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Split Grouting Test and Application of Foundation Reinforcement
in Collapsible Loess Area in Northwest China

LUO Xiaobo",SONG Yu,GUO Qiming
(College of Civil Engineering, Lanzhou University of Technology , Lanzhou 730050, China)

Abstract:In order to verify the effectiveness and practicability of splitting grouting reinforcement method in
treating collapsible loess foundation in northwest China, and to guide the safety construction, firstly, the split grouting
field experiment was carried out on the site where the reinforced building is located. After 56 days, static load tests
were carried out on the natural foundation and the grouting composite foundation. On this basis,a 30—day immersion
test was carried out to collect the raw data such as grouting micrographs, bearing capacity and collapsibility. Accord—
ing to the test results,combined with the on-site building,the same materials and test methods were used to correct
the tilting and reinforce the building. The results showed that: under the condition that the maximum pressure of pri—
mary grouting was 0.3 MPa and the maximum pressure of secondary grouting was 0.6 MPa, the method of split grouting
with steel tube with mass ratio 1 : 1 cement slurry and split grouting in two layers showed a good splitting effect. The
bearing capacity of the loess foundation strengthened by splitting grouting method was nearly three times higher than
that of the original foundation,which greatly improved the engineering properties of the loess. After grouting, more
than 67% loess collapsibility could be effectively eliminated. The building underwent uniform settlement and had
good stability. In addition, a new settlement calculation method based on pile—soil stress ratio for composite foundation
with small pile diameter was proposed.
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Fig.1 Distribution of subbasement soil
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Tab.1 Parameter value of soil layer under basement

+)2 12 JE B m fLER L SRR/ % PR /% FE/(KN-m™) bEL/NEA z/m E./MPa
@ w2 0.3 — — — 18.0 — 0.4 80.0
©) ESI AR 1.3 0.954 17.8 302 16.9 0.40 1.7 5.7
® M+ 5.7 0.942 18.1 30.9 18.3 0.35 7.4 9.3
@ M+ 1.3 0.942 18.1 30.9 18.3 0.35 8.7 9.3
® # AR+ 5.6 0.874 18.3 314 18.6 0.32 143 11.8
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Tab.2 Physical properties of cement
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Fig.2 Layout of instruments
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Fig.4 Diagram of steel flower tube (unit:cm)
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Tab.3 Graded loading
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of the composite foundation

SRJG AT, KSR IR 15~20 em, BLIK
BRI LK 30 d, MK ELA N 168 m?, BT
KIS ANE 7 FiR.

BT RX3IgEARAE
Fig.7 Water injection at test sit

XHR KB BL(30 d) R 5= 1R 7K B B (30 d) B9
MR T4 e sk 4 Bk,

*4 KIBREILRE
Tab.4 Recording the depression of test pit

- HE I e /mm - HE R e /mm - 1B /mm
KR KL HA S KR KL HAEHEE KR Hh B A I
1 0.0 0.0 11 539 17.1 30 105.4 32.8
2 1.5 0.5 13 63.6 20.2 35 108.5 339
3 3.1 1.4 15 72.3 23.0 40 109.4 35.2
4 7.3 2.5 18 82.9 26.5 45 110.1 35.7
5 12.4 4.1 21 89.8 28.7 50 110.5 36.4
7 18.7 6.2 24 95.2 30.6 55 110.7 36.7
9 29.2 9.3 27 100.1 32.0 60 111.2 36.9
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Fig.8 Site excavation and effect
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Fig.12 Diagram of splitting grouting

4.1 tEXMALLHESE

M BAR, 2 BaA A AR A —
B, R e T, WA B TR S5 A 8] TR .,
MHEAARDTRE AR 2 R 18 s, . MEB RS s, St
S N AR s, U, G R 20 (1)

SutS.+S,=s, (1)

Fiv AR R s, RTIA R B A 1 48 A T
B ARSI o, A

7, = Qﬁﬂ (2)
K. Q, IHETIATEE, kN f AR EERH 7, kPas A,
PEMIZRTEIAR, m*; A, Sy BABERE S A TR A, m2

W ER 432 R AT SRAS AR B AR ot s, :

S, = z%(zj&j_zj—]&j—]) (3)

j=1 8]

KB NI T j 2 R R MPa; 2z AAE
vy N R IRERIREE  ms oy WILIE TR j 2 HIEH
(ORBS[ YIS @

MAERRE NG, FTACA ] 1T s, RS2 A
JEERH 150, APl A TR] = A BRI, 3 o, A FRTT AR,
= (4).



58 TIRE KA 4 (A AR BRA AR ) 2021 4F

s,= 2 2 (zo -z ai) (4)
PRI AG G s, BEEY A& s, JU) ] A THUR
BRI S) o, RN
- 0,h
s = (o, +0,)L (3)
‘T 2E,

oL L R B L mah SN E X TS R ENR TR
TR EE , m; E, A2 RAG R B, AE B TR 45
, MPa.

Bear=0(1)~20(5) ATt

n

h + A L Z o a
; g; (Zi&i _Zi—]&i—]) (6)

FRE AT DR Al R BETSUN, ST o, S50 TE] )
T3 o WK R

No A, +0 A =F (7)
AL D B JRAE ] TR, w5 P O B A A
i 2%

RSz (6) (7) AT AAE LR JT LG 0, # o, IRIARA
() nIFFA 5 MR A SR
4.2 [FIHAE M E 3R hn B i R RS

R S DU 25 SO s AL e i 22 Tl PR 13

PR 4R , 3= BHE S it & AR 3 ST TR  BEARTTRE
MR —FINZE , T R S S 7E L S E 2
P BRI A, 1.2 57 FHE K VAR, S BT
RTWEMN A 3 .4, INTTIERT 1 BF 283 ] )y Cab #i
T Bl R A R

ML B 1] e/d

0 40 80 120 160 200 240 280 320
0 T T T T T T T 1
Ir —— 1
2r —a— A 2
3+ —e— MM 5 3
ak —a— WA 4

5T

=1

& 61

1w 7T

£

=) 9_
10F
11F
121
13F
14+

B 13 SR M I AL
Fig.13 Settlement changes with time of building

4.3 TEXGIR XL 5

M & 13 ATEH  ERPTIRE AT 5], DR IEHR
LR o) (e — 2B I RE A T 0BT, i A R R
SR BRI BE A3AT W 14 PR,

o] 0 (o] o] o] 0 < o] o] Q (o]
Q Q Q Q 2 o Q Q Q Q Q Q [+] o
Q ] =] Q Q }jo ] Q Q Q (2] Q Q 8
O o] [e] [e] [a] [e] [e] o] o] Q o] o —
o o] o] (o] o] o [a] [« o] o o [e] (o]
16 400

B 14 EHBEABRTAEEESHATEE (4L mm)

Fig.14 Strip foundation size and grouting pile distribution(unit:mm)

TSR &R a2 2 800 kN, JIsR75IE
ALY F7 170.73 kPa, AR B E )Y /7 25.35 kPa,
IR NN 34 145.38 kPa.

A A (2)sKRAFHE IR ST o,

o = Qp;fAr - 0-020»0‘2)-25”'03 =0,~2 636.25(kPa)
. .

A Z BFESR W s, DIRETT R ILER 5, AT 41,
s,=0.191 20, - 504.051(mm ).

PR32 BRI ESR AR ] - T0R% 5., DRI
Giit L 6,4l s, = 0.44 o,(mm).

KA SERARK(4)(6)(7), RIGFIRAUTIEE

A 23.945 mm.
IR FISCE R R , R ATk R A 2
TS n 2 A MR TR & 1 BT R R E A s
FINERTIFETRE RIS TR 7.
&5 MBETER

Tab.5 Settlement calculation

42 z/b a E.;/MPa As/mm
@ 1.3 0.839 6 9.3 0.117 40,
® 6.9 0.284 4 11.8 0.073 80,

by — — — 0.191 20,
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Tab.6 Statistical of settlement calculation

T2 zi/b Q, E;/MPa As/mm
@ 0.4 0.9940 80.0 0.003 9o,
®) 1.7 0.847 2 5.7 0.20,
® 74 0.428 4 93 0.1860,
@ 8.7 0.386 93 0.020 20,
6 143 0.265 2 118 0.030,
Yy — — — 0.440,
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Tab.7 Summary of settlement calculation results
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FAR G ' '
A I
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MR 83.204 15.971 25.53
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gk 50.650 21.204 0
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