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Introduction

In the city of Almaty, many traffic intersections 

have been built in recent years, including the Abay 

Avenue/Saina Street interchange. This traffic intersec-

tion is situated in very specific geological and geotech-

nical conditions, in the influence zone of the strongest  

earthquakes in the northern Tian Shan. Furthermore, a 

subway is now being constructed along the Abay Avenue, 

in the east–west direction. The subway construction in 

Almaty features some geotechnical complexities, namely: 

1. The seismic activity is very high in the city and 

reaches intensity of 9–10 on the MSK-64 scale;

2. The local terrain is inclined as it lies in the inter-

mountain area; 

3. The rock mass contains tectonic faults; 

4. The depths of the subway tunnels and stations vary 

from shallow depths of 11 m to great depths of 60 m. 

Despite these difficulties, Almaty is a rapidly develo-

ping city: its layout changes, new large engineering 

structures appear (traffic interchanges and long-distance 

bridges within the city limits), and the city itself expands. 

All these changes influence the size and loading of geo-

logical faults. Structural assessment and prediction of 

technical condition of engineering facilities being built and operated becomes 

especially acute in this case. A solution to this problem is geodetic monitoring. 

The subject of research is the Abay Avenue/Saina Street interchange 

(Fig. 1).

Fig. 1. Abay Avenue/Saina Street interchange 

Geological structure. Geomorphologically, the test area occurs within 

a piedmont slope running north from the Trans-Ili Alatau. Lithologically, the 

area is composed of alluvial–proluvial Late Pleistocene units representing 

gravel deposits overlaid with loess loam, seldom with sandy loam. To get 

details of the regional geology and lithology, 51 exploring shafts each 

10.0–18.0 m long were drilled in the test area. The total drilling length 

was 806.0 m, including 49.0 m-long drilling in fill ground. Below, gravel  

deposits with sand up to 20–30% were intersected, slightly wet, with 

boulder stones up to 25–30% (in wells NN1;4;5;7;8;11;12 to the depth 

of 6.0–6.7 m, gravel deposits with loam). The exposed thickness of gravel 

deposits ranges as 4.9–14.2 m [1–3].

Seismicity of the construction area. The area of the traffic interchange 

is situated in the zone of the possible Almaty fault evidence, which is proved 

by archival data of the Kazakh Geotechnical Institute of Surveying (KazGII). 

Figure 2 shows the map of earthquake epicenters for 2005–2020 and 

the tectonics of the Almaty neighborhood 60–70 km in size on the surface 

contour map. The map shows the epicenters of modern earthquakes, the 

epicenters of the strongest historical earthquakes with the magnitude 5.5 

and higher, as well as the active faults [4].

Materials and methods

The research used an integrated approach including: geological and geo-

technical analyses of structure and tectonics of rock mass, instrumental 

geotechnical survey using GPS technologies, an electronic tacheometer, 

surface scanning and measurement accuracy assessment. 
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Construction of traffic intersections, bridges and any other structures 

requires a base geodetic network. The base geodetic networks are used 

to identify and assign positions for the centers of bridge piers and other 

bridge members, to perform detailed laying out when erecting bridge piers 

and bridge spans, as well as to monitor deformations of the structures. 

A geodetic network of bridge construction engineering should be created in 

a uniform coordinate system and should provide extra accuracy of positioning.  

The geodetic network points, which ensure construction of an object as 

a unit piece, should stand for the whole period of construction. This is a not 

easy task as some geodetic points get eliminated or broken down in the 

course of construction [5].

To implement monitoring, the Geodesy and Surveying Department of the 

Satbayev University developed a project of a geodynamic testing site (GTS) 

in 2020 using GNSS, with the survey control points arranged with regard 

to the configuration of the objects being supervised (Fig. 3). The work was 

accomplished using modern equipment and control facilities [6]. 

The main components of the proposed geodetic network are: 

The first order network—survey control points (SCP) of perma-

nent geodetic stations coordinated with the State Geodetic Network, with 

a forced centering device (RP1–RP4 in Fig. 3). The adopted height of the 

points is not less than 1.5 m to eliminate any obstacles to RF signal passage. 

The second order network—points of the satellite geodesy network 

(SDN) on the body of an object under supervision. 

The check points are laid on the foundations of buildings and structures 

along the street. On the objects being supervised, the reflector and seismic 

plates, monitoring prisms and subsidence markers are set to observe deforma-

tions of the test objects at the accuracy as per the effective standards [7, 8].

In monitoring deformations of the traffic interchange and high-rise  

buildings, for the permanent points, a new design of the geodetic points 

with forced centering was proposed in conformity with the normative  

standards [10]. The geodetic point with forced centering represents a reinforced  

concrete pile 12 m long (Fig. 4) installed 

at the selected location. 

Robustness of the points is readily 

controlled via repeated measurements. 

The accuracy of the relative position 

of the points is improved using trilate-

ration. 

Creation of the geodetic piles should 

observe the following requirements.  

The height of the pile should exceed the 

planned levelling operations involved in 

site improvement by 1.3 m approxi-

mately, and should be placed vertically 

using braces and jacking frames. To 

install the casing of a pile with a diam-

eter of 0.6 m, a hole not less than 

3.4 m long is drilled. To ensure stead-

fastness of the pile, the bottom hole is 

compacted and filled with a concrete 
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Fig. 3. Arrangement of survey control points in traffic interchange network 
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layer 50 mm thick. Then, a casing tube with a diameter of 0.5 and length 

of 3 m is set on the concrete layer so that the pile occurs in the center 

of this structure. To eliminate the impacts of temperature and rainfalls, 

a top layer of ash and slag waste is made with the subsequent sheathing 

and armoring. To install a geodetic device, a plate 0.2�0.2 m with a set 

screw is arranged on the top of the pile. To ensure visibility in all directions, 

rectangular metal plates with adhesive reflector plates are fixated on all 

sides of the pile [10, 11]. 

The new device improves accuracy of centering and flexibility of  

measurements without tripods set at the points of standing and observation. 

For obtaining accurate coordinates for the compilation survey, it was 

decided to use GNSS equipment. Satellite measurements were performed 

in the mode “Statics”, which involved two conventional stages, namely, field 

work and office study. 

The geodetic monitoring of industrial infrastructure facilities aims to pro-

vide: reliability, safety and serviceability of operating structures; analysis of 

stresses, strains and displacements; observations over general deformations  

and cracking in certain components of an operating structure by means of 

systematic surveillance and instrumental control. 

The monitoring takes into account all critical geological and geotech-

nical factors, types and characteristics of the guarded objects and the 

requirements imposed on them [12–14]. 

All works were executed using GPS systems, the results were com-

pared using Leica Geosystem TCR1201 electronic tacheometer, DNA03 

high-precision digital level and a laser scanner. The geodetic base coordinates  

were determined in the local system, and the ground elevations were deter-

mined from the Baltic Height System. 

The vertical displacements (subsidence) of the structures were 

assessed from the geodetic levelling using DNA03 level and a digital invar 

levelling rod. Tilting of the bridge columns was estimated using coordinates 

from the electronic tacheometer. Using the obtained values and increments 

of coordinates of the points lying in the same vertical plane, the linear values 

of the tilt are calculated from the formula: 

( ) ( )= − + −2 2

1 2 1 2
L X X Y Y , (1)

where Х1, Х2, Y1, Y2 are the coordinates of the representative points in the 

lower and upper section of a structure.  

Eccentricity of circular bridge pillars was determined from the points of 

the geodetic network. Deflection of the floor beams of the bridge was evalu-

ated using the high-precision digital level and invar levelling rod. The rod was 

installed at the beginning, middle and end points of each beam span. 

The absolute and relative values of deflection, 
abs
f  (Fig. 5) and 

rel
f , 

respectively, are found from the formulas: 

( )− +
= 2 1 3

2

2
abs

Z Z Z
f ; (2)

= abs

rel

f
f

L
, (3)

where 
1

Z  and 
3

Z  are the heights of the extreme points of a structure in 

the test section of a straight line. 

The structural assessment results obtained using the described proce-

dure were compared with the allowable values as per construction norms 

and regulations [15]. The allowable deflection of the floor beams is 1/300 L, 

where L is the beam length, m. The allowable deflection for the bridge col-

umns is 15 mm at their height up to 4 m. 

Conclusions

Geodetic observations over deformations of structures should meet the 

required completeness, promptness and accuracy. In this respect, creation 

of a monitoring network for the high-precision surveillance over engineering 

structures using electronic and GPS devices made it possible to save the 

time of positioning per a point by 10–15 times and to increase the position-

ing accuracy not less than by 2 times. 
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Fig. 5. Layout of deflection of floor beams 




