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Fig.2 Schematic diagram of the test pile and the reamer bit
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Tab. 2 Test pile parameters
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Fig. 3 Field static load test
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Fig. 4 Load-settlement curves at the pile head
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Fig. 5 Pile shaft burial depth—axial force curves
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Fig. 6 Average lateral frictional resistance distribution cu-
rves around the pile

100
80+
< 60f
¥
T a0f
—=—KY-1000
—o—KY-800
201 +§Eﬁé( 1 000 mm )
—— % H42( 800 mm )
% 5 15 20 25

10
WETRUT 2R 0/(10° kN)
7 HEsmPEEE &L

Fig. 7 Proportion of pile tip resistance bearing capacity

SARAE , L AR AR A4 A 3 A ) T S BEL ) 4%

LRI 6.7 IR AN FEE BEL ) A s EL D 7 4
PSR U POR SO - SR BUR L WA e L /A
2 AN S22 5 B P S (B R A J D002 L -
TENER AR ) Y 05 AT A58 43 T a2
FEAFT BARAE X FEAEEY AR 15~20 m HEGRSE
BEDEERE 3 i) 254 (&1 6) T LA & B, AR A= Bk i 47 RSk
[t SR i N S A<D = A NN iR IR 8 R
IRVEARIE BRI ROHE L ALRS /N T RE B HoAt 7Y
(A% , T T AR 0028 EL T P 90 A 4%



%2

AR IR, A < T e i AR A A e AR R R ST 183

24 HETHHEXHLE
L AR RS i 6, BT A R T,

1

6,=8,— z%(ej—i-sjﬂ) (3)

j=1
A, Lo iR B 6, 585 T T Y S 22, 6
N RETRA R fit o P 2 (3) T334 2 AN [ R 2 3t 2 )
PR R BT S5 AR RS O AR 2, AP 8 BT/

800 o [7.1.15.0) m

~4 [15.0,17.4) m
v [17.4203) m &
~+[203.28.7)m T
§ 600 <« [28.7340)m ,
2 > [34.0394]m
> A
= 400
B A
= A
oy Y
e W S
oK »
L e = v
0 &“11 & ? _ L 1 { I
0 10 20 30 40 50 60 70
BEAAIXS 7456 /mm
(a) KY-800#k
400
< 300 - . oo ¢ R
g_ ve® o e [92.112)m
N P et A [112,13.7)m
§ ; . v [13.7,16.4) m
o 200 |- . » + [16.420.0) m
= ‘ / ) —4-[20.0,25.8) m
3 ¢ '4, e “ » [25.8,30.0) m
B 100 s e ea—ae 4 +[300323)m
" LT v =+ [323351)m
T' TY—y e [35.1,41.3]m
> p >
0 0 10 20 30 40
Bk A ARXH 5 /mm

(b) KY-1 000%
E8 AR FMEEME S SHE XA sk

Fig. 8 Average lateral frictional resistance around the pile
and the pile-soil relative displacement curves
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Study on Vertical Bearing Capacity of Rotary Drilling Variable Diameter Pile in
Alluvial Formation of Lower Yellow River
SHAO Guangbiao"’, SHEN Jiajia® , JIAO Weijie', HAN Jianyong"*", LIU Xuelin*, CHEN Jiyao'
(1.School of Civil Engineering, Shandong Jianzhu University, Jinan 250101, China;
2.Engineering Research Institute of Appraisal and Strengthening of Shandong Jianzhu University Co., Ltd., Jinan 250013, China;
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Abstract:

Objective The alluvial plain in the lower reaches of the Yellow River exhibits typical sedimentary stratigraphic characteristics and is mainly com-

posed of interbedded layers of clay, fine sand, and silty sand. Its bearing capacity is relatively low. In major infrastructure projects in this region,
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rotating drilling variable-diameter piles (expanded foundation piles) demonstrate advantages in construction efficiency and settlement control.
However, the vertical compressive performance and failure mechanisms of such piles under the specific geological conditions of the Yellow River
alluvial layer remain insufficiently investigated. This study aims to comprehensively examine the vertical bearing capacity, load transfer character-
istics, and ultimate bearing capacity of rotating drilling variable-diameter piles within this typical interbedded silty soil-clay layer, providing a
theoretical and practical basis for optimizing pile design in similar geological environments.

Methods A series of investigations were conducted, including field experimentation, numerical simulation, and theoretical analysis. Full-scale
field tests were conducted at an airport expansion site located on the Yellow River alluvial plain. Six instrumented test piles were installed using
rotary drilling: three piles with a shaft diameter of 1 000 mm and three piles with a diameter of 800 mm, each featuring an enlarged base with a di-
ameter twice that of the shaft and constructed at a precise distance above the pile tip. The piles were extensively equipped with strain gauges at
multiple depths along the shaft and earth pressure cells at the base to continuously monitor internal forces and end-bearing pressures. The load
tests were performed as slow maintained tests, and the piles were incrementally loaded to 1.2 times their code-calculated ultimate load to fully
characterize their pre-yield and post-yield behavior and capture the complete load-settlement trajectory. Complementary three-dimensional finite
element models were developed using PLAXIS 3D software to obtain insights beyond the limits of physical measurements. The complex strati-
fied soil profile was modeled, and the constitutive model Hardening Soil was selected to simulate the mechanical behavior of the soil. The param-
eters used in the constitutive model were carefully calibrated and validated against the field test data to ensure model reliability. For further com-
parison, identical models of conventional equal-diameter piles with the same dimensions were established and subjected to the same loading and
boundary conditions. In addition, a refined theoretical analytical method was applied. This method incorporated specific modifications for calcu-
lating the settlement of the enlarged base by considering its geometry and for estimating the in-situ soil deformation modulus from laboratory
data. The proposed theoretical analytical method predicted the complete nonlinear load-settlement response and produced a more accurate back-
calculation of the ultimate bearing capacity.

Results and Discussions The on-site tests demonstrated that the load—settlement (Q—-S) curve of the variable-diameter pile exhibited a gradual
and progressive failure mode without a distinct yield point, which was consistent with the characteristics of friction-end-bearing piles. The release
of the frictional resistance and end-bearing force of the pile body did not occur simultaneously. The resistance of the upper portion of the pile
body reached its limit earlier than that of the lower portion, and the complete release of the pile body’s frictional resistance generally occurred be-
fore the complete release of the end-bearing force. The widened bottom section played a crucial role and contributed more than 79% to 85% of
the ultimate bearing capacity of the test pile. This load distribution not only reduced the total settlement of the pile body but also effectively de-
layed the elastic and plastic deformation of the pile body itself. Therefore, it provided more favorable conditions for the gradual mobilization of
lateral resistance of the pile body in deeper and stiffer strata compared to straight piles. In cases of premature failure, these lateral resistances will
not have been fully mobilized. In addition, compared to straight piles, the ratio of elastic compression of the pile body to the total settlement at the
pile top of the variable-diameter pile was significantly lower, which indicated that its structural load transfer more closely followed general me-
chanical behavior. The analysis of the relative displacement between the pile and the soil showed that sliding initiated in the upper soil layer and
gradually expanded downward as the load increased until it extended to the expansion base area under the ultimate load. The presence of the en-
larged base prevented sudden failure of the pile body. The numerical simulation results confirmed the experimental observations. The ultimate
bearing capacity of the variable-diameter pile obtained from the calibrated model was approximately 10% higher than that of the geometrically
equivalent straight pile. The evolution of the plastic zone in the surrounding soil differed significantly: for the variable-diameter pile, the plastic
yielding phenomenon initiated simultaneously near the pile head and in the expansion base area and then expanded downward from the top. Dur-
ing the failure process, the lateral extent remained within approximately 2 meters around the pile body. In contrast, for straight piles, the plastic
zone expanded more extensively in both vertical and horizontal directions and frequently extended to the model boundary under the ultimate load,
indicating a broader range of soil failure. The analysis of settlement influence showed that the surface settlement caused by the variable-diameter
pile was significantly smaller than that produced by the straight pile and remained more localized. Through theoretical calculations, a predicted
load—settlement curve that was highly consistent with the measured data was obtained, with errors typically ranging from 6% to 15%. Using this
method, the ultimate bearing capacity obtained from the back-calculation agreed well with the numerical simulation results and the maximum test
load. This agreement indicated that, within this stratum, the actual ultimate bearing capacity of the variable-diameter pile was approximately 10%
to 20% higher than the value calculated using the empirical formula in the current Chinese standard (JGJ 94—2008).

Conclusions In the alluvial layer of the lower reaches of the Yellow River, the rotating drilling variable-diameter pile behaves as a typical friction
end-bearing pile. The release of pile body resistance does not occur simultaneously but instead proceeds segment by segment along the pile depth

direction. Specifically, the upper part first releases its resistance completely, after which the lower part begins to release its resistance. The en-
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larged pile bottom significantly enhances the end-bearing effect, reduces and delays settlement, and raises a more complete release of the pile
body frictional resistance, improving the overall vertical bearing capacity. Compared to the straight column-type pile, the pile body compression
of the variable-diameter pile is relatively smaller, and the total settlement is also reduced. Its performance more closely resembles that of a non-
rigid pile and produces a more localized influence on the surrounding soil. Its failure mechanism is characterized by the simultaneous formation
of plastic zones at the pile head and the enlarged pile bottom. During loading, the plastic zone gradually expands from the top toward the bottom.
In the ultimate state, the failure process is progressive, and the significant plastic deformation of the surrounding soil is limited to the area within
approximately 2 meters from the pile body. This behavior differs from the extensive failure zone typically observed in straight piles. Under these
specific geological conditions, the actual ultimate bearing capacity of this variable diameter pile is approximately 10% to 20% higher than the
value calculated using current standard normative methods. The combination of on-site testing, numerical simulation, and revised theoretical
analysis provides a reference for evaluating and predicting the performance of such piles.

Key words: the Yellow River alluvial formation; variable diameter pile; static load test; stress performance; ultimate bearing capacity; numerical

simulation
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