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Experimental study on deformation characteristics and coefficient
of subgrade reaction of red mudstone

Zhou Qijian"* , Zheng Lining”, Deng Ronggui' ., Chen Jibin*, Luo Yibin®
(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 611756, P. R. China, 2. China Southwest
Geotechnical Investigation & Design Institute Co. , Ltd. , Chengdu 610052, P. R. China)

Abstract: The deformation characteristics of rock mass and the coefficient of subgrade reaction are directly
related to the internal force, final deformation and deformation uniformity of foundation. Determination of
reasonable coefficient of subgrade reaction is important for high-rise buildings, especially super high-rise
buildings. Taken a super-high-rise building in Chengdu as example, plate loading tests of red-bed soft rock
foundation with different plate sizes and shapes were carried out. Besides, the uniaxial compressive
strength test (UCS), conventional triaxial compression test and direct shear test of red-bed mudstone were
carried out. Based on the results of laboratory and in-situ test, the relationship between UCS, elastic
modulus, bearing plate size and coefficient of subgrade reaction were analyzed. The results show that the
coefficient of subgrade reaction has a tendency to increase with UCS of rock, and the smaller the bearing

plate size is, the more discrete test data will be obtained. The coefficient of subgrade reaction of red-bed

s B #3:2019-09-24

ES TR WA B AT 5B A (2019GFW176)

PEF B A JA A (1979- ), 5 Wb AR i RN, BN ARER S £ R TR RIS, E-mail : 280460270 @qq. com,
Received: 2019-09-24

Foundation items: Science & Technology Foundation of Sichuan Province (No. 2019GFW176)

Author brief: Zhou Qijian (1979- ), PhD candidate, senior engineer, main research interests: engineering characteristics

of special rock and soil, E-mail: 280460270(@ qq. com.



%4

Bl A, S a B ETEHBHFERRLRZAMUBAAREFR 61

mudstone obtained by 500 mm square bearing plate test is recommended. It is found that the coefficient of

subgrade reaction of red-bed mudstone layer has a hyperbolic empirical relationship with the plate size. If

the coefficient of subgrade reaction of red-bed mudstone layer is modified according to the empirical formula

of clay or sand recommended by the code, it will cause a large error. Therefore, it is suggested that the

coefficient of subgrade reaction is modified based on the hyperbolic empirical relationship.

Keywords:red mudstone; deformation; coefficient of subgrade; plate load test; foundation

Hi T 72 (8] 9 I & R P R 2 SR 400 A 2 B B iy HE R
SRIEE I 212 FROAAE R S B 1 L v 2 AR
B TR H 28 Z B 6 m . M3 A8 B Pk
IR RZE K IR RISTH M5 RN
FEE 52 ) M 2 B9 R/INFTSERE Y AT, R L L A B
ERABEEXEZ, RIRREWE ik EER
TR0 A A AT B A O T SR Y T T, A
Mz L e A AR B B & g o S
[ 2806 K = R 5, Ky o M 2 fop 3R 56 L 5% TR O
95 bR RIS M = N A T AR R 1 S
KR PR RBE 5 HT T IR R B A 2
TURE B #E 55, 7 X Vesic ff 807, & [# 45 BF 4%
(Rl I S /Y (I 587 X 1) e N 2 W0 e ol =B B )
A AR R D E AR R REE T
IR R B e #3820, e B 3L R R 55 b 3k £ bk
R AR LG, B OBR Y SE B R NI RS R R B A
K. FEIRRBCA B A Y A A I R A
T T R ME SR R BN AR M R R R
A RN X A A L N A R &, B A Ik
RS, DAAT 2 J0CA S Sk 3 1 2 008 & 2 5
Ok 2, FE A L L L IR RBURE R 23 F 450, 5
TG B 58 09 L3R D BB Ui 7 R R R By &
1E R IR H BAE AR R ST R AR HE B 3 4748 1E b
LR E

EFARAT AT B 500 m GO =2 &S A0 B 5
YOUE , TR T 21 2 U 5 41 b A ] ROST 7K R AR 25
far 10 505 o ] AR B 28 A 4 30 35 A7 IROAS A i L R AT &
RN B I AT Rl R W AN D e L YA
FEAE 55 R 2 5000 B J ) S 5 A2 7K R Al R T 52 Tl
8 ] AT R T
1 TR

LA 1% 68 = J2 T H AL T AR T R R IX B
RIS B 500 m 474 1 137 EHR 5 2L
— VR I G W T — R 25 A R R
JBE R KM . W10 S A Al BE il DA v 8 KUK 8 R

R A1) BRI R 36 ~40 m. 37 Hh b 3R 0T )R B 5%
15 A TR 1 BIURE S T - R 1 2 e s N S-S W S
AFT AN TH A QD VHE VU & T S vOK TTRRR
QUK T IRIRE & Lo EREA 0 s
IR JR R e s Bk iR . U Y B M E
A XA TR (i 1 s AR ~ SR AL, JR R
HRO AR LT ~ BT AR Bk
PR PN JR R AR Bl AL S DR AR AR AR AR
MFA G e i A e 2R 2K E A, Rl
W B AL A O A . RQD 2 4020~90%

mm— B

T ¥ 51 LR WA st

B1 HRARRPERNLESHILED
Fig.1 Boring-core of moderately weathered mudstone

in the study area

2 WA REI
2.1 BEEAEWRFHERE

RS UEFE AR BY R AT PR L 38 ) 7E 5 42 IR
FE R 5 18 50 - i 7 R DA 2K R A 5. 18
WAL D FEANE 8 m 247, LA & 3 O
(N TIFAZ+HTEFZE AL - 45 SJ01~SJ03, I
#1400 mm, P BEJEFE 30 em IRE N 36~40 m,
STl E DRI JRCHB IS B8 ) FE A2 AR K 8 m, B R
2 mX2 m, AT AR R AR I R AR XU TE A
S SRR R UL 2, 761 &6 53 51 T
e(HH#)=300,500,800 mm,BGHK) =300 mm /&
FEARIRLS , BRI 0 AT — 2l 5, 3t 12 20 G
it FE UL 3) A R LR 1.

7 (H 5 M AL L Rl R T AL YE ) (GB 50007
201 1) IR0 A R RR o A7 i 36, 108 B g ) A T
A R0 A R B0 e DL R 2 1A 3,



62 + K5 x4

% 42 %

F1 KBARK
Table 1 List of test scheme

a5 44 FR ETRE IS8 ZH %L
»=300.,500,800 mm %14
SJol
B=300 mm 140
SR 7R R ©=1300.500,800 mm %14
SJo2
ik 56 B=300 mm 141
©=300,500,800 mm %14
SJo3
B=300 mm 140
kg 1241
ENER FlE 1 000.2 000,3 000,
%6 4
JE 451X 5 =#§ 4 000,5 000 kPa
FilJE 300,600,900 kPa %24
460.94 —
SJ013+/€459.06 =
PERILRE E
T =
456.1 E
*%mmw’?ss. E— ZbiR4ss.1

SJ033FIR447.54

B2 ShFLAEIR B R 5 s AL

Fig. 2 Borehole diagram and test location

(a) RBF (b) R FEIRH
B3 RBTMMLEES
Fig.3 Test tunnel and experiment equipment
2.2 RAMEZERERR
TEV-A P 7RO Al it 30 A 67 8 BT 3 SRR A7 IR
B, 43 T J 25 N 2 He R AR PR 1 4 1 N A
AR 4R IR CIE R R BB b 56 A 28 4 il
NI BEIR IR WL MTS-815 U e, ¢ 4] JIR 44 3 36 AL
IR BT AR AR50 7 bR 1fE ) (GB/T 50266—
2013), R T ES WEK 1R, AHUERE IR
a2, R 2 ATHE A HOR SR PR 5 B iR
AN 3.88~11.12 MPa,F-¥J{li i 7. 16 MPa, %
WEAE K 5. 92 MPa, J& TH 84 .

R2 MIBAWEEIE
Table 2 The result of field tests

IR TRIE/ FLBIFHIRXT I FEBRAS  EPR 2% UCS/

W i R
m Nifirdk/kPa A8 /mm  MPa/m  MPa
@=300 27.6 8 400 0.39 21 538 11.12
B=300 27.6 7 200 0.4 18 000 10.12
SJjo1
@=500 29.8 8 100 1.923 4212 6.05
=800 29.8 5 400 6.48 833 6.55
¢=300 30 7 200 3.28 2195 3.88
sjo2 B=300 30 7 200 3.063 2351 3.98
@=500 35.9 10 800 2.627 4111 5.72
=800 35.9 6 300 3.78 1667 4.86
=300 38 8 400 0.948 8§ 861 8.14
B=300 38 7 200 1.039 6 930 8.94
SJo3
¢=500 39.6 9 000 5.94 1515 8.07
©=2800 39.6 8 400 2.128 3947 8.47

3 AEBEE=Z#HILE

R T s B X S A iR BE 5% T B 98 AS [ L
SN AR T B N RAE . 4% AR [ e (0,0, 3.0. 6.
0.9.1.0.,2.0.,3.0.4. 0.5. 0 MPa) ¥ 17 =Hlii 5 ,

B4 5T =8R8T 20250 1Y % UL IR AR
o EAETE A R B RE AR AT R i IR R A A BT A
[F] o Pl B8 AR B 22 U0 8 284 T = 2 A i P 1 AR, SR
HH BB S IR L X6k R UL 1A 40 A 2 B 1T 1T
BRSKFL HH 00 IR 3, B B B 150, = s 2 i
5 K AN 7 0 & ff1 32 W 4G R il 28 T R ok T
U RN E 5 MPa i, B4 A e BT Y
[ R T Pl = o W R N -8 7 N TR
CRIVRB 24 T 8 7 1) 55 338 2l 1) 1 9 £ @) O 63,957,

| aad v

0.6 MPa

&- = M3 MPa /| [HES MPa
4 AERERELBRERR

Fig. 4 Core sample Photos after compressive strength test



%4 B F AR

BT R LR R HBALREAR 63

B 5 g5 TR 20 2 e A 5 I — 4 R 46 1) 42 ad
FER F-I AR k. ph P 5 A] UL, il PR A 886 i,
A T U (5 B R A e B R 22 B U 3 R Ak
R A A B A A 22 5, B R A 3 MPa 3 i &
5 MPa, 7 FE iR B A JON A BT FEAK, 3 A TR 28 A0 1)
FRETERR R 3 MPa B, i B 22 S Ak 5 15%,

20

@

R J1%/MPa
N _
o

3 4 5 6
Al REAE/10-
{#:—1MPa —3MPa —4MPa —5MPa

B 5 =Rz =4 e R 3E g2k

Fig.5 Main stress difference-axial strain curve

4 BRI

Xof R — A AR R 47 B0 4 K A BT U0 50, 156 45 2R
WE 6 fra. HE 6 w8, AR S 515 F A A
BT V) 58 B 25 S 3K IR N g B BT B U 5 R 25 (E
4 MPa 72 45, & B 1 0 B 8Y U)o BF 2% {H 0] 3k
10 MPa, MR /N e kd B am e RN 0.8
MPa, N EEHE R 37.9°,

T2 3 4 5 6
YR F1/MPa
T FRARTREEMN 2R - WE{ESRBEIN %

B 6 JR L5y VIR 8 Y1 R F1—/E R 7 i 2%

Fig. 6 Tangential stress-normal stress curve of in-situ Shear test

5 BERARHEE

5.1 REKERIXEERSH

FER R BT T vk A i g ik R AT
WUIRE Mk 2 WAL 5. X TR s 2 s
& mr g R I I Ry 0 E T

R A B 7 B AT i 6, 8 3 2% 1l 06 57 Lo 7] 57 FRE
V) S BRI AR T e PR 2R 50 LA K TR 9K B 470 s 5 S
(Uniaxial Compressive Strength, fij #k UCS) i & 45 5
W3 2, il P-S MK 7 R, IS5 6

JEMRE R AR TEAFAE , BAT R 55 ¢ 55 R AIE

T8 /kPa
0 2000 4000 6000 8000 10000
. M 1 1 1 )

7 500 mm ERFRFEEIXE P-S B L%
Fig.7 The p-S curve of 500 mm plate load test

H 6 2 )R 3 T A5 o SR PR AR R ELAT K D
25, 22{H AT 3K 13 000 MPa/m, {H Fifi % 1 45 e A A3 K
FE PR 2R B0 O 26 38 9 08 /0N M 2 45 /> 22800 MPa/m A
W25 5 R R ST 2 RAHC. W T 202 e A i g
BUZREE R4 2 IR A B R F WA AR I e =
B T A AR Y M 2B R 46 AR I, 32 BB o A
MK, 2Rk E RE AL E W50, LR R
B T 2B R s e 2 A OC , B B RE K
NEREPE . BVRR F L 402 O H 5 E R R B & IE
EFIERE A KN TR O L B A SE Rl R ST 1S K 2 9
FEE
FEIRRE S KRR o o B ¢ RN &l 8 fr
e HHEL 8 AL B IR R ECS R AR il e G
B R 38 3% 3R RBUZ A IR 28 G i, 4
T A A R TR AR F BT R R B R R
2FREAE Y B

25 000

20 000 ¥=595.25x"2-7 076.0x+24 050
R2=0.716 7

15 000

10 000

5000

0

2 4 6 8 10 12

B8 ERRBSRALHAEEERSE
Fig. 8 The relationship between UCS and coefficient of

subgrade reaction

5.2 BEXRFRHBEHERZE

e PR AR 0 ) Tl v KA e R Ok L L v
IR A IR0 JE AU e AR DAy — 22 50 0 T G B 45 A A
AHe 2 S 0 g ) L 22T R v Y BT DAL T R 12k
BB RN T YR, TR AN LB B VR 2
B AT T S TR 2 WS B, . B



64 + K5 xE LA

% 42 %

2 A A -6 2 M ASE R Nf IR JE AT AR | 1 T R N e A
B ORI RE =S HEAL, LR R ik R
A kg vk SR S IR R (AR AT

Dl sk . #aial s 2 g i — AL
IR 3 L R v AT LA B 467 48— U0 il 2R (R P-
SHig)  miEHAn P-Sthsk, K HHE AR
H:K=(P,—P)/(S,—S); Hrh,P, P, 53] g %
JES (R 4 fol P 0 f 4+ B B R F1, S, Sy 4 R AR T
P, P, R E VIR, 8l m kit B ik K
(B AN BE BL4 T IR Y e 8 IE T S
A Bef A,

D FEFERPCE VIR S, R . F 4 )2 ORI
T R AR AR TR T AR DURE 5 BOF-¥IME S, - 19
K=P/S,. .2\ P 2y 357 ¥ B s g, A #h o7
BATA N K fEAT ZAEIE  JCAD £E“ WA SR AT B
JOIH L P i R X AR T

DLYAE . M 2 50 HUE .

3G T RIR R BB A, X T
JE SR L R I AR L A R R B U, SR
B TG ] TR L R B T A 50 R 5 R IR
FBNEIE T — BRI E TR,

®3 AVERZFHFMERIEX
Table 3 Typical expression of the coefficient of

subgrade reaction

F5 HikR i
5 E H [13]
o= P I Biott
ke =0.615 s, o
: 3 3+
1 Ept q0-11
lca—oen ] ik
4 0.083 Vesicl14]
R e e
A=rDBREL PR IR )
3.08 E EB* \0-125 fir B A [15-16]
3 = __(EB
7 <17#—>B(E,,1,,) L

b 30 LT I T O

2

' b0.3)2 BEIE, (1) B
KN:(} ’ (i Y

K,,,IZEK,,,K,\:KM(21“) 3h)

)‘KTAK\:KN @
b

TE R B R ARG ;0 JARA LU B 9 A58 Ev T, 9 AR H
BT W EE 5 C S 2 Mo 100 1 0 48 06 R 58 o O 5 TR E 9 A A
LR

5 28 1 38 2 A 24 T 24 T R A 3 T A 5 g 4 o

M u() 55T Py KRN

N aA+w _ 2 ]
u(z)ijo{zﬂE\pr[Z(l #>+R37]}dsd7;

AHMEF i Boussinesq fi# R BE 75 1l K 19 52 1
A T8 o = # 00, F 9T T 20)2 Ve A A 6] [ R
AR RR L, WL 9, M 9 LR ML MEE
B 14 38 00 5 % B9 B R AR 8 34 K, X 1 U b B
W AL AT RIS IV ) 4 HA G O R AR H B
BT IR Boussinesq fift 0 &, o] UHES H
A il i e LK 1 /N WO e = 7 RE% i 3

A

2
=

30

0~90° 66~74° 56°

0;=0.3 MPa 0,=0.6 MPa  0,=1.0 MPa

. 45
540 } '
500 |/ |

30°

0,=0 MPa

0,=2.0 MPa 0,=3.0 MPa 0;=4.0 MPa  0,=5.0 MPa

B9 AEEETAEHFER

Fig.9 Rock sample failure modes under different pressures

K ARG T RS RLNY L BLAR L AR H
R RZBOEIE , T 202 §CH W AR A B M2 Bk
B MR E W A O R AR 3R 2 Rl
19 BN R R 7 He Al 1 26 R 3R B8 (E AT 065 4R
5T 5K R BORR AR OC R IR k= 200m (A !+
0.5) (WL 10) , A5 AHC R E R 0. 80, & 10 Af
A R X TR A AR N IR R BB EEA
B AL E RO BE PR 22 B000E 7 R B R ST 1 K 5 5
Vol A, (F 2 i 2 35 ek T B B OR L B T — A
FEAE

£ .
5 20 000
Ay .

=
< 15000

E]

¥ 10 000

®

= 5000
0

CemonER
VE: o SCHUE o B - DA y=200 ("(~1.1)40.5)

10 ERFHEHFTHRERXRE

Fig. 10 Relationship between coefficient of subgrade and

area of load plate
55 = NI I 3 RS T A A P
T AR &, B T 250 20 2 (4) B R R R B
B AT XA Br . WL 11,



%4

PR F R s R R AR R IRALK B AT R 65

- F
b X ken (1 — pi*)

K ko, WAETE RHL

k (€Y

14000
12000  k=200m(47140.5)
o
10000
& P
S 8000
= Y\ E=2000 MP.
| R E= a
oS T,
) - a
’% 40001 N E=1700 MPa
2000 NPz ol KBk (1-p2)
S

05 10 15 20 25 30
FEREFERE/m
E11 HEEREE

Fig. 11 Comparison of calculated results

P 11 Al L U 0 il S R o 2 0 i
AT 54T B A 1 B IR 3R R A LA B B A 1 Ky
S AR D Y e, HOBE A 98 B2 18 3 e PR K
W REUE T TR —EEH, mEHEREaR s
AN E BORLESERE SEBE /N T 0.5 m I, A0 B
B A AR Ak v CED A 85 e S TR 7 3 L 40 A RIOR
55 S B a0 25 SR i 22 2 T 1 O, D PR 32 R o
e 22 40 20 ARG 4 2 A5 T s e s L R A L
1 A 34 BT s 4% 1] R Y L OF R 25 A A Y
SEREVERR B VTR L A S

SEBR L B A R L L 0 3G A AR ) B R
Y A2 AL 22 R B AS 3E f BE R R BRI E 2
T T o B S 5 3 22 T ) JRE 42 B D)0 i R AR R DTk
JEA 2, X T AL 2 B IR Y AR B UM, h
T H BT BUZ R 8] I AR I R 52 SRR [ R 5
M, 5% FH 300 mm Jy A i A5 56 o 56 R 28 450 HO Tk 4%
Ko KA 500 mm T Al 5 5K F {8, 4% I =X
(O BATBIE  SRIG IR R BB EA G, FEAR
SR 2B RF AT B IE

k= 200n(A™"" 4+ B) 5

6 it

SEA R S R AR H L PR T A
b AN ] RS 7R He A 48 A a6 | 2 PN e R A
B R W N R A TR RN R = N AR | A o (N 8
PR 22 8500 BB D W) 3 560 R ST 53¢ i) 46 ] 30 3 £ 40
BRELLIF 4.

D LLJRHOE B R R A RO &0 . T
HRLZ RN A 2 LR L E AN (] I3 e A5 AR
LR RECEA R W 22, 22{H 3k 13 000 MPa/m,
{F i 5 56 A R, ST 1 348 A, 3 IR R 8000 e 25 3% 7
BN 2Z 45 /N E 800 MPa/m VAW, 2 5 Al R

SRR,

2) 2L R BT 252 B 52 e e K, AR P
FEME AN I Boussinesq fi# 1935 F 41, 3 K R0
& IE AT HE 2+ simb + 1 2 50 20 Ui AT B IE .

D ET I A& F AL %, R ] 500 mm J5 B 7K
JE A A I 35 IR 2R B LA /N Y S IO L IR R A
B, 0] 38 3 2R 500 mm 5 HCF B 4% 45 B 6 o
FE IR BB SR ST 17, 7 AR 4 5L it S PR RS =
200m(A ' +BYEIE,

Sk

[1]ZHANG C L, JIANG G L, SU L J, et al. Dynamic
behaviour of weathered red mudstone in Sichuan
(China) under triaxial cyclic loading [J]. Journal of
Mountain Science, 2018, 15(8): 1789-1806.

[ 2] ZHANG S, ZHANG D S, ZHAO Q. et al. DEM
investigation of the influence of minerals on crack
patterns and mechanical properties of red mudstone
[J]. Processes, 2019, 7(3): 162.

[3]LIUZ, HE X F, FAN ], et al. Study on the softening
mechanism and control of red-bed soft rock under
seawater conditions [ J]. Journal of Marine Science and
Engineering, 2019, 7(7): 235.

L4 1KEE, BrE, A, & T REMER NS

b R R B AR IO 1 AR S LT ). T K
e CHRBEF IR . 2018, 45(9) ¢ 122-129.
ZHANG W X, CHEN B, XIAO L J, et al
Experimental study and evaluation methodology of
foundation coefficients for two-parameter foundation
model based on rigid plate loading tests [J]. Journal of
Hunan University ( Natural Sciences), 2018, 45(9).
122-129. (in Chinese)

C5]4Ed. 6, . G KR LKA A

FULHE B AH G WFgE (], okl #) 52, 2018, 44 (4):
87-89.
NIU ZR, LI F F, PANG W. Study on distribution and
correlation analysis of reaction coefficient of subgrade
cohesive soil in Hefei area [ J]. Railway Investigation
and Surveying, 2018, 44(4) . 87-89. (in Chinese)

L6 sk@A, M, KL, FEIRRZEE NI R
(1. AL TRHAR, 2017, 31(6): 289-293.
ZHANG ] J, GUO Z, ZHANG L H. The research on
test method of laboratory subgrade coefficient [ J].
Geotechnical Engineering Technique, 2017, 31 (6):
289-293. (in Chinese)

L7 0 Fokne, JHE. V6% 8 £ 2R 2 5028 1 #0 A B 0 3
TR P ], A A 1S TRk, 2017,



66 EREZIB TR FROP E D %42 %
36(10): 2563-2571. [JJ. Rock and Soil Mechanics, 2014, 35(10): 3027-
YU Y T, TANG H. Reaction coefficient of subgrade 3034. (in Chinese)
on Xi’an loess and correlation analysis of methods of [13] BIOT M A. Bending of an infinite beam on an elastic
measurement [ J]. Chinese Journal of Rock Mechanics foundation [J]. Journal of Applied Mechanics, ASME,
and Engineering, 2017, 36 (10). 2563-2571. (in 1937, 59. A1-A7.

Chinese) [14] VESIC A B. Bending of beams resting on isotropic

[ 8] i, BREZ. — Mg B p 3 v 3L K RECE N A elastic solid [J]. Journal of the Engineering Mechanics
WK Ty ik L]0 KT RE % B Be i, 2017, 34 (1) Division, 1961, 87(2): 35-53.

109-113. (150 arsy, JRERZE, BRM. BaDIRAS T 2 45 2k Y il A3
XU M M, CHEN D A. A novel laboratory test method wlI HAE5TR%H, 2012, 31(1): 123-132

of basic subgrade reaction coefficient [ J]. Journal of YU J, ZHANG C R, HUANG M S. Subgrade
Yangtze River Scientific Research Institute, 2017, 34 modulus of underground pipelines subjected to soil
(1): 109-113. (in Chinese) movements [ J]. Chinese Journal of Rock Mechanics

L9 EM, BRocte. i 52 5 80045 1a) [7] 25 20K Hb 6 AR 1 and Engineering, 2012, 31(1): 123-132. (in Chinese).
YERIR )™ L Vesic @2 [T]. & L T4k, 2018, 40 [16] YU J, ZHANG C R, HUANG M S. Soil-pipe
(12): 2241-2248. interaction due to tunnelling: Assessment of Winkler
WANG Y, CHEN W H. Generalized Vesic solutions modulus for underground pipelines [J]. Computers
for interaction of buried beams and transversely and Geotechnics, 2013, 50. 17-28.
isotropic layered soils [ JJ. Chinese Journal of [17] mEER S+ TR &R JGI 72—2017 [S]. b
Geotechnical Engineering, 2018, 40(12): 2241-2248. B W E S Tl AL, 2017,

(in Chinese) Standard for geotechnical investigation of tall buildings:

[10] T/, BR3cfe. Mo 2 a2 M Xt 3 R & 500 5% i 2 #r JGJ 72-2017 [ S]. Beijing: China Architecture &
Ul A %5 T 8%, 2017, 36 (Sup2): Building Press, 2017. (in Chinese)

4304-4312. (18] WKW, Z=gulr, XA, &5, /K2 k3R R £ B0l 5
WANG Y, CHEN W H. Influence of soil stratification TS BERT L] M F =SS TR AR, 2018, 14
on coefficient of subgrade reaction [J]. Chinese Journal (3): 712-718.

of Rock Mechanics and Engineering, 2017, 36 (Sup2) : PAN Y J. LI G S, LIU S C, et al. Study on the test
4304-4312. (in Chinese) method and value of the horizontal subgrade coefficient

(117 3CE 5, Mpi&F. B0 45 1) [R) M J2 R M 36 - i 14 06 0 [J]. Chinese Journal of Underground Space and
W SERT L], &L TR, 2016, 38(8): 1442- Engineering, 2018, 14(3): 712-718. (in Chinese)
1446. (197 WA, 2w, BREAM IR, 45, 7 R b st IX ki 4k
Al Z Y, YANG K S. Parametric study on an elastic IR AR B8 77 1 5 WA SR fEWFFE [T ], 7K SCHb it T2 Hb
rectangle plate on transversely isotropic multi-layered Jit, 2016, 43(4): 103-107, 112.
soils [J]. Chinese Journal of Geotechnical Engineering, PANY J, L1IGS, OUYANG T J, et al. A study of
2016, 38(8): 1442-1446. (in Chinese) the test method and value standard of the modulus of

[12] W34, i, BRI, 2ok o0 A JE IR 72 B P ot 2 2 reference subgrade reaction in the Ningbo soft soil area

AR T Bk [T A £ 3%, 2014, 35 (10D
3027-3034.

FENG Y Q, YANG M, CHEN ] L. Improvement of
finite element method for beam on elastic foundation

with linearly distributed coefficient of subgrade reaction

[J]. Hydrogeology &. Engineering Geology, 2016, 43
(4); 103-107, 112. (in Chinese)

(h# AR



