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Abstract

By studying the materials, equipment, structure, and construction technology of cast-in-place
semi flexible pavement, and based on the characteristics of macroporous asphalt mixtures, a ba-
lanced design method is proposed for mix proportion design, which solves the problem of con-
trolling the connectivity porosity and stability of macroporous asphalt mixtures; the perfor-
mance evaluation of semi flexible pavement materials was conducted using self-developed grout-
ing materials. Through analysis of high temperature stability, low temperature crack resistance,
and water stability, it was found that the water material ratio has a significant impact on the
road performance of semi flexible pavement materials. Based on the results of experimental road
service performance evaluation, it is recommended that the water material ratio should not ex-
ceed 0.35; through the observation of the service performance of semi flexible pavement experi-
ments, it was found that the semi flexible pavement has excellent anti rutting performance. By
studying the materials, structural design, and construction technology of semi flexible pavement
for the national and provincial trunk lines in Shaanxi Province, key technologies suitable for the
channelized heavy load transportation of the national and provincial trunk lines in Shaanxi Prov-
ince have been summarized, providing useful reference for the implementation of similar pro-
jects in Shaanxi Province. The injection type semi flexible pavement structure not only saves the
use of non renewable resources such as asphalt, but also reduces the maintenance cost through-
out the entire life cycle, effectively reducing the environmental damage caused by repeated con-
struction. Semi flexible pavement is an ideal environmentally friendly and durable pavement
structure.
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2. FEMBESIT

TRI6 I B R B T 45 M T2 200 3 om AC-13 i R EE . + 4 cm AC-16 i FiREE L + 20 cm KA +
30em kL, WiEHTHEERE 7em, BRI SR 57 cm, 2007 RGBS . H IR T ZONERAIIH
PRATZEIE 7om [HE, FH 7 em ATB-25 | HERAEAI SR el A FIEE, it 4 cm AC-13 Sttt R
et B R ERTR T RIS T IE R R, A TR R 1 A5 R B SRR A AR O RE ) A ATERE
SR N FH AR 2R B IR 7 S T YR A B AL T A B R T S M RS 2 R IR E R
ez S HH T

Ak 5 B2 St e T 45 M R B A TH B AT 508 7 em THIZ, 4l 4 om AC-13 iy H iR+ R 2 +
K2 + 7 om ER R R T B2 . Berh i 72 v 2 18 30 5 % 1 R 2 IR A% 22 4t IR o5 SR 4% 1 50
PEER AL RLAR S PT2PERE, W= BRI IR AR AC-13 1E NN JRIZ, TR B A S hi
PEAS & RS M 2L 0], ARAK S B SR M B T 454 Dy — Fh A BRI S R R T 454, o Y
PR THI 45 ¥ 1 ORAE B 48 [ 48 T 437 9 T H A A A
3. RTLBFHER AR
3.1 RMRHERE

N T RIER NS RO BT R AR R A R BORMIE LR, R Bk - AR
PRI 5 AN SR 5 T I 2 7, KA e SR o b R s (1) B R B4R R3], 5 R BV e Tl il
BHEREME LA A, FERRER AT /T M i 4 37 10~20 mm £ KCH 5 5~10 mm KA, AI5ER)
HEH 0~3 mm AR ENEIRS . SERNE A K AT 200 B 56 WA= A . B oRHRSG 45 R 0% 1-3 Bt
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Table 1. Main technical indicators of coarse aggregate

1 HENEERARER

e e 2
L/BEES ¥ N = L EIA BORER
10~20 mm 5~10 mm
TUWE L g/em® >2.6 2.734 2.738
LS % <20 0.43 0.52
Ji P AE % <25 15.4
5 R X >4 5
Table 2. Main technical indicators of fine aggregate
2. MEREERARIER
L/ e & S LA FOREER far g 45 R
FW % glem® >2.6 2.708
W 7K % <2.0 0.83
Sy % >60 68
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Table 3. Main technical indicators of mineral powder

3. WM EERARIER

LB % =g LA BARER e 4k R
25 P glem® >2.5 2.625
<0.6 mm % 100 100
K ek <0.15 mm % 90~100 93.1
<0.075 mm % 75~100 89.8

SHEHKAXIEREHE OGFC MPBHRFE, K FLERIE 1R & RER B 2 L AR R R R B 2R 45 4,
ML B> FEOR SRR AT R WD, O 7 38 7 SRR R o 5 5 R 3 UK ) el ok
WFEAENIREERRHA] . WREER G T B UL SBS 1-D bkl d, %l i Rl R WLk 4
B

Table 4. Main technical indicators of SBS modified asphalt
= 4. SBS M B T ER AR

Far T H HARTIR R gE R
£ NFE(25°C, 5's, 100 g)/0.1mm 60~80 70
FEFE (5 cm/min, 5°C, cm) >20 38
BALAT(C) >55 65
# ¥ (25°C, glem®) SEIE R 1.021
PPN <+1.0 -0.22
o — FER (%)
2R EFNFEEE(25°C, %) >60 74
(163°C, 85 min) i
FEPE(5C, cm) >20 29

3.2. W MREC T

ZEHAKAPFIRE K OGFC it g, = KILBRIFIR & BHE R LB 24 OGFC L2 KA fE
W RN LR [5], RA R SRR W AR B T R BT R, TUH S35 b [ TR @ whr i o
2 (TE PR P VR B T R AR AR ) HEFE (0 G C Y0 1 % (R 200 H St 185 O EA T B ie vt i 0~3
mm. 5~10 mm. 10~20 mm S8 # =4 JEA RHER 3 4L R IE, 4 08 F 2R H SR 3 75 A & 3.5%:i
1T S EUR A, MR FLRR 200 45 R e e i 42 . ARG AR L3 5, TRA A R
W72 6, FARDTE AR 0L 1 R .

Table 5. Composition of raw material proportions (%)

= 5. B RHELBIZA R (%)

PR 10~20 mm Z A 5~10 mm Z A 0~3 mm MLl > s
FH I 80 11 6 3
S 76 11 10 3
T 72 11 14 3
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Table 6. Composite gradation of mixtures
= 6. RANEMRE

HALRAY _
- FZ g iiE LN
F#E3L/mm FHRAC LREI ™ BT RBCIEH
26.5 100.0 100.0 100.0 100
19 91.9 92.2 92.6 90~100
16 70.5 71.9 73.3 60~90
13.2 51.5 53.9 56.2 30~60
9.5 234 27.2 31.0 15~40
4.75 9.3 13.2 17.1 7~24
2.36 8.1 114 14.7 5~20
1.18 6.5 8.7 10.9 5~18
0.6 5.2 6.5 7.9 4~15
0.3 4.2 4.8 55 3~12
0.15 3.6 3.9 4.2 3~8
0.075 3.3 35 3.7 1~6
100.0 . -
/
90.0 /:‘ /
80.0 : ./
=700
) 60.0
E{ 50.0 /._ ; — Mg |
5 40.0 - ' — g
dl-g o - /// .‘/
<o 30.0 — 7 — R
20.0 S /’//// -
L~ P
10.0 — /
- : e — -~
0.0 A A A& A A A A A
0.075 0.3 0.6 1.18 2.36 4.75 9.5 13.2 16 19 26.5
ﬁ‘ﬁ%}LR ‘J‘y nm

Figure 1. Composite gradation curve
1. ARRECHIZ

=5 O R BT B 2 0 B R I R R AE, 10~20 mm FHAERL &5 F) 80 A4, 5~10 mm FHAERL S
B, AR SIER R T B T T 2RI B, TR R AT R SR B s, B IR Fh R C i 2R 1) 3
HIRAGEEA RIS ae N 5IE@LRR, RUERILBRI SR & EHER 2 EKIER K .

3.3. ihBAE®’IT

KALBRI T VR A B R T &0 2 VAN T iR & R i ik, S HOK IR &k
OGFC M ik, A KW EH et FiEfexEnEHE, BAEREHENAY: mEHERE
SEURARNTIRIR A, KRFLERIH T TR ARG S R b T R i IR S 3 28 i Im AL, SR AR IR I 4%
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MR AR RS R WEHEA L SECEOR /N, KALBEI 5 R & RO S5 5R FEA IR 72 o
BN, R CHORR I RR SRR R, ZZax atls 5 WG R, Saaitts
B 280 e et T

PR R T A% IR O o 52 50 U S 8RR, JE T e W EE LR R, RGE A it
I A E RIS B RN HE. SdhFHERRSERILE 7.

Table 7. Optimal asphalt content
F1. REFSEE

A WRSLIE LS 5% KBRS 5% Fase EIKN FLER 1% AR5 &%
FH R 0.37 15.9 2.28 30.6 33
Hh e 0.36 13.3 3.25 25.8 3.6
UL 0.34 12.4 3.59 21.3 3.8

M vt <0.4 <20 >3 20%~30% SE

W 7 RIS RIS, SR MBI AR, DR S R AT R, i
KRB N LIRS AR TR TR A RO, 252 2 KA BRI 1 2 ) B PO WA R 5
R, BAHE R A A M

4. FERBEREEM

HRFE E R BV RERK Y RE M BT PP 04T, BERAMT RS Se Rl sl e SN 5, g
% R HETE SE K 3 ANNIT IS ER, S5 h [ TR ehn AL 2 ClEBREVE QA SR B I B R )
HERE I HESBIEORIR R & (R8I0 H SRt DU AT TEREVEAY, RESCRIUIR 45 R LK 8.

Table 8. Grouting material test results

8. ERMHBER

IR T H LR A HARTER o 425
BN s 10~20 13.0
IKEEEL - 0.30~0.35 0.33

B3 h) MPa >2.0 2.8
UL h) MPa >10.0 12.8
LR E (7 d) MPa >4.0 5.4
BUEREE(T d) MPa >20.0 23.3

T4i%(3 d) % <2.0 0.2

WA 8 BRIGLE R AR, HEDFR SRt e A L TR, VbR RT3 /ISR
3 AL TF IR TR 5 B B KRR ) (R R B A5 A 30% 8 R 4iseiz T
TEHORELR, A/NETRF R T 45 TR R

5. FEMREMRERETM

TR EG AR SEMAE S ARE SR L R B R 2R, T E P 1A 5 B8 SR A - S P e T R A % P P
DRI L AR BT SRAME g T A 0 8 P R BEAT 5 FLEESUMA[6], AR SCRIT ST 1 BE SRR REIORE BT~ SRk it T 44
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BHg FPERERISE IR, BT SEURTE RIS ERukl. 1K

A T 18 R VR B TR DR P PE REHEAT 25 VP
5.1. BiREEM

ARG R R B 6 S5 X A ) K

BT SRR IR AR, W AR R 2 M BR AR SR MR RE RS R, e s R LK 9.

K2, K3 PR,

Table 9. High temperature performance test results
F 9. ERMEEKEER

KEHE I BROR B2 FE (KN)
0.30 3161
0.35 29.31
0.40 2559

RS2 5 (K Imm)
12,359
11,896
10,237

31.61

29.31

25.59

0.3 0.35
KEHEE

Figure 2. Analysis chart of Marshall stability test results
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Figure 3. Analysis chart of dynamic stability test results
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H IR SEIG AT A0, BEE AR ELRIE R, 2 RS T AR D B R g B A s B2 e PR IRy, 24
A RLKRHEE 0.30 A 0.35, KIZZE & BImFE AT D BUR B e BN A5 e B kN T 7.3% A0
3.7%, 14 RICREL EE 0.35 #9n%) 0.40, RIZRE & BRI R D8k /R fa e BE A sh A e 2 N 43 3
INT 12.7%F1 13.9%. K BH 2R LR 0.35, TR -ARF5E 2 S /KR EE AR AL BB AR, [Rltk, A T PR R
TS AR B AR e, T B A I R A R R KR L S 4.

5.2. {KiB1ERE
FE TR /NGRS g5, 8T 7O EE S 2 S v B TR MR BE A B2, iR Ee 45 B L ER 10, 18] 4 Fos

Table 10. Low temperature bending test results

F 10 RBESHIXILER

KR BB R R (MPa) PN ETANE A (1)
0.30 7.56 2016.8
0.35 7.21 1975.3
0.40 6.32 1813.1
8 r 2500
756
75 721
- 2000 + 1813.1
=%
27T el .
21500 |}
% 65 | 632 o
& 51000 F |
g° @ :
5.5 500 |
5 1 1
03 0.35 0.4 0 ' 0.35
ZKREE JKEHEE

Figure 4. Analysis chart of low-temperature bending test results
4. REEhiREE RS E

B R AT A, BEE AR RIIG R, SRRV AR IR I BT RIS, A E ST RL K] EL
0.3 M4 N% 0.35, ZMERK AR v o B A5 57 AR 73 il el s 1 4.6%F0 2.1%, 1T 243 A4 ROk}
FCHY 0.35 34N 0.4, PSRk B HIADRI) S Ef /R Fe e FE ANl Aae BE W 3 A/ 1 12.3%7F1 8.2%, R WIK
B —EryaE, TRERMKIRTERE 2 SR TR,  SEma IR B 1A R 2% FH % e

5.3. KB EMERE
ALy N SR B AR AT IR K S RO BREG AR R BS R, ka4 R AR 11, 181 5 .

Table 11. Water stability test results
F 11 KIREMIRELEER

B K B R 5 RS 2L
Ak MS; (kN) MS (kN) MS, (%) RT, (MPa) RT; (MPa) TSR (%)
0.30 28.9 28.2 102.5 1.74 1.7 102.4
0.35 28 27.6 101.4 1.69 1.66 101.8
0.40 25.3 25.1 100.8 1.53 1.51 101.3
TRTHE
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Figure 5. Analysis chart of water stability test results
5. KRREMINILE R HE

A1 EIR RIS AT A, B KOR L RORE R, SRk R 1 BROR A2 8 B AN BS s FE BB M FRAIG, TR A RH
B P R PR M R B 2R L S /N s 3R WD ZJORk BLBRORRT - eV BR TR A /KA S8 MBS, i3] 6 W]
R, ZUKBHECE 0.3 3NE) 0.35, - SRAEHHIFRH) B 8RR E BEMBE RE5m EAR- P42, (H 27Kk
0.35 MG NE] 0.40, -ZVEREE A4 RIS EIUR A2 78 FENBS 258 B2 H B SURIR/DN, 27KORH ELIE 31— 8 IR L
SRR B TR A LI AR O RBURR, T B SRk B T AR R A R e 1 SRR -

6. SCIUEGVRN
6.1. BLTERIE

FEVER MR A T T2 AW AR, RILBEIDI TR &R T AR A R e T . HE T+
BAEU T HE: KEMERGFRSEHER . 8%, . B2, KAMHER SRS, BERR
RIS, FERORBIRIRESE, WEVEE MR A R TH AL BE K T2 97 .
6.2. SCISBRMEBEITMN

I BT 2023 4 10 At T5e i, 2023 4 4 Al 4 lia 8 8 2 Je dATIRERE MV E , S
FE MU CPE B S SR AL R BV ROE 5, BRI ANBOK, MIIEREERE AR 2 (75 B T TR
MAE) (FA0-2004)E5K, XK IR it /A 2 7 AEH BRI HOR . DU R &5 SR L4 12 o

Table 12. On site inspection test results
= 12, PIFEMAIELER

TH RS BARZR Ve
BIKRE 0 <120 ml/min NBK
LABERYE S 0.63 >0.5 mm FHbE

LR 72 mm 70 mm HGEAS

PR 0 5 mm ImHER

7. &g
(1) ST 2 T B TR I 50, DA S B T 43 A 7 22, 300 38 S e RS B L R 535 15
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E 8T A MIENERCET R, HAERH R 7 om BT + 4 cm AC-13 I 5 TR &t
+ +20 cm ZIREEA +30 om K, BREN R IH )25 E S AR, BEERTH S5 8 — R A LRI
PRSI, NBTE A T R SRR A 5 5% .

(2) EETRIFERM B R A0S Y, 85 2 2 v B AR iR e v (R BT Bk
SEVEVEAT, ARG S 2 evE B T ARG P I e B i B2, S5 A SRR R IR VE BB VAN 45 SR, HEREARHELR
it 0.35.

(3) BN PRERR TR B RIS R T SRR, R s N Bk s B TR R L E R
ASIEN MBI R, 450 St T L 200K, A Bkia 4G [RIZR I SeiE e b 2 1 % .

S 3k
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