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Tab. 1 Layout of dam vertical displacement measuring points

(under measurement)
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Fig. 1 Layout of vertical displacement measuring points for 2 443 m elevation of the dam
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Fig. 2 Process lines of vertical displacement and upstream water level

and temperature in no.5, 9 and 11 dam sections at 2 600 m elevation
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Fig. 3 Process lines of vertical displacement and upstream water level of
no.7, 9 and 11 dam sections at 2 443 m elevation
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Fig. 4 Process lines of vertical displacement and upstream water level of

n0.7,9 and 11 dam sections at 2 463 m elevation
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Fig. 5 Measured process line of temperature at heel of n0.9 dam section
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Fig. 6 Process lines of vertical displacement and upstream water level

and temperature in no.7 and no.9 dam sections at 2 530 m elevation
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Tab. 2 Occurrence time list of extreme values of vertical displacements

and environment variables at typical elevation
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Fig. 7 Distribution of characteristic values of uplift water level upstream

of dam foundation curtain of grouting corridor
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Fig. 8 Distribution of characteristic values of uplift water level

downstream of dam foundation curtain of grouting corridor
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Fig. 9 Process line of vertical displacement of dam foundation in no.7

dam section and uplift water level of D8g-6
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Tab. 3 Vertical displacement variation statistics of different measuring

points at 2463 m elevation

WA WS 20124E 38/ mm 201745349 E/mm - 2%1H/mm

HL506 6 —3.42 -0.73 2.69
HL507 7 -3.50 —0.18 332
HL508 8 —-3.69 -1.10 2.59
HL509 9 —5.41 —4.62 0.79
HL510 10 —4.00 —2.22 1.78
HL511 11 —4.98 -3.98 1.00
HL512 12 -5.23 —4.46 0.77

4 EHUBZESHNE

H T8 S K HEAE B A TR R v 48 ) 22 IR A f ik
YA (L R, 2t XoF 7 6 WA O o SR 22 [ AS LA A ) L
B Z A o S ik i 7 K o {3 AT B 02 A7
FE 1125 [B] 43 A B, A8 26BN A I s A I e 2
— (R AT AT IR R S T LA
DNE BB A% 08 S WU AR 7K R | 3 A5 ep s il
J e B SR AR T LA, SR H 24 H A KA AR
LI DA Z AR B I 45 P

20k, LA 2015 4F 3 H 25 A CEXIERES 54%) .
2016 4F 7 7 5 H (fm iR AKRIK AL 2% 14 ) Fi 2019 4F 12
719 H (RIS KO 2644 VR I T B Bt H
S AL T3 H PREE SR IE B L3R 4.

HEITEFE 2 600, 2 530, 2 463, 2 443 m LA T
5 F AR 36 B A A R BT B 43 A0 LR 10~
13, f &I AT



RHH,E AFRPNEEICH L CAE

*k4 HEERRARTRARESY
Tab. 4 List of environmental conditions on base day

and typical working day
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Fig. 10 Typical daily vertical displacement distribution of the arch dam
at 2 600 m elevation
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Fig. 11 Typical daily vertical displacement distribution of the arch dam

at 2 530 m elevation
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Fig. 12 Typical daily vertical displacement distribution of the arch dam

at 2 463 m elevation
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Fig. 13 Typical daily vertical displacement distribution of the arch dam

at 2 443 m elevation
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at 2 600 m elevation
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Analysis of vertical displacement variation of Longyangxia arch dam

YUAN Mengling', LIU Changwei’, YUAN Zhanrong', ZHOU Tianyu’, PAN Jianwen’, WANG Jinting’
( 1. State Power Investment Corporation Qinghai Yellow River Electric Power Technology Co.,Ltd., Xining 810016,China; 2. State Key Laboratory of
Hydroscience and Engineering,Tsinghua University,Beijing 100084,China )

Abstract: Monitoring data analysis is an important part of dam health monitoring to ensure the long-term safe
operation of the dam. Vertical displacement is one of the main component in dam deformation monitoring. It can
reflect the settlement deformation of the dam intuitively. The analysis of vertical deformation law and mechanism of
the dam is a key content of data monitoring analysis. The main factors affecting the vertical displacement of the
concrete dam are water pressure, temperature, and time-varying, and the influence degree of each factor is different.
For the concrete dam with a low water head or little change of water level, the temperature has a greater influence on
the vertical displacement, while for the high water head concrete dam, the water pressure has a greater influence
than other factors. The effect of water pressure on the vertical displacement of a gravity arch dam is mainly
manifested in two aspects: (1) The dam body tilts downstream due to the action of reservoir water pressure, which
leads to the upstream surface of the dam body to lift and the downstream surface to sink. (2) The gravity action of
the reservoir water causes the settlement of the reservoir plate and the dam foundation, which causes the dam body
to tilt upstream, resulting in the upstream surface of the dam body sinking and the downstream surface lifting. The
water pressure and temperature influence on deformation at different elevations of Longyangxia arch dam are
different, which results in “phase difference” in the vertical displacement of the dam. The reservoir water pressure
in the high elevation part is dominant, and the influence of temperature is comparatively small. The foundation of
the dam is less affected by external air temperature and is mainly affected by upstream water pressure. Due to the
complex interaction between water pressure and temperature in the middle part of the dam, the hysteresis
phenomenon of water pressure effect and the abnormal phenomenon of temperature effect appears. The uplift
pressure in the upstream and downstream of the curtain at the no.7 and no.8 dam sections foundation is larger than
other dam sections, which leads to the large vertical displacement of the no.7 dam foundation. Therefore, the
monitoring of seepage and deformation in this section should be strengthened. During the operation of high water
levels since 2018, the deformation of the dam body has an obvious response, and the variation trend of the measured
vertical displacement of the dam has changed significantly. Although Longyangxia arch dam has operated for more
than 30 years, the vertical displacement of some measuring points of the dam still shows a trend of continuous
deformation and has not reached a stable state. The settlement rate of no.6, 7 and 8 dam sections at 2 463m elevation
is faster, so the observation of these sections should be strengthened. The vertical deformation of Longyangxia arch
dam from the no.14 dam section to the right bank foundation is contrary to that of other dam sections at the same

elevation, which sinks as the water level rises and lifts when the water level decreases.

Key words: Longyangxia arch dam; vertical displacement; deformation law; special deformation; spatial distribu-

tion
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