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Abstract

To address the engineering challenges of “difficult compaction, excessive settlement, and bridge-
head bump” in bridge and culvert abutment backfilling within the non-permafrost regions of Xizang,
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this study focuses on foamed lightweight soil as the research subject. Employing experimental testing,
construction monitoring, and comparative analysis, the study systematically investigates the mate-
rial properties, construction processes, key quality control measures, and critical parameter detec-
tion methods of foamed lightweight soil under the plateau environment in Xizang. Additionally, it
compares the performance and engineering applicability of this material with that of traditional
liquid fly ash backfill. Results indicate that in abutment backfilling within Xizang’s non-permafrost
regions, foamed lightweight soil enables non-compaction construction with a settlement of no more
than 5 mm. Compared with liquid fly ash, it exhibits superior mechanical properties, higher construc-
tion efficiency, and better long-term stability. The key to quality control resides in the gradation of
raw materials, the precision of mix proportions, and the regulation of curing temperature and hu-
midity. This study thus provides a novel technical solution for bridge and culvert abutment back-
filling in Xizang, offering substantial engineering application value.
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AR S BRI ZK(15C~200C). FKEFR(7-8 H)EFES, HEL4 a5 R aRE
Bh GHPRE ) T e S R M AR AR (A BUR LR % 30%~50%) . J5 BAVTRE B K (AT & >
15 mm)&E el @, W5 51U Mk Bk G, RN AT R A HETIE 1]

WA BR “rI 2Rk IR AR /> 68 BEP S, (AR K 1828 d FUERRE <
1.0 MPa). WK Z15(>25%), 1EPIB TR &I T 5 H T 2080 . IR LAE N —Fh 42 2 4L
MEL, B CAERS. SRERE. RS EHEESE” SR, CEFEMIX 61 BEE IR A 2
[2]o AHEEXSPEIRAR K AR L X IR EEIERPE . AR WA R SIS R 2 R s, k= 24
W5t o

] P A1 2 3 S5 74 g R M DX [ SRR T R 3B 7 Wi AL« 24 45(2022) 18 5 75 g A TR Sk iR
H, G L ARG RHERR 4000 m LA F X SE S TA AR 2R AN A& 60%, A9t H 7Y e 55 15 4% 0 8] vy Ji s 4
FEINRCGER: KEETFQO2L)WE A KIN, WA ERKAERALIE K A L XA S, VR EIR (F£34>50
W) Gy r= e B R 28 8%, 2 4F B Ui R sk 28 mms A5 (2023) SR TE A K H 45 N G KA K 24 1R 5
fE, B 28d PiIEIREIRTIE 1.2 MPa, {EEAIE I 30% HLjiti T 7 44 iR, wE ORI [3]-[5]. 7E
WBARRE R 7T, K6 (2019). BB SE(2021) (R S AR o T SR BRI R FE A HI X, AR ERR P AR
B - SRS - SR AT RIER T, W F R TR N S A AR 1 4 T 6 L
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S “JEMBHER - B LA TR - BRI - R AREREESAR, &R S R T %
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2. MARRIMMFESERENY
2.1 MREmMR SRR

WK R - BT RH(P.042.5R 7KIR) B& BHUZKBEIRK) . STk B AT 7K A7) (o
TR I LL R A Rk, oA Ot R s I = N RIS 0 o

WK - (K2 TR I (75358 FEAUNAE G A A BT 1/3~1/2) 7] K PR & 1 a6 3t (R B i 28,
WG EA S ST, HRIFRAE@ B > 180 mm) AT Seil “ A2 9e” W, TEIMIESS, &R
R AR N B 21
2.2. ERFEENY

P AE K AR L X FE I RiR-2°C~8°C, AFEHRALIEIA-15°C, IR (FF4E S & 6000~8000
MI/m2)SFAE R RE A B R RIS (RIEF P RIS HEE 5°C. —B5°C, RAMEZ LI RE
ST R RIRAEE T, IR 5 R BRI (20°C)IR4E, (5 28 d fiEsmEJinlis 1.1~1.5
MPa (-5 CF&9), 2 675 [FIEGR R, X152 T FoRmKFIX K P8 K AL BERE {2 3E [8]; 48 300 h 5
KA 5, WKBR RN EHEFH, PUEREZNE < 5%, BTHRESHEKCERE > 12%),
RO ILAE oy R AR S A N B R IR e
3. BARRTAEEEET SR

SEETUIRIE A B KO+041 /IR 6 15 [ RS, i) 40 Tt 05 56

3.1 LR
FEE AT 75 T G 1T FE LT 2 K, 0 RSB (R M 1:1.5) SR B /K R RS S HK T (- 20 mm),
B 112 005 T

Fo & it RIS HAERER AL, SR < 10CH, $IKREHE 5%, FimmKFsaiR
4 1.0%:;

WGP R SRH IR, JeR KT BB K. AMINFRIEEE 3 min, FEI0 T ok (R 1A%
22 )P EE 2 min, RIS TS,

FEIEBE: KA 80 m3/h JREE 122, HikE AMELORIEAR (R 50 mm), B kSRR AR 2 BB,
32 )52 30~40 cm, AHARZGESRAIRE <2 h, BERXDEEUNIE 1 FR);

FEYPVEH: WA ES A + SRR, WKIRY 7 d (FIR)BE 10 d (IKE), FRy AR EE -3
3.
32. REFHIZER

3.2.1. E#REE
KEFAEEK B d PUEME > 17 MPa), JEEAIREMAE > 20 5. faEtt >2h (FRE 2h, WKE <
5%); MR T AR bR e (Be kB < 8%).
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Figure 1. Photo of the concrete pouring construction site
B 1 RAEINERA

3.2.2. BE&ELIEH

15 TAEHER I AR 35 BE (L /2 hy, B {R-7E 1000~1200 kg/m3 G A A5 3 w2 > 5%, %S
ANHE
3.2.3. HETLZiEHEH

FARBEHE: FIC LR B R (DT, A TERE IS 40 234h Py 320

FIEGET: RTINS JE (=180 mm), FIANMEAE, EREIG IR 52 BRI R I
NIRIGHERIGAIR 50 Hz) Bk, B mi R i ik 4544 ;

FRPPEEL: PRI, EEEIE >7 K. KEBBRIEY =14 K.
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PR T, S EIEAIAT NS B (T R4E . 5, IFM TGRS I Sy 2Rt .

4 ERSBRNELGRSH
4.1 WNBSHEHZE

H3 4 GB/T 50081-2019 (VR#&E - PyFE F1 4 VEREIRIG 7 iEARE) « JGUT 341-2014 (iR TR &+ N FHH
AFFE) . DB33/T 2181-2019 (A B RER i+ 0 FHEARITEY (WriL) A Famsebr TREFR R, 2% O
MSETTE9], BRI E A (5] 2~4) B3¢ 1 iR R AN S 80U bt

Figure 2. On-site testing of the fluidity of foamed concrete
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Figure 3. On-site sampling and specimen prep-
aration
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Figure 4. Core sample testing
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Table 1. Test parameters and standards for foamed lightweight soil
%= 1. EFRRRTENSHEIRE

ER:EEEL Rl I An e WA
Sk 1 (kg/md) 1 ¥KI2 h (i T A7) 1000~1200 AEEEQ0 L AR
T-% JEE (kg/md) 1 #4/500 m?3 <1200 2N
7 d PiE R (MPa) 1 41/500 m? >0.8 JEF1iR 5
28 d P58 Z (MPa) 1 #1/500 m? >1.2 JESAR A
28 d 7K % (%) 1 4H/1000 m3 <20 EIKIRK (K 24 h)
¥ & £ (mm) 1 7%/500 m? >180 s B & 1%
PG (WI(m-K)) 1 ¥X/500 m? <0.25 32 P T AR (TPS)
UUFE F(mm) 1 7%/30 d (2% )7) <5 (8% 14EN) IKHELCHRE I (77 B 3 AN il )

4.2. BIFEMER

/MG T B T, R 6 AN H MM, AZOSBOG I EE iR

FE b il T 2R AR EA(E 1090 kg/m3, 5 {E 1060 kg/m®, 343 2 S g britE, HIkzhu <
3%, R HUIFCA Ll kg v s

SRIEFEbR: 7 d PUETRZEME 0.95 MPa, 28 d #H 1.52 MPa, & KERE, T BRIFERE8d >
1.2 MPa);

WK 28 d /KR EIE 16.8%, fIKT 20% 4% flksitk, FIALITBMERE R LT

DibEE: BEE 6 MHAW, BRKUIFEE 3.2mm, T TS A REEEIS mm), ARG Ik 4

I 5
5. SRR 24
EBGE SRR (LFA, BCE L B/ AMNGR = 1:0.4:0.005) 1 Axt LbAf gl T [Fl— TR

(H W& S2ERFIX, 4k 3800 m, S 5°C~12°C). AH A4 bR HAE(GB/T 50081-2019) FF 136, 4 i &
7E 6T A & I PE[10], VERLE 2,

Table 2. Comparison of the properties of foamed lightweight concrete (FLC) and liquid fly ash (LFA)
2. MARRLT(FLC) SRSHER(LFA) I REXTEE R

= dti=7 7 HkE R L (FLC) WABHK(LFA) L%V
T4 (kg/m3) 800~1200 1300~1500 FLC (I 27%~47%)
28 d P (MPa) 1.2~2.0 0.5~1.0 FLC (&S 427t 20%~300%)
28 d /K 2R (%) 15~20 25~30 FLC (JistETEAR)
AR (MPa) 100~150 50~80 FLC (AL RE I T i)
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it T SRRl — 80 m¥/h W&t 98, FLC WZEikFR S > 200 m, HeffifE 80 m¥h; LFA Kiz)
MG R <150 mm), RIEIEE <100 m, HEHEE <50 m¥h, FLC jifi TRCRIET 60%;

VRS ZE 142N, FLC I RUTE & 3.2mm, LFA ik 22.5mm, FLC A] KR AT Sk Bk 45 R ;

LU T A4 FII AR (LCC)RAL[10] (PHEAFt: 20 SEAE A A, SMBERIE. i T, &%
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(300 km iz fR). 44 R P 2024 SETHT A, LFA 4 5 B4 1 IR(FIX P 50 J6/m3), FLC
THEY) 5 FLC ¥IEAH4r 400 Jo/m® (&isfi 35 J6/md), 20 4E LCC A 400 Jo/m3; LFA HI46#.47 300
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kg/m3 =T LFA ) 50 kg/m3, {EHMEKI5 5 60 kg/m3 (KT LFA ) 180 kg/m3, H. & IHIMEHR).
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MPa 9375 A BT T P A IR . 955 2ok <1.0 MPa 5 IEBR B, (H R5 5 5 VU JECA b SRR 3t
LA A2 (FASEX ) PR ] 2
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B - 2T - RIBFRY” IREEHIAR, FTHRIEKRER - 6% FIHE TS, &R
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RRKIAT Tt FE AR, LRE AR, &G 1E AR K AR L XA G 1 R HET R .
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