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Abstract. Thisarticle presents a comparison between two code methods of piezocone penetration test
(CPTU) and laboratory test in identifying soil stratigraphy in Shanghai. In China, stratigraphy for soft
deposit is mainly obtained through the traditional code method, in which plasticity index and grain size
distribution of borehole samples are analyzed in the laboratory. With in-situ tests developed in China,
CPTU test is used widely in stratigraphy for soft deposit in railway construction and the Ministry of
Railways code based on CPTU test is also established. The analysisis carried out with the field data at
test site of Yan'an Road Tunnel in Shanghai. The Ministry of Railways code is applied in identifying
soil strata. The results are comparison with two code methods. The results show that The Ministry of
Railways code method is more detailed in identifying the stratigraphy of soft deposit of Shanghai.
Moreover, the discussion on discrepancies between them is also conducted.

Introduction

The piezocone penetration test (CPTU) is a useful in-situ one and can provide a quantitative measure
of soil propertiesinits natural environment™. With CPTU test developed in China, it iswidely used to
determine soil stratigraphy in railway construction and the Ministry of Railways code? based on CPTU
test is also established. In Shanghai, soil stratigraphy is mainly obtained through laboratory test (also
caled code method)™, in which plasticity index and grain size distribution of borehole samples are
analyzed.

In thisresearch, the field data of CPTU test and adjacent borehole data at test site of Y an'an Road
Tunnel in Shanghai are collected, the stratigraphy of soft deposit in Shanghai isidentified by laboratory
test and the Ministry of Railways code respectively. The discrepancies between them are discussed.

Strata I dentification and Soil Properties of Yan’an Road Tunnel from laboratory test”

The construction site of Yan'an Road Tunnel is on the alluvia plain of the Yangtze River Delta,
Shanghai. The soil profile and properties of soft subsoil obtained by borehole at this location based on
the method as established in Shanghai'® are depicted in Figure 1. From Fig.1, from up to down, the
stratigraphy of soft deposit isin sequence of gray mucky clay (MC) (from 0 to 5.5m deep), gray mucky
sty clay (MSC) (from 5.5m to 15m deep), gray silty clay (SC) (from 15m to 29.5m deep) and dark
green silty clay (SC) (from 29.5 m to 32.3 m deep).
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Note: MC =mucky clay, MSC = mucky silty clay, SC =dlty clay, g = unit weight,
W, = plastic limit, w = natural water content, w_=liquid limit, e=void ratio,
m, = coefficient of volume compressibility, Il clayllll sitlll sand
Fig. 1. Soil profile and geotechnical properties of borehole samplesin laboratory test.

CPTU Test Resultd™

The CPTU with controlled rate (2cnvs) of penetration has been carried out in Y an’an Road Tunnel of
Shanghai. The depth of the site was 32.3m. The continuous CPTU profile of soft deposit in Shanghai is
shown in Fig. 2. From Fig. 2, it shows that there is a general increase in g, Uy, and fs along with depth
while no obvious tendency is noticed in R aong with depth. There is a sudden decrease in u, while a
significant increase existsin g at the location, which suggests the presence of athin sandy layer.
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Note: MC = mucky clay, MSC = mucky silty clay, SC = silty clay,
g, = cone resistance, u, = pore pressure, f, = sleevefriction, R = friction ratio

Fig. 2. Geotechnical profile based on borehole and soil propertiesfrom CPTU test.

Soil I dentification from the Ministry of Railways codein China?

CPTU test was used in railway construction very early in China. Soil classification charts were adapted
and improved based on an expanded CPTU database. In 2003, a soil classification chart was proposed
by the Ministry of Railwaysin Chinafor railway construction, in which soil classification is divided into
five zones: soft soil, clay, silty clay, silt and sand, as shown in Fig. 3.
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Fig.3. Soil classification chart from the Ministry of Railways code”?

/Bq:0.02

where gr isthe total conetip resistance, q, =q, +(1- a)u,, a is the correction factor, By is the pore
water pressure ratio, defined as®

= U-U

Bq Or-Sy (1)
s, Istheinitial total vertical stress, up isthe initial static pore water,s , istheinitial vertical effective
stress.

Inthisresearch, aset of the datawasrecorded, as shownin Fig. 2. According to these data, the total
cone tip resistance gr, pore water pressure ratio B, were calculated respectively and drawn in the soil
classification chart from the Ministry of Railways, as shown in Fig. 4. From Fig. 4, most of the CPTU
data is located in soft soil, clay, sity clay zones while a few data fall in st zone. Zones of soll
classification from CPTU test are basically consistent with that from laboratory test.

Discussion
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Fig.4. Plot of all datafrom CPTU at the sitein the Ministry of Railways code

In order to investigate the discrepancies on soil identification between the laboratory test and the
Ministry of Railways code, the total cone tip resistance gr and pore water pressure ratio B, of each soil
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layer of the soft deposit identified by laboratory test in Fig. 2 are redrawn in the soil classification charts
from the Ministry of Railways, as shown in Figs. 5~8.

Fig. 5 shows the CPTU data of gray mucky clay identified from laboratory test. All CPTU data of
MC layer is located in soft soil zone. It is well known that soft soil includes mucky clay, which
represents that the soil type identified from two methods is consistent. Fig. 6 plots the CPTU data of
gray MSC layer identified from laboratory test. The CPTU data of the M SC layer islocated in soft soil,
clay zones. Fig. 7 shows the CPTU data of gray SC layer identified from laboratory test. According to
Fig. 7, most of the CPTU data of the SC layer are located in clay, silty clay zones while afew datafall
insilt zone. Figure 8 showsthe CPTU data of dark green SC layer identified from laboratory test. Most
of CPTU data of dark green silty clay layer are located in clay zone while a few data fall in silt clay
zone.
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Fig. 5. Plot of CPTU data of gray M C layer from laboratory test in the Ministry of Railways
code.
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Fig. 6. Plot of CPTU data of gray M SC layer from laboratory test in the Ministry of Railways
code.
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Fig. 7. Plot of CPTU data of gray SC layer from laboratory test in theMinistry of Railways code.
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Fig. 8. Plot of CPTU data of dark green SC layer from laboratory test in the Ministry of
Railways code.

From Fig. 2 and Figs. 5~8, it can be found that both of laboratory test results and the Ministry of
Railways code onesare similar inidentification of soil stratigraphy while the accuracies of two methods
are different. Especially, there are some discrepancies at the depth from 12.5 mto 14.9 m, where athin
clay lensexists, and from 1.1 mto 2.1 m, 22 mto 23.5 mand 26.4 mto 28.3 m, where three thin layers
of sand lensexist. For thesethin lenslayersidentified by CPTU test, the laboratory test can not identify.
Thisis because in CPTU test data is measured continuously with avery small time interval or vertical
distance, e.g. one data within 20 mm. However, the data interval was at least 500 mm for |laboratory
test method and the borehole data in laboratory test was obtained with the depth interval of 1min this
field case. Asshownin Fig. 2, obvious changes occur inthe curves of CPTU datawhen the cone passes
through these thin layers. cone resistance q. and friction ratio Re suddenly increase compared with that
at other depths. Therefore, these thin layers can be identified from CPTU test. In this sense, the
Ministry of Railways code based on CPTU test becomes more detailed and suitable for geotechnical
investigation in railway construction.
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Conclusions

1) Based on the CPTU dataand combined with the Ministry of Railways code method, the stratigraphy
of soft deposit in Shanghai was identified. The Ministry of Railways code method is more detailed to
identify the stratigraphy of the soft deposit in Shanghai.

2) By use of CPTU test, thin layers of clay lens and sand lens can be identified through cone resistance,
pore pressure and deeve friction. However, this trait is very difficult to be found by the borehole
sample in laboratory test.

3) The Ministry of Railways code method based on CPTU test is more suitable in soil stratigraphy of
railway construction. More detailed researches on the CPTU method in different locations and soil
types must to be carried out further to establish the relationship between the CPTU method and The
Ministry of Railways code method.
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