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Effects of seasonal temperature change on a large excavation project
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Abstract: The effects of seasonal temperature change on loads of circle beam strut, displacements of retaining structure and
variation of the surroundings are investigated based on 16 months' monitoring data of a stagnant braced excavation in soft clay
area. The excavation, 148 m wide and 178 m long, is supported by soldier piles and lagging with circle beam reinforced
concrete struts. The monitoring results indicate that the loads of the circle beam with the arrival of the summer continue to
increase, and decrease gradually after the winter comes. The supporting load is consistent well with the change of the seasonal
temperature. At the same time, the soldier piles show apparent movement to the pit and there is approximately a linear
relationship between the horizontal displacement of pile top increment and the temperature change. The temperature decrease
induces the inverted triangle deformation pattern in enclosure structure with multi-level support system. The increase of
horizontal displacement of the retaining structure further aggravates the soil settlement outside the foundation pit, causing
adverse effects on the whole deformation of the foundation pit and the surrounding environment. In addition, three-dimensional
finite element (FE) analysis is performed. The results suggest that the stiffness of retaining structure plays an important role in
strut stress. The harder the soil conditions, the greater the temperature effects on the axial force.
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Fig. 1 Sectional view of excavation
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Table 1 Physical and mechanical parameters of typical soil layers

- TEE fAKE ig LR BRI WEEM I Efﬁ%iﬂz i s
J%/m /%  /(kKN'm?) /kPa ol(° ) af/(MPa')  E/MPa

1b i+ 43 24.5 19.0 0.73 7.92 11.65 11.2 0.76 0.37 5.1
2a M E 4.2 29.1 18.9 0.81 12.14 22.55 11.3 0.92 0.27 7.3
2b R E T 3.0 43.0 17.5 1.21 10.36 11.10 19.5 1.05 0.80 2.9
2c IR E 8.0 29.4 18.9 0.83 12.70 16.63 14.6 0.78 0.39 5.0
3R+ 2.0 24.4 19.7 0.67 12.90 20.69 11.8 0.56 0.28 6.2
4 E 4.5 252 19.6 0.70 13.85 21.66 13.1 0.59 0.32 5.6
5 kb 170 202 20.1 0.58 6.80 37.63 — — 0.10 16.8
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Table 2 Monitored axial forces of 1st and 2nd circle beams and temperatures
A S TEF RSN A J1/kN 5 T IEF RSN A J1/KN S
i Z1-6 Z1-11 Z1-18 Z1-30 Z1-32 72-6 Z72-12 72-18 Z2-19 72-29 72-32 w/C
2011-11-01 14486.7 9733.1 13248.7 16429.0 11030.2 9932.9 19131.8 11709.9 6344.9 13999.6 3571.5 11
2011-12-01 11087.1 8225.4 11666.4 120154 9588.4 1528.1 8847.3 4480.7 2092.5 3571.2  685.8 2.5
2012-01-01 9596.6  7615.5 10655.3 10722.0 9552.3 717.0 5649.8 17653 5343 1859.4  180.7 -2
2012-02-01 10378.8 7739.4 11737.3 11913.7 9964.7 1282.3 6149.4 2658.8 791.2 2579.7 4864 -1
2012-03-01 12620.9 8163.0 12772.8 13569.9 11044.5 5726.5 141414 8825.9 5639.5 8592.9 2514.8 6
2012-04-01 12757.0 8607.2 12695.8 14186.5 11135.0 6694.7 16761.0 9990.7 5689.6 129452 3214.0 8
2012-05-01 14430.3 10333.9 13601.4 15201.9 11638.1 15179.4 25707.2 18743.0 18004.9 21467.9 134743 20
2012-06-01 15853.0 12279.0 14069.5 16344.7 13288.8 24757.3 32945.9 21877.7 20453.5 24850.1 18269.4 31
2012-07-01 16506.1 13877.0 15370.4 17851.7 13893.0 27134.9 36131.5 22062.8 24014.8 25940.1 21433.9 35
2012-08-01 15618.0 13216.0 15331.0 17403.0 12839.0 22587.0 33454.0 19645.0 22780.0 25674.0 19897.0 34
2012-09-01 16380.6 13605.2 15578.3 17428.3 13460.6 21829.0 34524.0 20820.0 22397.2 25256.0 19952.8 34
2012-10-01 16104.1 12466.5 15531.0 16615.5 12753.5 17222.0 27386.0 16860.0 11096.8 21785.0 13001.5 26
2012-11-01 14827.2 11592.6 13780.9 15064.2 12036.1 13670.0 20779.0 11135.0 5320.0 16260.0 6762.3 17
2012-12-01 13204.9 8879.8 11194.5 113344 10326.1 9882.0 9783.0 2034.0 2096.0 10240.0 2165.0 3
2013-01-01 11693.3 7961.6 9468.3 7997.1 8596.0 8533.9 7222.0 1628.0 12342 7949.0 1055.2 -1
2013-02-01 14260.1 11183.8 12489.7 14291.0 11714.3 12459.7 16407.8 7620.3 5516.3 170644 4328.5 3
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Fig. 2 Floor plan of axial force of circle beams and monitoring H#
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Fig. 3 Curves of local atmospheric temperature
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Fig. 4 Variation of monitored axial forces of 1st circle beam with

atmospheric temperature and time
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Table 3 Influences of temperature on axial force

e L AN Ui AN Ui AN
11C -2°C - 34°C 34°C -1C

Z1-6 14486.7 9596.6 4890.1 9596.6 16380.6 6784 16380.6 11693.3 4687.3
Z1-11 9733.1 7615.5 2117.6 7615.5 13605.2 5989.7 13605.2 6961.6 6643.6
Z1-18 13248.7 10655.3 2593.4 10655.3 15578.3 4923 15578.3 9468.3 6110
Z1-30 16429 10722 5707 10722 17428.3 6706.3 17428.3 7997.1 9431.2
Z1-32 11030.2 9552.3 1477.9 9552.3 13460.6 3908.3 13460.6 8596 4864.6
72-6 9932.9 717 9215.9 717 21829 21112 21829 8533.9 13295.1
72-12 19131.8 5649.8 13482 5649.8 34524 28874.2 34524 7222 27302
72-18 11709.9 1765.3 9944.6 1765.3 20820 19054.7 20820 1628 19192
Z2-19 6344.9 534.3 5810.6 534.3 22397.2 21862.9 22397.2 1234.2 21163
72-29 13999.6 1859.4 12140.2 1859.4 25256 23396.6 25256 7949 17307
72-32 3571.5 180.7 3390.8 180.7 19952.8 19772.1 19952.8 1055.2 18897.6
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Table 4 Parameters of finite element calculation

TEAK LEREEM #EE/(KNmd) 1 Kk M e

yARDIE it 32 18.9 0.037 0.0052 0.86 0.83
i 34 20.1 0.015 0.0032 1.59 0.58
yARDIE iy 34 19.5 0.042 0.0061 1.10 0.7
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Fig. 10 Comparison between monitored and calculated axial forces
of circle beams
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Table 5 Variation of axial force change with retaining stiffness

By HIE  2CH 35°CHt . i)
o Z{H/KN T
WS KN /AN HRAEE
1.0 6778.1 251153 18337.2 2.7 %
1.5 5579.4 245716  18992.2 3.4 1%
2.0 4801.2 24237.8  19436.6 4.0 f%
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Table 6 Variation of axial force with strut stiffness

SCHERIE S 2°CHE 35°CHt . i)
e Z{H/KN T
WS KN /AN HRAEE
1.0 6778.1 251153 18337.2 2.7 1%
1.5 8637.7 29738 21100.3 2.4 1%
2.0 10319.7  32960.8  22641.1 2.2 1%

HIZE 6 AT LA Y, SCHENIEEXT RS2 /7 (K2 A
Ko i 3G K AT R i A SCHE I FEE PR R AT D »
SR U K S I B i/ IR P I 77 R AM A R A R
it o

(3) PR R S 3 IR



634 H O+ T OB % M

2016 4F

SCHE R SRR bR i AR R R 4 S R SR 2
=AY, BT DA TR R BT S AR R R,
MARE 2N LM R . X EARIRAR 14 2
(b) Fiemghi L. 2B 4 ERm A LME 6 Emib 2
BT 0T

27 EIM R S SIS

Table 7 Variation of axial force with soil parameters

-2°CHf 35°CHt ZH i)

+Z o
AN HAI/KN S KN ORER

WA T 15250 27867 12617 0.83 f%
V ARk T 12565 30416 17851 1.42 1%
i 7054 34408 27354  3.88 1%
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Fig. 12 Variation of bending moment of circle beam with

temperature
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