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Experimental and Theoretical Study on Concrete Surface Factor
Considering Hydration Process

WANG Jiahe'*", XIE Yongjiang"?, FENG Zhongwei'*, ZHONG Xinhua"*
(1. Railway Engineering Research Institution, China Academy of Railway Sciences Corporation Limited, Beijing
100081, China; 2. State Key Laboratory for Track Technology of High-speed Railway, China Academy of

Railway Sciences Corporation Limited, Beijing 100081, China)

Abstract: The surface factor of concrete of three strength grades in different hydration processes was measured. Based
on cement hydration theory, a theoretical model of concrete surface factor considering hydration process was
proposed. The results show that the surface factor of concrete is closely related to its surface humidity state. When
it is in the moisture saturation period, its surface factor is only affected by environmental factors. When it is in the
moisture decline period, its surface factor is related to the strength grade and hydration degree of concrete. In the
surface factor calculation model the influence of concrete surface moisture state and hydration progress has been fully
considered, and the surface factor under different conditions can be accurately calculated.
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Table 1 Chemical composition of cement

w/%

Si0, CaO MgO Fe,0, K,0O ALO, SO, Na0O IL

21.08 63.93 1.76 3.65 0.73 4.55 2.06 0.58 1.66
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Table 2 Main mineral composition of cement
w/%

c,S  GS  CA  CAF CaSO,-2M,0 CaSO,-0.5H,0

58.01 16.80 5.35 12.09 2.30 4.10
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Table 3 Mix proportions and compressive strength of different strength grade concretes

Mix proportion/(kg-m *

Compressive strength

Grade

Cement Sand Stone Water Fly ash Silica fume at 28 d/MPa
C30 240 750 1150 186 60 0 37.9
C50 345 685 1090 185 85 0 54.7
€80 450 580 1140 150 0 50 82.1
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Fig. 1 Testdevice for concrete water loss
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Fig.2 Shematic diagram of fiber Bragg grating humidity sensor
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Fig.3 Top view of concrete surface humidity test device
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Fig. 5 [Illustration of interface between drying surface

and environment

a _DuMP, _ ! (3)
" RTé (HI_HC>
VR 5 0 3R T Ak T R A R S8 s JH S T A X
WA E R 1(H=1). W ()T LA 3 @,
J
"1 H,
F 2 (4) AT, AR BR 40 B 1E E AR T
T Ao 00 A5 B VR BB 1 3 R RN DT A Ok K R T, B AT
K 2 (4) 3 5045 2 TR B 1 W B AR A B B Y 3R
IR EE AR MAL TR T R (H,<<1)i, iy 28
(3) A1 AT, a, AT AR A

(4)

a

amZ; (5)
(H, —H.)
X (5) ml 0 TR EE 10 R T R B B A e i AR B
a, FRIKHE R T K TR R E H A G Hik, H#E
FE PR B0 B R A ARl A i e A B TR B R

12
o C30 1.0
o C50
~ | & cs0 1o
FIE 9 F __ Environment
T humidity
éﬁ = 0.6
2 6 T
8
g 0.4
<
3 L
= 10.2
) | | 0
0 7 14 21 28
Age/d
(2) =0 d

Oy 1k — 2 SR g A TR o R A5 2 TR R L Y R T R
0,67 1B 6 H i 2 K O X IR B i 1SR S R RT AR
) 2% 5 3 A5 G IR BE 0 G K GE R T S5 R A 7 B
7 TP 7 AT R E b SR TR AR AR T B R K R
B 7 4 1 301 4 728 A AT 0 91 2 B Bea =X, HAS [R] 5t

TR T B2 e o B ) 2 7K R 38 J R SR I BE H, RP AT SR
A (5) il i AW 1L a, B BUE , 1A H, 1R 50 %1
P, BRI AT TH A4S BT BE 0 BN R B By 3R 1 R AL
a,. BRI AT 8 R I T e PR R AR
17T TR B8 A 2 K 48 3 T W B Y 8 Ak by A R AT
P15 BITR BE 4 0 B 1 A SR R R ) R R
¥ a,.
22 BEIRAKEMWKERSSH

FET 2.0 0, AR XS 345 AR R BE A
AN TE] SR BT 2R K S BE TR A 08 B 0 A8 Al O R kAT
g, I 3153 H 2R K AR I R] g A2 1k &6 2 34>
5 B A IR BE T A R TR AR R KRB SR A
IR AR Ak . F I 6 AT DL (1) 2% 58 B SR IR BE - 78 T
PSRRI 18 G 7K B 1 i 10D 1% SEE i 32 ¥ 3 . A
A ] 1% 0T B v e R O A R R K DN I B TR
BT SR K &R TR EE O K i Rl R 4R Y AR
G 2 B Beisi =X, TR R B B, 2R oK B R M 5 3k
BRI 205, R oK & R AR M o &k
TG R B B 55 1R B5E 1 4R 1 0 R A AR AT AR X L IR
Lk By B 5 R BE T T RE AT A U AE X
(2) M4 5+ I 3 d J5 47 2 w1k, 4558
JE A5 G0 R Bk I8 7K L B I ) 28 A0 0 55 1 B B R 2 g
(i) 412 2 el /), AELAS [e) 5 4 g ] T TR B Al A 56 1 B
Be KR LT AR TR FE AR [F] T4 0T, 25 B 3R 4
TR B a1 A B 2 K ot /0N T % 7 o S g R A g
FEAr A

12 1.0
o C30
C50
~ oL a C80 10.8
g — Environment humidity
&0
<
g
8
s
=

Ageld
(b) 1,=3d

PBI6 34000 i A 2 TR IRE b 7 b 2 T TR 2 1R T SR K B B TR P R 0T B0 A 1

Fig. 6 Changes of water loss of three strength grades concrete with curing ages under top surface drying
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Fig.7 Water loss rate of concrete with different strength grades and curing conditions under surface drying
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Fig. 8 Surface humidity of concrete with different strength grades and curing conditions under surface drying
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Table 4 Two stage surface factor of different strength grade

concretes
x10 ’kg/(m*+s")
C30 C50 C80
f/d Stage Stage Stage Stage Stage Stage
1 Il 1 Il 1 Il
0 3.708 2.578 3.713 2.356 3.710 1.848
3 3.711 2.180 3.708 1.670 3.711 1.226

/N TR 1 BER A R AR , 32 97 37 ) BE iR 8 4 2
S22 (2) BT 75, B TR B 5 J3E 25 0 2
e, L 2 B Bk T A KO e/ B A R 4 1A )
S 2550 5 AR SR BE LB IR IR 95 2 [ BER
FBCIYA BT R AE T TR BE L KR 5 SR 58 i
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Table 5 Comparison of test results and model results of
concrete surface factor

X 107kg/(m*+s)
Stage | Stage I

Concrete o/ Test Model Test Model
result result result result
0 3.708 3.720 2.578 2.585

C30
3 3.711 3.720 2.180 2.191
0 3.713 3.720 2.356 2.362

C50
3 3.708 3.720 1.670 1.684
0 3.710 3.720 1.848 1.852

C80
3 3.711 3.720 1.226 1.212
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