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Shandong Provincial Airport

Abstract: In order to deal with the problem of backfilling
in the narrow area of the underpass in the high-load flight
area, a large amount of construction waste and silt
produced by the reconstruction and expansion of Jinan
Yaoqgiang Airport was used as the main aggregate to
prepare the controlled low-strength materials (CLSM) with
the characteristics of high fluidity, self-compaction, and
high strength. The test results show that the strength of
the test group mixed with construction waste or stone

debris increases significantly compared with the only silt
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used. The modification effect of construction waste is
about 80% higher than that of stone debris. It is more
economical to add construction waste than stone debris,
but not for the increase of the cement content. The dry -
wet cycle strength of the best mix ratio decreases and
stabilizes at about 1 MPa, with the mass loss rate
stabilizing at about 1%. The compression performance is
the same as soil with a 6% cement quality score, and the
compressive deformation after the dry - wet cycle is much
less than that of silt, which meets the long-term bearing

requirements of the foundation in flight area.

Keywords: road engineering; foundation pit backfill;

controlled low strength materials(CLSM); compressive

strength; durability
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Tab. 1 Basic physical properties and composition of silt particles
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Fig. 2 Grading curve
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Tab. 2 Basic physical properties of slag, stone chips, and cement

0~0. 15 mm
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Tab.3 Mix ratio
W AR AEE kB KR GRS

[
W v R/v R/Y% O R/Y E25em)/%
Al 100 0 0 9 39.0
A2 100 0 0 13 37.0
Bl 100 30 0 9 22.8
B2 100 30 0 13 22.5
B3 100 50 0 9 20.7
B4 100 50 0 13 19. 3
B5 100 70 0 9 20.3
B6 100 70 0 13 19.1
C1l 0 0 30 9 21.0
C2 0 0 30 13 20.5
C3 0 0 50 9 21.7
C4 0 0 50 13 21.2
C5 0 0 70 9 21.4
C6 0 0 70 13 20.8

VE  HEEB RO A T D R 10 B 4B I 1 I D
it s A4 i A K VR T/ R0 s 1 % ) it s K ok
Pt/ B AR R b, T
1.4 RKEHZE

(1)CLSM 13 sh it Jy 2 2% M ASTM
D6103, #&H ©100 mm X 200 mm K [R5 5 [ 5 3 1
T8 4, 2y 2~4 s SERN, ST R BRI RS YIPE
PR IE PR ET ) F A B R A5 RO
MR A FRATHE 90 s NSERL

(2) Jo i B 40 1 5k B 3 50 2 2% M3 ASTM
D4832; IR A BE NI 48 h 5 AR s b v 72 5 2 i 10
A1 RIZK, FEHER A T mmemin ', 2 /0JFJ# 31K

(3) 4502 % Okl £ ic A& i iR )
JGJ T233—2011; iX 50 ¢ B2 @61, 8 mm <20 mm
(IR T] FREFRP TR IR 7,28 d; IR GGk 50,
100,200 #1400 kPa, BEZFIFRAF A2 1 h WAL A
#1730. 01 mm.

(4) TIRAE PR 7 AR FLE ASTM D559;
Bl AL TR 28 d R4 12 IRFIBIE 3R (5 hi7
K, (2041)C;42 hi, (714)3°C) il ad T
O AP AP e SN R STiNYI @ Y P W g
HR 4707 mm X 70. 7 mm X 70. 7 mm.,

2 NEmESRERERES S

2.1 FTMRIIERE

&l 3a Fl 3b 430l B T AN [ s FlLA JE B T
CLSM ) 7 d TeM BRBT He o B R AIE o 5 2 45 T H (B
R g6 2 A b TG 5 A R B B T . T DL
L B I A T I, AR R R R SR G e N
Ja 2l B R BN RIFRIET ] ST AR
JEM S, vl LR B 7 d 9B Sk 28 d i B 1Y) 50 %0~
60%0, i 2 A~ FEINKRBET,
HWE B 30 %5.50 % .70 YolsksE EE A ) o bR
FEGR Y 231 %6 .323 %0.692% , Il B ARG A
PR B AR Ty ke . BB R O ~
5096 B, ik B 4 Tl 28 L T 2%, T e i 1B
509 $&F+ 2 7096 B, b4 Ak o B G, 15 B G e
PORHELA S8 S 2R 45 . 13% KRB RS 9%
KIe B s B SE it & B — B E S W A
JE L HAT R R

& da Fldb 435l B T AR @S LA JE B E T
CLSM 19 28 d Jofill BRYT R 5 FERRAE . LA K] 4a FlT
Bl 4b AT L& B, B A 1 s i i 4 T 2 T



%9 MG, 5 S AP A AR R R MRS R T 1367

201 o e 6ag, | 20T st N
& AR I S| S b
2 5t I 1500 X 150 e AT H(E 1500 =X
b s # o
= {400 & 5 a0 §
]i L - ]i O Y
2 1.0 BN & 10} &=
8 {300 B = 1500 3
= {200 & = 2
~ 1100 = 1100

0
JEIBE 302 S0%AIAIAE 7006 AR O B 0% S0%IEE T0EE
B B EZ s = = 2

a 9% /KRB R T CLSMBR B H2 A} LG

2o 2 1 Z B

b 13%67KJéiB it T CLSMBi BEH T HU

El3 CLSM##87 diRERFALILE
Fig. 3 7 d strength lifting ratio of CLSM material

JEZ L, BIXT s B R TR E R T AE . ik, &
A E B AR EE B E 1R & CLSM W5 &, 3F H

692

301 o sshoRm 2.70/692 1 7%
B 7 2 .
250 —a HHETRITART; LAY 546

—o— 1 JESR IR T LA 1500

20
1400
1.5
1300

SRERTHILE / %

1.0 1900

28 dTLMBRATERSE / MPa

1100

T 30%HIE 50V EE 0% B
B BR BR

a 9% KUeB R N CLSMER BT} Ut

W42 40 138 T i3 K, Y AEAB 1R 7000 I 5k i
R A T B PR TR R T A

407 7690
O s PR

< 357 WG JRHUERIE 1500
SN .
Z 301 M Lago =
25t o
% .z |
-‘: | i g
j]?@ 2.0 300 @
% 15+ 1200 #
E L0y, i
e 4100

TR 0% S0 10/

Z B Z=EN Z 5

b 13% /KB R T CLSMR T+ H(H

4 CLSM##lH28 dE2ERFLLE
Fig. 4 28 d strength lifting ratio of CLSM material

2.2 EHETHME

TEREA BRI ANE AR R G R AR 2
B )7 AHENTFE Ry AR Es F R AR 2 1 3
P R AP RMR IR T 2 B BE 5 (AR, L EEHK
B AR e 1 LA SA TR AT X T PP Al A A
SERIRRE S T B . AN
SRFHRIR P (100 0 RS2 Bk B 54 6 6 K 8
AR L SRR BS BC LA T4 L

FH [ Sa AT AT, BS BC A LA RE Y R 45 5 5 K
THRD W 55 T 690 BB 1 (/K Jé £ s AR5 & 5b, 48}
ST it i O ARL TR D 6 06 B K U8+
& Z T, BSELA U MR R EE S L 626 B ik
LT R, LT ex BEnkit. Hit
BS AC G LU RE R HIAEEEGT BIE o _E R4 A8 1y 2k
FBRE ey 287 RS ) He 4 A8 T S 2/ N T3 15 1

(I BRI 6 Y0 BRI £ .
2.3 TFRIER TR A 8L

JITIRGE B AR 2B I FH 5 T 1) T 3 i 1
(25 G R M BE RN AL ) EE A AT IX T 2
X B KRR 44 cm, -S43 R K ALAEHER LA 29
3m. A BHE TIZK AL Z N RO 52 VRl 2
M o (ERDRML TR A PRI o, AT BE | o et i
KA PEREVE MR TG T (i APERE

FEIE 6a 1, CLSM M4 5 B AE T 3 UG
RH: TR AL, 5 BEB R 2 60 0 , 78 J5 BER TG 3R
g BEfRUE T 1 MPaZi . HIE 6b T, CLSM #4
P BT AE TR AE PAE RS 2R A B 224k, BT i
RFFELE LY oA o UL al 0L, e R AR IE 5
THRAS R B IRBE v, P FhobA R A B B SR AN 25 Bk
113798



1368 A 5% K % 2 (A R B2 MO i 52 %
60 101
g
—e— JK7b
0 0.8 —— B
- . 0.818
S 40t E
~ > 06T 0.618
I 30 2 0.444
i :
= w04t o 0.452
¥ 20 &i 0.29 0.380 =8
02+ ofo 0.254 '
10176 0.191
A%L.% 0.131
0 50 100 200 400 450 0 50 100 200 400 450
&1/ kPa 71 / kPa
a JRARMEE b R4
5 AEMBHNEREESTEE
Fig. 5 Compression modulus and deformation of different materials
3.0 1100 700 £ 11.6
2.70 0 3gp s — %%TE‘IS’E?
2.7C i kR |
o5l B AR R 6001 5634 560.8 556.6\5543 558.2 1.4
P 500 30y 125
= - o0 e 110 >
-\El m\%‘ 400 F 1.0 ﬁ
m 151 | 10.8
R B 300 - =
2ot é/ 7 @&H
g L | =
e 200 5 10.4
0.5F 100 + 10.2
0
O O ../ 1 1 1 1 O
0 3 6 9 12 15
PEFRREL / Ik EIRER / Ik
a SR b JiiE
Ee6 #MHAEESREMTRBERRBNTHRE

Fig. 6 Variation of strength and mass of the material with the number of dry and wet cycles
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Fig. 7 Variation of compressive modulus and deformation of materials before and after wetting and drying cycles
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Fig. 8 Cumulative vertical settlement of different backfill materials
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Tab.4 On-site performance testing of backfill materials in narrow areas
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