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Abstract

Taking the soft-soil foundation treatment project for the Phase-I infrastructure supporting facilities
of Guangfeng Auto City as a case study, this paper addresses the low one-time acceptance rate of ce-
ment-soil mixing piles in soft-ground conditions. Random sampling and root-cause analysis are
adopted to identify three core quality defects, namely insufficient pile length, inadequate strength
of cement-oil pile body and poor pile integrity. Insufficient cement dosage, poor equipment perfor-
mance and unfavorable working-surface conditions are confirmed as the principal influencing factors.
To resolve the objective conflicts among quality, cost and construction duration, the Pareto optimal-
solution algorithm is introduced for multi-objective decision-making optimization. A multi-objective
optimization model framed by “feasibility-economy-timeliness” is established. Core countermeasures,
including controlling pile-lifting speed and installing full-automatic recorders, together with the aux-
iliary measure of soft-ground replacement, are obtained. After optimization, the one-time acceptance
rate of construction rises from 92% to 97.5%, and the pass rate remains stably above 98% during
the consolidation period.
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Figure 1. Insufficient pile length
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Figure 2. Unqualified strength and integrity of pile-body
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Table 1. Self-inspection table for construction quality of cement mixing piles

F 1L KRR TREBKR

AT H o H /AR AEHRER BUAEHEUMR  AEBREY%  RIAERE%
PEKE 20 4 4 20 20
HE B 7K e R 20 5 9 25 45
W B 56 B 20 5 14 25 70
HoAth 20 1 15 5 75

M2 1R, BHAEHRIE 75%, HPAMEAR. HEKREMRER S WG 5e 82 = Rt
AERRIE 70%, BB 93.33%.

TESERI H AR 6 2178 56 AN A I, b AR Rt T AR A AR R M T B, B4 S0 MRBEHEE, 4t
T —IRERERERIAE 2.

Table 2. Table of field test results of one-time pass rate for cement mixing pile construction

2. CRIBEHATE T —R AR EIMIAENERE

HEL TEFEREAR HH%AR AEHRER EAEH Y
F—H 50 47 3 94
| 50 46 5 92
= 50 47 3 94
HVUAH 50 46 5 92
FhA 50 44 7 88
HNAH 50 46 7 92

T ERRR - - - 92
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Figure 3. Correlation diagram for cause analysis
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Table 3. Verification table for key-cause analysis
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Table 4. Table of correlation strength between terminal factors and core quality problems
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Table 5. Parameter setting for construction quality optimization of cement mixing piles

F 5. KRR TRERUSHIRE

TiH BB
AP — KB [97, 100]
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Table 6. Candidate countermeasures and evaluation indices
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PRV TR R3S 22 W ) i
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Table 7. Inspection table for cement mixing pile construction quality after adopting optimal countermeasures

7. B REMECRR A T RERNR
K R A R AEHgER ELHAEKE TR

s R E5H /b b 1% 1% 1%
1 IKVE T FEAT K FE 20 0 0 20 100
2 B 7K IR i 20 1 5 25 80
3 W& e RENE 20 0 0 25 100
4 FoAth 20 1 5 5 0

it - 80 2 25 75 96.7

B 7 AT, Fe R SR St 5 it T R AN A A EE N T5%PE R 2.5%, FRRIREIL 96.7%; — kA
EITHN 97.5%
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Figure 4. Core-drilling photograph of cement mixing pile after implementation of optimal countermeasures
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Table 8. Quality inspection table of cement mixing piles in consolidation period
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