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Design method of LSCR based on mortar theory

JIANG Ying-jun', FU Zhi-peng®, LI Ning-fang'
(1. Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’an University,
Xi’an 710064, Shaanxi, China; 2. CCCC First Highway Consultants Co. , Ltd. , Xi’an 710075, Shaanxi, China)

Abstract: In order to improve the mechanical strength of lime-fly-ash-stabilized crushed rock
(LSCR), LSCR was regard as a dispersed system with 3-level spatial reticular structures,
including lime-fly-ash mortar(LAM) micro dispersed system, lime-fly-ash fine aggregate mortar
(LFAM) fine dispersed system, and LSCR coarse dispersed system. Based on the principle of
optimal compressive strength, the mass ratio of LAM and LFAM was computed by using vertical
vibration test method (VVTM). Based on the principle of optimal density, the gradation of
coarse aggregate was confirmed by using step-by-step filling method. Based on the principle of
optimal compressive strength, the optimal amount of LFAM in the LSCR was determined. The
design method of LSCR was proposed based on mortar theory, and its performance was verified
by using indoor experiment and field experiment. Verification result indicates that the mechanical
properties and shrinkage properties of LAM are optimal when the mass ratio of lime to {ly-ash is

2+ 5. When the decreasing coefficient of quality passing rate of fine aggregate is 0. 65, the mass
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ratio of lime-fly-ash to fine aggregate is 3 ¢ 2, the mechanical strength of LFAM is maximum.

When the mass ratio of aggregates with particle size range of 19-37.5, 9. 5-19, 4. 75-9. 5 mm is

17+ 11 + 6, the density of mixing coarse aggregate is maximum. Compared with the mechanical

strength of LSCR specimen designed by traditional method, the early stage (7 d) mechanical

strength of LSCR specimen designed by mortar theory increases by more than 10%, and the late

stage (180 d) mechanical strength increases by more than 20%. The average ratio of compressive

strength of VVTM specimen to specimen of site is 0. 909, and the average ratio of splitting

strength is 0. 904. The average ratio of compressive strength of static pressure compaction

specimen to specimen of site is 0. 457, and the average ratio of splitting strength is 0. 531. The

LSCR designed by VV'TM is more scientific than static pressure method. 10 tabs, 8 figs, 20 refs.
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Fig. 1 Mortar theory of LSCR
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Tab. 1 Test results of lime character

. M/ % Ca0 5 MgO
- ’
0 mm F AR A | 0.125 mm H IR A | REAR/ %
A 0 2.3 61.0

>R FH B P4 A2 RE ] 11 R T A8 77 B A5 B L AR
IR 2 A0 WA 3 AR PR ER
R2 MERBAEM

Tab.2 Grain compositions of fly-ash

J7 LR FL 4% /mm 4.75 2.36 0.6 0.075
J e i R/ V6 100. 0 97.0 90.0 80.5

R3 MERLFERS

Tab.3 Chemical compositions of fly-ash

B FEE ALY IR B %
&t B/ %
Si0, Al O Fe; Os
HURENER 51.6 19. 8 8.0 12.1

AR FH e 74 5 11 0 B 3 A 07 0 40 A
PORFEFR UL 4 55 H HORBOR
4 EHBEARER

Tab.4 Technical indexes of aggregates

AR R
SRR
W otk
mm - AN T
(geem ™) | /%
19~37.5 2.73 12.4 0. 40 17.9
9.5~19 2.74 15.5 0. 40 21.0
4.75~9.5 2.74 15.2 1.50
<4.75 2.76
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Tab.5 Working parameters of VVTM

T AR £ /kN
EERSG TERG

30 1.2 1.8 1.2

6 N IJREEA VVTM R # E 5R 1
SPGB 7 d s E., VVTM il 530
R PUE R E Z B Ry O 0,929, BF R GR 2 L
R, 2y 0. 910, # He s 8 ik 14 5 30 3 005 A 14 Bt s ok
Z W Ry 2 0.507, BF 245 EE 2 R, A 0. 545, UL
VVTM i {4 5 B 8 A S PR A i e e L 1
L A8 SR VVTM 7 i 0 IR 3% . — Ik b
R IR R
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Tab. 6 Compressive strengths and splitting strengths of

TAEHR/Hz | £ LIRIF/mm

different specimens

BRI a2 2.25

P58 B/ MPa VVTM & A 2.09
0 AR 3 1 1.14

PR 0.22

BY 2458 )4 / MPa VVTM ik f 0. 20
L 328 3K 0.12
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2.0 —
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Fig. 2 Compressive strengths of LAM
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Tab.7 Composition of LSCR with different materials

IR, AN TR A% Conm) £ R4 LR 91/ 26
e i/ %% 19~37.5] 9.5~19 [4.75~9.5| <4.75
19 34 22 12 13

*8 BWRBEMERE
Tab. 8 Suggested gradation and standard gradation

T 3o S T B L Crmn) F 08 43 3R %6

B
37.5131.5 | 19 9.5 14.75]2.36| 0.6 [0.075

AR |100.0| 95.7|52.8128.4|11.5| 6.1 | 2.7| 0.8

HAE AL | 100.0]100.0( 89.5 | 61.0 | 40.0 | 28.0 | 13.0 | 3.5
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Fig. 7 Compressive strengths of LSCR specimens

with different ages
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Tab.9 Mechanical strength ratios of LSCR specimens with

different ages

W/ d 7 14 28 60 90 120 180
R, 1,16 | 1.17 | 1.19 | 1.19| 1.20 | 1.22 | 1.23
R, 1,10 1.13| 1.14 | 11.60 | 1.19 | 1.20 | 1.20
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R0 ZREAHFERE Chang’an University: Natural Science Edition, 2003, 23(2) .
Tab. 10 Mechanical strengths of LSCR 11-16. (in Chinese)
e T T 2 T oo | [70 RV AR W S R O
B FE | 2.30 | 3.30 | 5.60 | 8.60 | 10.60 FRHERELL ). ISR FARRRAE I 2003, 29() 3742
Fi LIU Hong-ying, NIU Chang-you, WANG Qiang, et al.
Ji /MPa VVTM B ff 2.10 1/ 3.10 | '5.00 | 7.80 9.50 Pavement performance of lime flyash stabilized aggregate base
R | 1,10 | 1.70 | 2.50 | 3.70 4. 40 with skeleton dense structure[J]. Journal of Chang'an
R 0.23 1 0.33 | 0.55 | 0.90 1.09 University: Natural Science Edition, 2003, 23(3): 37-42.
R VVTMigff | 0.21 | 0.30 | 0.49 | 0.80 | 1.00 (in Chinese)
[/ MPa (87 FEBLT. & SitHE 408 9 R B AT 4LRB I ik B 9T [0,
WER A | 0.12 | 0.17 | 0.27 | 0.45 0.56
PR A K 224 AR B R, 2010,29(5) : 732-736.
R 0.913 10.939 1 0.893 | 0.907 ] 0.896 JIANG Yingjun. Mix design method for lime-fly-ash-
R 0.913 ] 0.909 | 0.891 | 0.889 | 0.917 stabilized aggregate of multilevel dense built-in grading
R; 0.478 | 0.515 | 0.446 | 0.430 | 0.415 structure[J]. Journal of Chongqing Jiaotong University:
R, 0.565 | 0.545 | 0.509 | 0.511 | 0. 523 Natural Science, 2010, 29(5); 732-736. (in Chinese)
[9] R AREW. ZIREAHMRE A W] 3 RS54

Eﬁgﬁﬁif‘?‘%g%%T 20% DL b s i sl s B A AR B2 BT, 1999,27(3) :309-313.

P70 S 0m B L8 e 0. 90, T i & R AR 4 S JIANG Ai-feng, REN Hui-qing. Mixture design of lime-

Iﬂ%l{‘;ﬁﬁ %gﬁﬁ [:E‘;FE 0.55, ‘%ED% %ﬁﬁyﬁzgﬁ%ﬁ flyash stabilized aggregate[J]. Journal of Tongji University:

58RI AT AL SE K 5 R = 1) LM O T 4 S patural Setenee, 00, B0 0810 (nChines)

AITHHARE . AR TE by R P RER R e

i ‘Egiﬁii%%iﬂ%gﬁﬁlz ° TENG Xu-gius, CHEN Zhong-da. Mixture design method for

é/j % S»Z E‘jk . lime-fly ash mortar[J]. Journal of Chang’an University:

Natural Science Edition, 2005, 25(3): 37-40. (in Chinese)
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