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Abstract. According to the development law of high embankment settlement,
the Pearl curve model is established. Combined with specific engineering
example, the Pearl curve well reflects the change process of high embankment
settlement, and the prediction result of the model with the measured settlement
value is very accurate and reliable.

1 Introduction

The construction of expressway in the west, high filling and excavation of roadbed
structure are generally occur [1, 2]. After completion construction of high fill
embankment subgrade settlement often appear, even cause the destruction of pavement
structure engineering accident [3]. In order to ensure the safety of the normal operation
of highway, according to the law of development of high filling subgrade settlement
observation data and combining site, Pearl model is applied to predict the settlement.

2 Mechanism of High Filling Subgrade Settlement

In the early period of construction, just after loading soil is in elastic status. The soil
pore water do not exhaust [4, 5]. Due to the soil of instantaneous shear de-formation,
with the increase of load the settlement has approximately linear increase. In the later
period of construction, with increasing load, the load imposed in high embankment are
also more and more big. The pore water in the foundation soil is gradually discharged,
meanwhile excess pore water pressure gradually decreases. So compaction causes more
de-formation, and soil in embankment will be in elastic-plastic state. With the con-
tinuous development of the plastic zone, settlement rate increases quickly, until the
load no longer increases.

After construction, due to the pore water pressure close to disappear completely, the
consolidation process is not complete, settlement will continue with the passage of
time, but significantly decreased sedimentation rate [6, 7]. If the time of settlement is
infinity, settlement will be at ultimate state, and settlement rate is zero, so the settlement
at that time is really the final settlement. In fact, for the highway time takes for 15 years
plus filling time.
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3 The Forecast Model of Pearl Curve

Pearl curve is sometimes referred as logistic curve, which is based on the American
biologists and demographer Raymond Pearl [8]. Because the curve can reflect the
growth process of biological, so Pearl curve is widely applied in animal breeding,
development of population statistics and analysis of product life cycle and so on. Pearl
curve prediction model is expressed as below.

yðtÞ ¼ L
1þ ae�bt

ð1Þ

Where: L, a, b are three parameters of the model, in which a > 0, b > 0. Figure 1 is
the schematic diagram of typical Pearl curve.

Seen from Fig. 1, the change of Pearl curve occurs in the point by the concave. The
point is the inflection point of the Pearl curve, which upper and lower halves are around
the inflection point symmetry. Also Pearl curve graph is a long strip of S, so it is
sometimes referred as S curve. It describes so regularly, and curve is relatively flat. The
description of Pearl curve actually reflects the process of things happening, develop-
ment, maturity and up to a certain limit. Because of the change of process and Pearl
curve settlement of high embankment reflects accurately the process of things devel-
opment, therefore Pearl curve model can reflect the law of development of high filling
subgrade settlement, and is applied to predict the settlement.

4 Calculation of Parameters

Using 3 parameters of Pearl curve model method to solve [5] has the following two
requirements:

Fig. 1. The carve of Pearl model
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(1) the settlement data items in the N time series is a multiple of 3, then the calcu-
lation time sequence can be divided into 3 segments, each segment containing
items;

(2) before the argument the time interval is equal or the length of time equal to, and
which is continuous and interval time series. The time of T are numbered
sequentially starting from 1, t = 1, 2, 3,…, n. According to the requirement, then
the number of items in time series is respectively (i = 1, 2,…, n). The time series
is divided into 3 sections: in the first paragraph t = 1, 2, 3,…; in the second
section, R, t = r + 1, r = 2, r + 3,…; in the third section t = 2r + 1, 2r + 2,
2r + 3, 2R,…, 3r.

Let S1, S2, S3 respectively for the 3 section numerical the sum, that is

S1 ¼
Xr

t¼1

1
yðtÞ ð2Þ

S2 ¼
X2r

t¼rþ 1

1
yðtÞ ð3Þ

S3 ¼
X3r

t¼2rþ 1

1
yðtÞ ð4Þ

1
yðtÞ ¼

1
L
þ ae�bt

L
ð5Þ

b ¼
ln ðs1�s2Þ

ðs2�s3Þ
r

ð6Þ

L ¼ r

s1 � ðs1�s2Þ2
ðs1�s2Þ�ðs2�s3Þ

ð7Þ

a ¼ ðs1 � s2Þ2ð1� e�bÞL
ððs1 � s2Þ � ðs2 � s3ÞÞe�bð1� e�rbÞ ð8Þ

So far 3 parameters are calculated by the formula (1), which can be obtained from
the Pearl prediction model. Based on the principle and the method of corresponding
calculation program is compiled with Matlab.
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Fig. 2. Results of Pearl and forecasting and measured in K103+380

Table 1. Results of Pearl and forecasting and measured in K103+380

Time (d) Pearl forecasting (mm) Measured in site (mm) Absolute error (mm)

20 26.3828 23.9 2.5
40 32.9468 32.9 0.0
60 40.6426 46.3 5.7
80 49.4299 52.1 2.6
100 59.1656 60.6 1.5
120 69.5986 65.7 3.9
140 80.3868 80.9 0.5
160 91.1385 94.4 3.3
180 101.4672 106.3 4.9
200 111.0450 111.6 0.6
220 119.6399 114.9 4.7
240 127.1288 124.6 2.5
260 133.4881 132.7 0.8
280 138.7712 137.0 1.8
300 143.0809 142.3 0.8
320 146.5447 145.2 1.3
340 149.2954 147.1 2.2
360 151.4591 148.0 3.5
380 153.1483 150.2 2.9
400 154.4594 151.4 3.1
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Table 2. Results of Pearl and forecasting and measured in K123+560

Time (d) Pearl forecasting (mm) Measured in site (mm) Absolute error (mm)

20 21.48777 21.755 0.2813
40 29.61882 30.305 0.7223
60 38.71763 43.035 4.5446
80 48.45608 48.545 0.0936
100 58.49492 56.62 1.9736
120 68.52094 61.465 7.4273
140 78.27012 75.905 2.4896
160 87.53908 88.73 1.2536
180 96.18579 100.035 4.0518
200 104.1238 105.07 0.996
220 111.3138 108.205 3.2724
240 117.7523 117.42 0.3498
260 123.4631 125.115 1.7388
280 128.4877 129.2 0.7498
300 132.8785 134.235 1.4279
320 136.6934 136.99 0.3122
340 139.9921 138.795 1.2601
360 142.8328 139.65 3.3503
380 145.2708 141.74 3.7166
400 147.3569 142.88 4.7125

Fig. 3. Results of Pearl and forecasting and measured in K123+560
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5 Engineering Examples

Combined with the subgrade settlement observation data in Hunan province
Changde-Zhangjiajie expressway, the K103+380, K123+560 are chosen as the case
study. The high fill subgrade filler is typical, where is filled with low liquid limit clay
and shale, an embankment height is about 13 m.
In Fig. 2, the time-scattered settlement is “S” shape. The first 12 points (20–240 days)
data are selected as samples, Matlab6.5 is used to calculate related parameters of Pearl
curve model (as shown in Table 1), then the results of Pearl curve model for settlement
prediction of roadbed (as shown in Table 2) are obtained, as well as the sum squared
error (prediction precision) 168.13 (Fig. 3 and Table 3).

6 Conclusion

In the forecasting of road foundation settlement, different methods can often provide
valuable information.

(1) The settlement of high embankment has its own law of development, and Pearl
curve is a good reflection of S shape relationship between settlement and time of
the whole process of roadbed settlement, mean-while its settlement prediction is
accurate and reliable.

(2) Using Pearl curve model in forecasting, in order to obtain good prediction suf-
ficient measured data is basis.

(3) The aging situation also exists in the Pearl prediction model, and with time go
recent settlement should be add as the original sample, so that the prediction effect
is more better.
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