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Research on Application of Construction Waste Composite Modified

Filler in Urban Road Subgrade

SUN Hongliang', ZHANG Qiang’, ZHANG Xin', PAN Xin', WANG Xiaodong', LI Zhenhui'
[1. Xi'an Municipal Engineering Design and Research Institute Co., Ltd., Xi'an 710000, China; 2. China Construction First Division
(Group) Co., Ltd., Northwest Branch, Xi'an 710000, China]

Abstract: To address the dual challenges of intense pressure on the disposal of urban construction waste and a shortage
of subgrade filling materials, relying on the Hankou Street Project in the Qujiang CBD of Xi'an, the application
technology of construction waste in the subgrade of urban roads is explored. In light of the current road conditions,
geological features and design requirements, a modified replacement and filling method is adopted for the research with
a composite modified filler consisting of construction waste, plain soil and lime. Through layered filling and compaction
degree detection in the on-site test section, the results show that the composite modified filler can meet the design
requirements for compaction degree, indicating that the modified filler can effectively improve the physical properties of
construction waste. During and after the subgrade construction, the detection of key indicators such as foundation
bearing capacity, compaction degree and deflection value shows that all indicators satisfy the design specifications,
which proves that the composite modified filler is applicable for subgrade filling. This scheme realizes the resource
utilization of construction waste, reduces the pollution caused by waste transportation and the resource consumption,
improves the economic efficiency of the project, and provides a technical reference for similar subgrade treatment
projects of urban roads.

Keywords: subgrade; construction waste; composite modified filler; foundation bearing capacity; compaction degree;
deflection value

1E 2025 4F ¥4 ik

T

AT

B 4042 v, K25 3l Tl Bz 3 Y

T2 3l DB T Bl v, R A 2 DR A AR I
AR P SRR I o AR TN e ki A T K

A BEHA: 2026-01-12
EZEN: E=0994—), B, t, TEIM, NSHEmhE
B RREBRIT T,

40% LA b, H FZOR AL TH A KR ER (A 60% ) BT
AU T (1/3) 2B 3T . b I HoA Ly
=R/ NI O 5 N (T S B o s D K
T (TR EE e 5 5 e i 56 ) A Pl (B kL
AR EE) LA e/ A ) ot (F 4 s 5 ) o

Rt 7 1) HE FEUR S i 7328 7 R 1 PR 45

E’/

+ 83 -



AL 5% H

INR A AR A R IR T R IR P 0 R AT

2026 475 7 1

W 11 28 55 AR 2 LA, RO DX it o, E A %o
S SRR R AT M P By 52 W Sl T PR3 A R X K
AR EE R

1 IEMR

X 13 4 5
PG 22 i g SCAR RS 55 XA T P8 &2 T AR RS A
ST & T AR 24 290 hm?, LAV 22 17 g S8 30 78 3 By
S ACIX ARG X, Hodr b X 2 AT & 58 B, P X OB 7R
T, RGN R Z R R By o fES H A1,
A DX L P HE T R S R B IR S B, X
B B A b A R AU AR TP AR AR — AR R P ) Y
WK BT m 2296 m,

1.2 &itHER

R R /D X PN Y O R S R R
iy, AU R A R IR 27 MR B 242071
T2, a8 R DX R b i e AR A N T 2%

DCE A Ry XN — 2 pa b 3 i ok T i, 2K
2514 kmo AWERITEARK2EKL0.2 km, B 2B A
— AR H LR, B\ R 3%, 18 AT N YT, B
KIETT 2985 m, ST NP AR ] 12 1.5, T8 412k
B R 48 m, PO [ XUT) 6 A Wi A BN : 4.5 m
ANATIE+4.5 m AEHL BN 438 +3 m ] 4347 +10.5 m HL3h
ZTE+3 m LAY PR +10.5 m HLBDZE T +3 m 43 +
45 mIAFVLIN ZEBE+4.5 m AfTiE . FL3h 42180 69 ¢m
JE i T TR 4 T
1.3 HRER

%)= T B AMREE S R A E

(1) 42804 (Q,™) « 3= 2 iy fite FU A B 45 2 590 17 I
WR, T U 4L, RS 2
J&1.40 ~4.90 m,

(2)FI QM) : EFEM B LA, & Dk
Yo R, LB AN E )R 0.80 ~ 1.10 m.

(3) B £ (Q) M ¥ (o, RALZEH, 7T WL HLfL,
18 U0 W 2 55 R R R 5 A%, v U ~ IR DA
FURA F, HIRREYE 2R 6.40 ~ 6.90 m, IL)Z KA
EIKERN 16.3%~27.5%

(4)H DI Al 1

W AR, AR S 2 WL B T H R K, =
a5 KA 4 8.00 ~ 18.60 m, fir Ty T3 5 #% +
Ba 1 s

TH [ 2\ DRI T A R b 2 A A S L 1, R T
AT LA, 18 B34 S 7 B, L i JiObR b T 2k LA

1.1

TR 15~45 mARH - 5 RE A+

TR
453, [K0*000 -
152 i pures
4511 i wy wt
450 m #+
url O K0+216.65
g ﬁg BTk 445.215
444, 3] 5
az| L K5
442 | 7
ar] | ] [
s 140 L[ 7k2 [[¥A /
=l 000 439 Pl ogat 30007\ | | [ LI
Y 438 K181 (] I
BT g ; i
= 2 2 = =1 =1 =1 = =1 o1 =
witERm |5 2 2|05 Z g g g2 g @
3 sl sl 2 g gl z| 3%
W/ | o I T I I
B b /m | 2 Z| 8 & g | B g E
- © < © o0 ~ o3 <| o
5 Ig 259 2 2| 2| g 2| 2| g g 2
B R E ANt R bt R 4 A
\n_\
2 REBBARSMXESZITAR
21 AEFHRISHFXILEE

TE [ 30 ] PN R ST S i A L ) T A i e 4
RS A KA LR R R T

(1) 3k

E SRy L SV [ N B e i o e I
R TREERGNE(ELE GARKE %), RS
JZ RS 7 ik B M L R O R . TR E R
A AN IS T A R RN it T
fERIHE .

(2)58 7515

5 7 0 R 75 B I E VR A Y RE A X I A T
75 92, AN 75 i R T B L I 57 SERSCR 2R TR Y
AR IR A 2 5. TR H BN, 7
21775 5 BE M 8 000 km - m B, X TR BURE + (70 1 |
WA ) B9 A RO B B 298 10 m, X5 40 ks +
(FhHE L) A RONEREL 9 m, B FiRFyik
FEA KRR S, N —EE T E A R s
B A X 32

(3) A KBk

A7 IR S 7E 2 3 4 )2 o a] B 5 K
I A IR ATE 118 S EE A RN A B X ] 30 4 A 1y 6 28
YERD, KRR i 28 B4 2 A0 5% S R 38007, — i
T2 R AR B9 100 B, Hob 42 AR 8] B AT 4R
0 1l S A

(4)FLNTR)Z w5

FL N TR )2 58 55 T A 2% 3 2 o ] B i A

« 84 -



2026 4155 7 #1

DR, AR A R IR T R IR P 4 5 R AT

IFEA 5%

M, R FH A - A7 %) S 45 A RN A o TR i A Y
B e R E e M 2 RS S MR . i+
BE R IR £ TR EE R AR ETHLR AW, nT A
FHTESE B ALEZ ok i 2 B A (875 25 H rp (9 A AL
Ytk AT 2Bk . FLINTR)Z 08 25 1A G 00 5 A K B L
A0 B R T 2 A R A D AR
A RAEAR S

i F AT H 8 T B B o O, HAE
H s T/ SCH &8 1] 75 B R #2308 i 2 8 + 23730
R, AR 3T H 38 BR300k X B S R T O 2
[l SEL Ak 3
22 &IHAE

T H B3 T PR R T

T 58— N 7E B LIS HF 15 8 40 em 8% 1 K+ )2,
SR 5 SR FH 2 40 J2 B 58 2 R T0U AT LA T 40 em,
e J 7 B PR T T 3% 40 em 8% 1 K+ )2 .

T 58 O AE BRI R B 40 em 8% A1 K )2,
RIGRHERE B R LIFB AR (BIKE 8%, i
L) R A e R BORE 43 2 8] R S &R DR T 1fi LA
T 40 em , Bz J5 7E 1 PR TR 152 & 40 cm 8% f1 K )2
52 PR SRR RN T 5o B R,
A Sy 5 IO R S R Y 309%~40% (FIURL B e AR
P 37 00 B Bl U 100 P 3 Y ), S OB AR A
1110 em, H/NREAR KT 2 mmo B PR ] i S5k SRR
/N B (CBR) A/NT 4%, BK IR LL N AN T 3%, F
BLIT & AL 5%, 2P A 1% . R
Ji B [a] SEURE R S R /N T 95% , R TH T LA T 40 em
Ab b 3 7 2K ) Ak 3 160 kPa.

M TR AR IFZE TR L L
r B E R

R —TEWAKEE L HAT4)Z S, HF
BN A P SR R AT A X SR R A
— WIS, TR O R R TR i AR
W, AR T HATE R KT R W
A S T B 0 RS b T SR I T A
TSR R, FER T A . 5B % R, R TR
RARRBETT T -

3 IRXBEWUNERSH

3.1 IR
2% T8 A DX PN S b RO o I R AR AR IRk
T4 DU s 38 1 4y oM YE RIHE i TR

s B0 B A9 15 i HEAT SR B 2 L O Rk I

Fir DX A HCA G B i TR 22 5
AU EHIE, BHIER K 100 m, L1
JEGLT 40 em 8% A1 K 1 JZ b, L5 7 o g i SR
BB, IR,
®1 ZRHER

S A RIAB R (T ) /%
(D(K0+000~K0+100) 30~35
@ (K0+100~K0+200) 35~40

T T o3 J= il R A B A A S A
FUR &, BN B R BE 2 30 em, SR )5 2R JH B HEAL 8 43
FE (ZDERPES W) , ZJ5 K 22 458 T
BLAN 22 ¢ 5 A R B s, 0 I T 2075 280 2 AH Gt T
LR, S0 SR 1.5 me
32 KMNERSH

AR DA B SR AT T, i T e T2
FE AR S HLIE LK, B8 I 58 I % S 0 Be 2R AT R
EERG IR AR RS SR R 2 K3

®2 FTWAOEZERMERE

) ifiﬂ% E%’?%E/ E’ijﬂﬁ%ﬁ/ AEE RS
SR 1% (grem™) (grem™) KRI% 1%
K0+025 1.74 1.832 95
KO0+050 ~o 1.75 1.832 15.1~ 95
K0+075 1.76 1.832 159 96
K0+100 1.75 1.832 95
#3 ZRAQEXLEWNLERE
o) if:(il‘li E;&L%“TE/ E’iﬁJr‘%jfi*/ BAEE RS
L% (grem™) (grem™)  KF/%  JE1%
KO0+125 175 1.841 95
KO0+150 1.76 1.841 14.6~ 95
KO+175 = 1.77 1.841 15.4 96
K0+200 1.76 1.841 95

I ek 7, SR b 4B e AE 30%~40% 2[R
IRE I8 BB TT Y e S IR, 3¢ B el R SEURHRE A K
U U I BRI 5T . AR U B I R R 2R F Y
SRR AB B K 35%~40% , 1] Z2 ) FH R 4R by 3%
DA A BRI T IR B 2w, JE 4 v T
FELTEE

4 e T 5y A

B AR 48
R i e 500l 6 A B R AR ) (JGJ 79—2012)
AR YRR FH Aoy 283 50 6T 3% R T 18T LA 40 em Ab M 5E
ARSI IEATAG S o AR PRI ER T AR R B 3 b
ST T R GRS Y T AT S
K25 F R W 4

4.1

+ 85 -



A& 5%

INR A AR A R IR T R IR P 0 R AT

2026 4FE55 7 1)

x4 HERHFNRBERLCER

R ERER WEH AKIbE YL L /mm
M5 m B/kPa  Ji/kPa 160 kPa 320 kPa
T1 1.120 40 320 5.92 17.11
T2 1.120 40 320 5.83 17.94
T3 1.120 40 320 5.62 16.99

Horpr T2 OB B0 PF W3R 5 ARE B AT p-s [
s—lgt f 2R A 22 (L 2 (1 3) o
£5 T2 RBERE NG HIE

17 3% /kPa AT mm ZH TR /mm
0 0.00 0.00
40 1.41 1.41
80 1.41 2.82
120 1.17 3.99
160 1.63 5.62
200 1.78 7.40
240 2.42 9.82
280 3.51 13.33
320 3.66 16.99

p/kPa
0 40 80 120 160 200 240 280 320
I I T T I T T 1
4.00 |—
8.00 |-
12.00 [—
L S
16.00- " T-e-.__
g ® -
320,00
24.00 —
28.00 |—
32.00 |—
36.00 —
40.00 L
B2 il p-sthsk

ARYGR I B E A T 16.99~17.94 mm 2 [f], 3
A RS I A IR B2 E 0 2R A DR (B (s/b = 0.06,
s=672mm). HE2ALIFEH, p-s H L 2 %A AR,
s—lgt 11 2 B 9 T [ 1 722 1k TG BH b BE R, 7R 48 7 34K
IR BB BRARA S

Fie e S b A I 2 AR ) (JGJ 340—2015) %
5.4.3, L s/b=0.008 ( H At ELA% b=1.12 m) , Bl s=8.96 mm
s X 7 8 R g, AN R T e R g o 2 0 — 24
DA A Jir D A 1 2 25 50 R R 3R ) IR AE . F
SE 5 3 Aar 1 56 4 AR AR T RRAEAE A 160 kPa, 1 /2 5031
BRI
4.2 %R ToUE 46l

R T GRAIE (6 i 1) 1 A0 PE AR e T, AR YR TE R

t/min
10 30 50 70 90 110 130 150
| D WP W S " " — Ty
Feo—e—9o—9—o—0—0..
1.00 fe=—0—0—8—8—0—8—8 120 kP
Fe—o—e9o—0—9—0—0.-
8.00 f=—0—0—0—0—e—e—® 200 kPa
—e—0—0—0—0—0—240 kPa
12.00 |~
280 kPa
16.00
320 kPa
E
£20.00
24.00
28.00
32.00
36.00
40.00

B3 7ar#ikis gt gk
TR E T 40 em £ K+ (5K & 8% ) , 32 | H 10 i
= BRI 8 A A R S RE AN S LR .

(1) RS2
% R T T 5 J R % R TOU D 46 A s 552 BE A ), 4
MR &K 6,
x6 BRIKRTNEIESSERNERSITR
o it FESEF#E, BRI -
HES JE 52 BE 1% (geem™) (geem™) HESR /%
K0+030 1.675 1.745 95
KO0+090 1.658 1.745 95
=95
K0+140 1.710 1.745 96
K0+200 1.693 1.745 95

TR0 48 R W R S A TO T R SR R Y K TR
KB 95% il R BETHE K .
(2)ZYiH
AR BE T I PR T 1A 25 TAE S 248.4(0.01 mm) , &5
DUREIN 5 SR L3k 710
®7 BEMESNRNLERGEITE

BTSRRI e B it Dl AR

i 0.01 mm 0.01mm FRfEZE  {i/0.01 mm
K0+020 119.8
K0+040 115.8
K0+060 105.8
K0+080 142.0
KO0+100 159.1
K012 248.4 37 17.6 153.7
KO0+140 110.0
KO0+160 148.1
KO0+180 141.6
K0+200 132.1

PR, DL e S PB4 8 129.9(0.01 mm)
K Ly=a+bXLyy, 25 AT A 25 i gh R W %

+ 86



2026 4F45 7 ) IR R, A AR RS E R TR e B AT SRR B
PR T 25 DA 246 4 153.7(0.01 mm) , /N F #3125 AR 2R B, DT RRAR TR 4% 9%, i 0 5708 3 300 7 I
UTAE 248.4(0.01 mm) , i B THEK ORI I5 Y (R T E%Lir? W7 et 5
EM.
5 & iE E
L P A 37 AT LA zﬁé‘ﬁiiﬁ( .
T B BUR BTG DL, e 28 76 TR FREER /D | [T] JEIRR T 47 VR MU 3 TR S I 4 o 7 B F SR D). 1 22 - K %k
T 22 55 I T 1) A R 7 48 33 3 o 3 J% (% ik R 1 ﬂLf_@ 22006
BFFs LE AT (2] ZEB . b B 0 (55 = B ) MY A6 52 - o e £l 50 Tl th o
#,2008.

(l)Zl-UﬁEﬁtﬂﬁﬁﬁ“@miﬂiﬁ+?i+ﬁf(i‘ﬁ
TR AR 8%, B LE ) " Y A2 45 i R SEURE X i R R AT
’fﬁ,iﬁﬁiﬁgﬁ%ﬂﬁéiﬁi‘ﬁiﬂﬂ,,n%kIAEAE&EiEﬂ
RE IS B BTt e 52 B K, 3 W e R OB BE A 20k %
SR S R PR TR

(2)2R HI52 & Bl R BUBHESR 5E UR X FC 00 i

P30 REI IR, 4 I 45 R B BB HE, 25 6 R

E‘Iﬁa& TARZIN SR A DUE s B B EOK
SRR RLAE S OB AT T R R

(3)2R 152 & B R BURE X i B HEA T BUSR, l A AL
P DX 3l Py A S 3, D S S 3 B s e A

(E#F62m)

[10] HU H, WANG J J, DONG C Z, et al. A hybrid method for Damage
Detection and Condition Assessment of Hinge Joints in Hollow Slab
Bridges using Physical Models and Vision—based Measurements|J].
Mechanical Systems and Signal Processing, 2023, 183(15): 109631.
[11] GONG Y C, QU C X, YIT H, et al. A theoretical analysis method of

transverse modal shapes of hollow slab bridge with hinge joint

damage[J]. Structures, 2023, 56: 104832.

[3]
[4]
[5]
[6]
7
[8]
[91

[10]

[11]

[12]

[13]

[14]

« 87

TR, S F . T 2 3 A TR O A R A 5 N
RS BiEE, 2018 (11) : 57-60.

CECS 197—2006 fLNTRZ5075H AR [S].

T/CMEA 5—2020 #4373 1A A2 RHE 6 0 FH B AR BLURR [S].
WA, 3 06 VR Al S, A L JE T TR SR 1 G A TR SR R R
SEJREAFR I HAMA B, 2014,34(3) < 1-5.

JGI 79—2012 £ 57 Hb I Ak 47 AR H [s

JGJ 340—2015 7 57 i FLAG DU 7 AR MLIE [S

PN R EE X, 45 LN 2 R TF /%Eﬁﬂf TB K % B 2 4
- b 3 b SR, T TE B S B, 2024.(9) : 187-190.
TG . A VR SET I R R A3 AT 5 T A ], A8
BHHE,2017(3) . 23-26.

JTG 3450—2019 7 {8 it 5 1 1 I 37 IR (S).

[J1.

ZHAO J Q, ZHAN J W, WANG C, et al. A dynamic stiffness—based
two—step method for damage identification of joints in hinged slab
bridges using support vector machine|[J]. Structures, 2023, 58: 105657.
TR DR RUE R, s, 45 a0 AR AT B AR B ML BIORS AR AL AT
BRICATHTLI. 23 T2, 2021, 46 (1) :205-213.

PR, BB, LTS, 55 L 25 20 A0 SR 0 100 20 Al R BOT 5
WEFELI. tH FAR 22,2025, 53(5) - 84-90.



