r 0 e s 54l AR A T
AEFR, AR W 6.
=6 HMERHIE
Tab.6 The data of experiment
e o FEXPRC BUGEEE MXSE MEXTIE HURIREE
e M or D R HAR KFE/%
100 1.00 0.00 1.00 1.00 0.00

# RPC 200 0.91 0.17 1.00 1.00 —6.03

RPC-1
300 0.88 0.23 0.95 1.00 —6.62
400 0.75 0.43 0.95 0.99 11.96
100 1.00 0.00 1.05 1.00 0.00
200 0.94 0.11 1.05 1.00 —6.11
300 0.88 0.23 1.02 0.99 —10.07
RPC-2
400 0.79 0.37 0.95 0.99 8.09
500 0.70 0.51 1.01 1.00 25.04
600 0.57 0.67 0.95 0.97 42.98
100 1.00 0.00 1.00 1.01 0.00
200 0.95 0.10 1.05 1.00 —3.99
300 0.80 0.36 1.00 1.00 —9.29
. 400 0.71 0.50 0.95 0.99 7.60
RPC-3
500 0.57 0.67 0.95 0.99 23.02
600 0.52 0.73 0.95 0.97 39.37
700 0.37 0.87 0.95 0.97 58.86
800 0.34 0.89 1.00 0.97 77.28
100 1.00 0.00 1.00 1.00 0.00
200 0.95 0.10 1.05 1.00 —3.74
300 0.91 0.17 1.00 0.99 —5.68
) 100 0.75 0.44 0.95 1.01 1.59
HRPC-3

500 0.68  0.54  0.95 0.98 19.38

600 0.59  0.65

700 0.46  0.79 0.95 0.98 51.98

800 0.40  0.84 1.00 0.98 72.53

T« P 5 46 Ok R b {6 R RPC 78 % H AR iR BE T 98 %
.

:—EEEF' :“UR%?*HXﬂLiﬁﬁ;UT)Jﬂ RPC %/ﬂ%‘l}a{ﬂiﬁe m/s;
vo MR AT . m/s; D 2y RPC 5 Al
AERT R s A 2R 8 R 0 1 U WL dBs A Jhy i R AT
B IIRAE  dB; fr AAXT B £+ o8 RS B
(B, dB; f o Ay il BT B B RAEL, dBs AF Bt e i 2
PR F F o i RPC il 43 5 HT R 3 B A, MPa;
F oo T RPC HL K BEE  MPa.

2.4 EXTIRE. G E B ESRAETIEES =

MBEENXR

RPC 7E 2852 AN[a) i BE I o A6 0 8 453405 B L A
X AR IR A 4 NRIES BSR4 5
Qi 1~ 4 Js. R FH G 1) ek BGEEA T [810H 434
PWEEER I 7.

M2 7 &t RPC (AR 0 s i 4 B 5 52
PR LG B R” M2 R B0 J7) 43 51 K
0. 96 1 0. 95, ¥IA/INT 0. 95, P F 4505 15 22 513 Ky
0. 033 F1 0. 047, ¥5/NF 0.05 , S5 A 15 22 43 51 Ky
5.4% 0 13.8%0, BT 14 %0, B SL B (H S LA 1H
W) B0 I PR AR [ £F 45 B i RPC PERERT
e AR SRR AR 3 FINE 4 0, Bl R 1 73
A s FFXT 300 R0 AF D R (A2 AR /0N R R 3R 7 &
PR % T AE R = AR X L 5 32 G R LA
2R i R2 4351k 0.34 F 0.69, 16 B 5% I AH X = 45
FRUAE T I (AR A 8 7 30 92 1) 2 880 PPAG S [ L B A
)G RPC PPN GE FAFTE R K58 2. R I A X i i
A1 BE X RPC i AR FH o 1 ot 22 5 8 S e R X
T AET AR A X g, S Ry UK T A A P
S5 Hr RPC &R G T REAE k.
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Tab.7 Each ultrasonic parameter fitting results of RPC after different temperatures
A S [HEEP A" R (W& RZBTF I A N 1 2% SRR R/ Y
AP vk vr= —0. 9% + 112 0.96 0.033 5.4
Wi D D= 1. %L—Olﬁ 0.95 0.047 13.8
A 2 1 000 . . .
FHXT FES fr fr= 1.18T — 0031 0.34 0.025 2.6
MXIEE AR Ar= —5X10°T+ 1.01 0.69 0.006 0.6
2.5 HEMEESBESIAFERERERKE ES WA DN 0] @Zf?%xzﬁl S AP
FIESER FEVA St 3K — P AR IO A2 Al AH & IG5 4 22 42

HRAE R 6 Hhri F ik B 4 2k 22 AT L 7E 100~ 300
CHEH L, RPC fHt He s FEBUR A KT, BIFE 300
CHR RPC HLE B EAME T 5 T 1) RPC $T £ 5%
B X O RPC O I I 45 FHl . — B 300 °C
KA G T iR IR U OKAR O Ak R,

PEA R PE, 300 “CHI RPC 58 B 2 F’;ﬁ SER A
FIERY s PRI T 12 A X 5 38 93 43 B 55 57 5 AR e i
JERBR RN K RIF R AFE LR 300 °C X — X Bt

Kl 5 R 6 [k RPC A% B 455 B i
b I AR A i 6 40 5 B R 42, o0 e A
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Tab.8 Fitting results between different ultrasonic parameters and
compressive strength loss rate of RPC after high temperatures

FHXE PR

W 5% BT R "
H A WE WE/%
\%% Ci=—69.94lnVr— 4.28 0.93 0.057 17.4
D C=3.28 e39D — 388 0.95 0.040 15.0

TE:C. 3R RPC BT R BE LR 2.
2.6 YT
AL 4ER RPC mild o SEM A 5] 7
AR EEVE IS RPC &R SEM B 7 . iy (41T -
W N RPC RO 5% ST Mg B, X

i RPC R EALE KL B8 A RE IR S35 A K U8 Uk
] A FLBR » 7247 58 AU » B K A9 3% 1 S1O, 5K I8
IKARA B 77 CaCOHD o KA KK LI 7240 h
KA RERRE5 C-S-H &8 - ks L B 3 7815 5 4%
S M R OK Ik R R B5 C-SHOBE IR AN
Ca(OHD 3200 “CAE G p 544 B8 ] A1, 5 3 R s
FH AR AN B S5 (LR SR P38 A K R B 4l K VR Ak
i Ty TR UAAH XY IR i R K T KA R
7 ALK S I 4k 85 % 5 P93 Ca COHD , B 1M #E »
FEA R C-S-H BEIE - 727200 2 B Ry 5707 IR Bt e ikt
JERBCH R T A TR 5400 CAE R G TMORZE %8 200
CHRA T — % B Ak B A R R 95 52, B A K
MBYFLKEEAZE KA B A KL RR E C-S-
H 5 H 0 W JRF 7K B2 S 7K D8 7K AR B 18] 34 235 I 8 0
55 K S SRR, 22T It B0 T 20 /M e 4, 5
B 200 CHPTFFE; 600 CHERG /KUK AL 4 4
TR KA FNARAKAL  0RE 22 [R] 1 45 5 Fi i, C-S-
H EECIEIR . KU AR S I 1, 53 RPC &R A7
FEE L2 1) BT 14 7K Ak ™ 0 R T AR 85 #9408 Bt 43
0, H. 573 CHEy o BUAHE (o SIO) FHAE S B B A 5
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FLRGE R RR, O 8 R WH T KRR ES C-
S-H BEAAR FF B s LA L Rl 2 750 C i, i
oA ) CaCO, 22 303 fifE » 7 U b R i 1) B i R 4L
R IAE U 2 1T P B S Ak T [ T Sz T AR
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RPC T 4t 5 3L R R 45 A i) SEM BR -, i [ m]
S AT 2 RN AR B T Ak ) SR i 3R P T R R
L J o SR A ok g A [ B SRR 3 R v
SF Y5 T E AL FBERS » 22 W0 2 PR A 1 R Ak R
T CUNE 8Ca) fizs ) HLT 4 5 B AR ZE 245 B 1T X %% 51
SERE, UL RPC 132 J1 Pk BE R R 4T B 4T 4
FEZ JIRER bk B T S AR KRB i 200 “CAEH]
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Fig.7 SEM images of substrate in RPC after different temperature
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Fig.8 SEM images of steel fiber and matrix interface in RPC after different temperature
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