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Innovation and development of modern theories for foundation design
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Abstract: A set of new theory of foundation design is introduced based on in-situ plate loading tests. The calculation of
foundation settlement and the reasonable determination of bearing capacity in foundation design are the classic problems in soil
mechanics. Although the modern soil mechanics theories have developed soil constitutive models and numerical methods to
solve complex problems such as nonlinearities, the actual engineering design around the world is still using the traditional
semi-theoretical and semi-empirical method. It is a problem that has not been solved well since the foundation of soil mechanics
theory for nearly a hundred years. What is the root cause of the problem? How to solve it? It is believed that for the structured
hard soils, the traditional theories are based on the indoor soil sample tests to obtain parameters. Due to the influences of
sampling disturbances, the parameters obtained in this way cannot reflect the characteristics of the in-situ soils, so that the
calculated results based on such parameters are not consistent with actual conditions and the results vary greatly. In order to
solve this problem, the model for calculating the tangent modulus method is established based on the in-situ plate loading test

curve, and the three soil parameters of the model are inversely

calculated: initial tangent modulus E,,, cohesion ¢ and internal BEeWE: FRXARFEEEIH (52078143)
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friction angle ¢ . The proposed method requires few parameters and has clear physical meaning. The parameters are derived
from the in-situ tests, avoiding the influences of sampling disturbance, and the accuracy is reliable. It can be used to calculate the
whole process from the nonlinearity of foundation settlement to failure. For the bearing capacity of foundation, the relation
curve of the pressure and settlement (p-s curve) of the actual foundation is calculated by the tangent modulus method.
According to the p-s curve, a method to determine the most suitable bearing capacity of foundation based on the principles of
dual-control of strength and deformation realizes the deformation control design. At the same time, this method can solve the
problem of the size effect of the bearing capacity directly determined by the plate loading test curve in the past. For the
settlement calculation of soft soil foundation, on the basis of the Duncan-Chang model, a practical method for calculating the
nonlinear settlement is established using the e-p curve of the compression tests. And a method for calculating e-p curve with
compressive modulus E,, , is established, so that only the compressive modulus E, , can be used to calculate the nonlinear
settlement. Since the compressive modulus E;_, of general saturated soft soils is about 2~ 4 MPa, the range of change is small,
the parameters are simple and reliable, and the proposed method is easy to apply. This research provides a new idea for solving

the century-old problems of soil mechanics and a more scientific new method for modern foundation design, which is worthy of

further development and improvement.

Key words: foundation settlement; bearing capacity; tangent modulus method; plate loading test
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Fig. 1 Actual foundation load settlement curve and ideal

elastoplastic curve
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Table 1 Values of safety factor of F,, method
c/kPa ¢ 1)
0 5 10 15 20 25 30 35 40 45
0 — — 186 213 280 4.18 562 7.84 156 217

10 1.52 178 2.09 238 294 401 528 725 13.1 19.1
20 1.65 1.87 216 247 299 394 512 695 119 17.6
30 170 1.90 220 252 3.02 390 503 677 112 —
40 173 193 222 255 3.04 3.88 497 664 — —
50 175 195 223 257 3.05 386 493 — — @ —
i 1.67 1.89 2.12 244 297 396 5.16 7.09 13.0 195




%13

BRIE. B EIE B 5 R R 3

HE 1 oL, B, ENARM L, Hesa 202
ANFEI, ST EE R KT 20° Ot w4 R
KT 3, s r. st MNEEMNT 10°
i, 24 RBUNT 20 DNTRHIE 30 K8y, X
A 224 RS, DURE AR R . S R 98
AT, RWATMIMERZTE, B, ditg—F
MES RIOEKAE, W REE AN N2 4 RECE E M.

(2) IRWABIEIE

HH ]l AR b S S SR — V2 N FH 11 T R R .
DRI, SRS IE RS R IR -

Jo=Ja Ay (0=3)+1,7,(d=05) . (2)
X b AEERITERL, YT 3mBH% 3 mHEE, 4
KT 6 mW4 6 m ;s d NEMIELR; n,, n, NE
JEJL At T B FANHRVR R M (b BE AR R B IE R B 5+
IR £, IR R E N S 30E, AT
LB e bn . HABARIE 777 DL S e iR 2
TNELRATITE .

GITER R £, BRE, B T AR IS8 75
Ab, AT iERAR AR N, i R B AT SR B
Iy R AR AR G0 AR 3 LA AHERA B 58 o 42YER I8 5 E S,
T7ER: O p - s BHEA IR EL B FRRI, BUZ
EE A5 5 R XT B R)fer M8 s @ R BR T e e, HLi%
BN T8 B A7) 57 PR PR A AL 1 2 R, BRI PR Ao 2
—2F; @A Retx LIRBR T IEM e, AR
N 0.25~0.5m*, AJHUTRELL s/b=0.01~0.015 AT}
REfa e, (HHEAEA KT R ERN—F, s Nk
RUTKE, b BN EAREHE AL .

T 2548 S 00 3 48 U1 0 31 B 1) I B B BB N
s/b=0.015~0.02, W f, HIIEILHE R, M
FIXAN PR L BGE AR B GE S ? 52 & IR T
WON, X T A 4 1 = m] CABCE KRR b, ]
HUs/b=0.03~0.04,

DA A SRR T AR (0 SR s e BB 5241 -

B2 A— N TREFESGRIG M2k, TREZRHE
KBRS TRFAE(E A 300 kPa, RI&HEFTH] 900 kPa, JEHK
RIGIHEKH 0.5 mo ARG J5 AL EAAL FL AL 1 7K 2
JIRFEME N 247 kPa, IAAEETHER T 300 kPa, UL
FELEAT RN . AT AR, 247 kPa A& WA 15 2
1, ERAE? AR O 208 B Z R 1 K
WA 35T, B AN ? ISR # kL,
LRGSR TEA T, TRCIERA7 2 BT LAHY 247 kPa, /&
MHEFNTE TP L s /b = 0.01 BTt N2 & M. {52
BEGUREE s/b=0.015 % N2 F R F14E, A& # Sl ik
310 kPa, NZAR# /i 2 BoR, Jomg b TR AR B .
B RKINE, BORATEL s/b=0.02 X M E 7, A
400 kPa, HHKINEE 7 900 kPa tb, 224 KA K

T2, BARMIERIE R AR, HAEAB LT
R MAIEAB A MATHEA GBI ? 2R, B
Py s R AT 16 5 TR T 5 M B AR B R B T BE T
T AEARAR] ARG 25 SR A B E IR AR B, X
AN TR E B T . AXNDTREEE /b 558, AR
NBCRE AR, FTRE AR BIAN R AR ST ATHT
FOREF I — it e A a6 495 SR R M AR 3 B RT
Jrid, ABAE ERAR YR AT i g 28, T2 A
F AR A 00 P e NS, T SR SR A A A AR
B p - 2k, hSERRIEAERIRTEUTRE p - s HHZAR IS
9HR BRI T X iR I ff 5 4 PR M R AR 3, ARAIEHE
B R L 2 AT 2 4

PlkPa
0 100 200 300 400 500 600 700 800 900

3501 247 kpa\. |

700777700

1050~ """

310 kPa

14.00 0.015: 7 5 mm

17.50

S/mm

21.00
24.50
28.00
31.50

35.00
2 [ERE RN I rh Lk
Fig. 2 Curves of plate loading tests
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Table 2 Empirical coefficients of settlement calculation
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Fig. 4 Confined compression tests and e-p curve
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Table 4 Comparison between calculated and actual measured

values of Liwan Building (mm)
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Table 5 Comparison between calculated settlements and measured
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1k s/mm
Terzaghi&Peck 39
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Elastic Theory (E; =2N) 18
Elastic Theory(PMT) 24
Elastic Theory(strain-dependent modulus) 32
Finite element 75
Measured 14
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Table 6 Parameters of foundation soils calculated based on

hyperbolic model

HWRikSg S EgMPa  Pr cikPa g/(°)
/kPa
#5 (1.0 mx1.0 m) 83.4 1399 0 39.5
#2 (1.5mx1.5m) 84.4 1202 0 37.2
#4 (2.5mx2.5m) 84.7 1340 0 35.8
#1 (3.0 mx3.0 m) 90.9 1405 0 35.2
#3 (3.0 mx3.0 m) 86.4 1128 0 33.8
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Fig. 19 p-s curves of No. 5 plate loading settlement (1.0 mx1.0 m)
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Table 7 Values of strength and deformation parameters of

foundation soils back-calculated according to plate loading tests
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Fig. 34 Load settlement curves of foundation of 6 m wide
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