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Vertical distribution of water and air in new

molding cement concrete pavement slab

GUO Yin-chuan, MENG Xiang-long, SHEN Ai-qin
(Key Laboratory of Highway Engineering in Special Region of the Ministry of Education,
Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: To study the underlying causes which affect pavement performance of cement concrete pave-
ment slab and find the way to improve pavement performance, the vertical distribution of water and air in
concrete pavement slab was taken as key point and the distribution of water and air in cement concrete
pavement slab was researched by changing the amount of water, amount of cement, volume fraction of
mortar and volume of air-entraining admixture. SEM was used to analyze the micro-structure of mortar
layer of cement. The results show that: the contents of water and air inside the cement concrete pave-
ment slab are less than that in the surface; pore fraction and the number of big pores of cement structure
are increased by higher water content, which will reduce the impermeability of cement; higher air content
increases pore fraction of cement structure too, but it just increase the number of small pores, which
makes pore sizes distribution more uniform and improves the micro-structure. Thus the durability of ce-
ment concrete is improved. 8 tabs, 11 figs, 12 refs.

Key words: road engineering; cement concrete; simulation test; moisture content; air content;

vertical distribution

175 B #5:2013-06-20
EL WA :F e m A S A B 55 9% £ 95 %% 42350 H (00009-2014G1211010)
YEE R A - FBEI(1983-) . 5B VLY JLTT A I . 27 1 L . E-mail : silver007007@163. com,



2 KZXFFHRARAFR

2014

0 51 §

e 7K U TR - % Tt T 3k A P E R T R
PR L2MRE RPN — 2 HA — @B E
MRDHE 2 it TN BT LA 2o A 32 R 1
8]V B () B 3 3 3 D 3 )2 Sy I T AR AL BT AL 1
SR T AE it A R e s AR O B Sl Bl 2 il R R
KNSR &R AR AR, T BOIE R B 1 R
R FL 235 K TN AL B R A Ak, 3 i TR 458 - A9 i K b
AR,

K Ve V6 B A 1 TR A R 3T AR R B 5 A A L 20
28 90 ARG 0 [ A CRE SR B SR O e
YL R VRS R ) H A 9 R SR Al 5 i B )
JHEFE B ) N g R ) S K M 4 R O #R T K R
TRBE + 1T A HEAT TR WF S . R E L E T
T B MR 2 TT e - oA FR L MR T IR BB 1 45 A4 it P
P 5 T8 5 ) (CCES 01—2004) , 78 1R % 1 1 it
VSV L SN R (RN & Y T SR NE S R
TR GC S5 s W 5 T AT A A . TE SOW AL 4
¥4 7 1 . B¢ B Thomas #E 4T T 1R #E £ 19 L 45 #4 0F
FE s HARAE Rk K AF I Asaga SEHFST T Ak 3t
T KK IR E 7K U 3K 1A AL 25 44 A AR A 5 o [ 5
MOEVRFF 058 B 25 7k ZE S R 9T T BS A0 1148 & BT
TR VR B Ak 35 A L 45 4 S b 3 s B s Y e 3 T
b R 2 Y A I AR AT T KU 3K LA H 4 TR AR AE
ORI s Jb ST 28 Ol R K 2% 1 B S AT 1K R
KLAE 43 A1 %k K U6 A7 L 45 #5530 5% e Bk g,
X SO 5T BT X IR R b P A FL A L B A e T
KRR EE £ R R I )Z . K VR TR BE I i 1o
i b I i 46 AN 4R 2K 2 Sl R B 1 A 2 B
G FBUKS AR L7 BRI U2
{18 L 45 K o DT 52 W) 7K 306 T W€ = 865 T 174 T 5 1 A e
B

SR I AR SC RS I I T AR P K G S R %
[i] 23 A7 A U R o 38 o 00 T R BRE P Y K R
K UEFH o P IR A B S 5 | KRB i AT TR
J R ) K U8 TR B B T AR I K R L R R e Ay
A AR A FE L IF ) FH 4 415 0 B R AT SOV TR 35 43 A F
FE T K L A ) 43 A R R K R 3R 2
FLEEA I RZ M

1 RIG

1.1 R
19 FH7E 7 b b DX S S5 K R 23 08 At 3 ek R R

42,57 K8 s 15 FHZK g B kK 5 4tk Sy 74 22 38 ]
TTRD s LA L A T2 BE B AT 5 Uk K 751 Ay e 7 i 7 e v ek
IKFN KN 16% ~25% 358 K 0. 8% ~1. 2% 5]
SRk Sky BRG] BK R 4B 0. 0062 ~
0.015%,
1.2 RIAECLE

AR B 5 U R T R W T TR E K
SrEAEE A P RE R . 1 RS AR R L
AT AR A R 5 A R ) X i) AR
K KRR E D REB BB R B R 4 4
eV AL 26 213 B IR BE 1 AT IR B0 B A 0 e L AN
F1~F 4 Pm, Hh W/CRRKKIL,

Fx1 BMEAKEXKAELL

Tab. 1 Mixture of test by changing water content

i 2 XW, | XW, | XW; | XW, | XW;
w/C 0.38 | 0.40 | 0.42 | 0.44 | 0.46
FAKE/ (kg » m™%) 137 144 151 158 166
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Tab.2 Mixture of test by changing cement content

prRs XCp | XCy | XCs | XCy | XCs | XCq

w/C 0.480.46 | 0.44|0.42]0.40| 0. 38

KU/ (kg» m3) | 323 | 337 | 352 | 369 | 388 | 408
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Tab.3 Mixture of test by changing volume fraction of mortar

o2 TT, | TT, | TTy | TT, | TTs | TTs
w/C 0.42|0.42(0.42(0.420.42 | 0.42
KL/ (kg » m*) | 151 | 151 | 151 | 151 | 151 | 151
O S AR 43 BL 0.50|0.52|0.54|0.56|0.58| 0.60
] TT; | TTs | TTy | TTyo | TTyi | TTi,
w/C 0.440.440.44(0.44|0.44 | 0.44
KRR/ (kg+ m™3) | 158 | 158 | 158 | 158 | 158 | 158
O AR TR 8L 0.50]0.52]0.54(0.56|0.58] 0.60
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Tab.4 Mixture of test by changing volume of

air-entraining admixture

G5 TQ TQ: TQs
w/C 0.40 0.40 0. 40
513 MBH /101 0 0.6 1.2
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Fig. 1 Test equipment for construction simulation
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Fig. 2 Test equipment for air content of mortar
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Fig. 3 Water content of mortar when water content changed
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Fig.4 Water content of mortar when cement content changed
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Fig.5 Water content of mortar when volume

fraction of mortar changed (W/C=0. 42)
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Fig. 6 Water content of mortar when volume

fraction of mortar changed (W/C=0. 44)
W IR e S S| R SR AN A U R
s R TR RS IR A OK R R B s A . K
WA 0. 42 WP IRARFR 3%k 0.5 392 0. 6 [, Il
A5 2% AN ERD 2K S K AR AE 12,726 ~15. 3%
9. 0% ~12. 4%z 8k sh 28 4k . Ho oK K He i 3



% 4 # RN 5 R A KRR £ IR K S R AR 5

WZEE R IE 0.07, KK 0. 44 BbHARFL 43
e 0.5 BN A 0. 6 B, I A 2R AN TR K S
IKEA WA 12, 7% ~17. 5% f1 9. 3% ~16. 4% Z
li] 38 3 A2 4k

H LS5 B 6 3k N 22 50 AR B o B ik AT
B DS AR TR B, RN S KR 2 R
I ARE  ENAEAE 1A e AR D SR A FRL 40 B30 falt ol 45 2
IKEAR SR F AR . A 5 iR s YDA R
Ol 0. 54 BF, RN 2 F K IR B R AR B 6 BT R
&5 5 AL 2 i AR R 3 8k 0. 54 B 55K
A EERAG. PR R, R 22 B 7D R AR LA B
0. 58 Bk FIWE(E . B Ik, 00 S AR R O /K e TR
% 5 TRTAR N 8 7K 43 23 A AT B S5 o, AR A 1K 0 2
TP ARF B0 0. 54 B AT B F R AR 2 18 5 9 356
TAKEES
2.2 ZRERBER

AL RAE 7 FR

14
o Oz OnEs WEE
10
N
& 8
r e
« 4
2
0
TQ, TQ, TQ,
%5

K7 BUESIR R BRGNS
Fig. 7 Air content when volume of

air-entraining admixture changed
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Tab.5 Results of structure parameters of pore

test when water content changed

R | W/C LB/ (mL « g~ D) | FISLEE/nm | I A L4/ nm
1 0. 40 0.24 9.43 10. 87

2 0. 46 0.31 11.23 12.13
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Tab. 6 Nnmber of pores in different diameters

when water content changed

, ] AL A AL 5 7 5 %
WH | W/C
<50 nm | 50~100 nm [100~200 nm| >200 nm
1 0. 40 87.39 5.97 3.41 3.23
2 0. 46 83.57 3. 87 5.93 6.63

B a8 Hh AN ) 35 7K D SRR OR 2 000 i
JEA3E] SEM IR . dnf&l 818 9 Froi .

5 8 2 000 % SEM BE - (W/C=0. 40)
Fig. 8 Mortar magnified to 2 000 times by SEM (W /C=0. 40)

59 2000 f% SEM I A (W/C=0. 46)
Fig. 9 Mortar magnified to 2 000 times by SEM (W/C=0. 46)
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Tab.7 Results of structure parameters of

pore test when air content changed
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Tab.8 Number of pores in different diameters

when air content changed

e BRI E AL S E SR/ %
wEE |
B/ %| <50 nm |50~100 nm|100~200 nm| >>200 nm
3 3.5 76. 60 7.76 9.39 6. 26
4 4.8 82.06 6.56 7.38 4.01

- Gl LB/ RESEN Il 5L
B/ % (mL + g™ 1) 12 /nm £/nm

3 3.5 0.28 10.42 12.01
4 4.8 0. 30 9.58 10. 56

R U AN ) 35 U D SRR JEOR 2 000 i
JafE] SEM B F, anp 10,8 11 Bros .

Kl 10 2 000 f% SEM KA (51 <7155 3.5%)
Fig. 10 Mortar magnified to 2 000 times by SEM (air content 3. 5%)

Bl 11 2 000 4% SEM A (51 <15 & 4.8%)
Fig. 11 Mortar magnified to 2 000 times by SEM (air content 4. 8%)
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