SOLUTION TO A MULTI-FLOOR UNDERGROUND
PROJECT

Presentation of a practical case of a construction building project
on the Mateus Sansao Muthemba Street in Maputo

Claudio Jodo Pinto *

Samuel Jodo Antique *
* Kycla Africa, Lda — Maputo, Mozambique

Rui Tomasio
JetMOZ Geotecnia, Lda - Maputo, Mozaambique

ABSTRACT: Development of urban environment has been an undeniable factor, due to the pop-
ulation travelling to cities, the number of vehicles has increased considerable, which translates
into lack of space for parking vehicles. As a result, all new large buildings in urban areas have to
be built with underground basements in order to accommodate the number of vehicles. To this
end, the use of containments walls is used to guarantee the integrity of the structures surrounding
projects. The present article aims to present the solution adopted for the construction of under-
ground basement floors in a building in the center of Maputo city, Mozambique. During the exe-
cution of the passive braced containment of the building in question, quality control works and
the instrumentation plan adopted stand out compared to those estimated in the project phase.

1 INTRODUCTION

With the development and growth of urban environments, there is a need to increase the number
of parking spaces in buildings to accommodate users, both in office and residential environment.
The rising number of vehicles makes it essential to implement mechanisms to reduce street park-
ing in the city and ensure greater comfort.

The containment solution under study is for a building to be constructed on Sansdo Mateus
Muthemba Street in Maputo as per figure 01. The project envisages the implementation of indirect
foundations by piling solution and a peripheral containment with passive bracing for a residential
and commercial building, comprising 15 elevated floors and 3 basement levels around the entire
perimeter of the plot.

Figure 1 — Localization of the project (Source: Google Earth)



The proposed solution for the peripheral containment consists, in general terms, of a continuous
flight auger (CFA) pile wall with a diameter of 600 mm, the piles where spaced at intervals of
1.20 - 1.50 m, with pile lengths ranging between 15.0 m and 17.0 m, and excavation depth of
approximately 9.0-10.0 m. During the phased excavation and between the containment piles, shot-
crete with double mesh reinforcement is applied.

The bracing of the sheet pile wall was carried out by constructing a portion of the permanent slab
or slab band in advance as per figure 02, which is temporarily supported on vertical steel profiles
before the execution of the columns.
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Figure 2 — Front view of the project showing slab band

2 PRINCIPAL CONSTRAINTS

2.1 CONSTRAINTS RELATED TO NEIGHBORHOOD CONDITIONS

The excavation area is located in an urbanized zone as per figure 3.
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Figure 3 — Localization Plan (Maputo-Mozambique) Source: Google Earth



The project area are delimited as follows as per figure 4:
e Front: Sansdo Mateus Muthemba Street;
e Left side: A 2-storey villa located approximately 5 m from the containment wall, with an
annex about 4 m in length;
e Right side: A 5/6-storey building located approximately 5 m from the containment wall,
with some annexes;
e Rear side: A villa located approximately 4 m from the containment wall.
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Figure 4 — Localization Plan — Neighboring conditions

2.2 GEOTECHNICAL AND GEOLOGICAL CONSTRAINTS

According to the geological and geotechnical information obtained from the boreholes, the
ground to be excavated for the project consists of fine sands with some silty passages, displaying
a reddish or brownish-yellow colour. The ground can be categorized into geotechnical zones as
identified in Table 1. No groundwater level was observed in the conducted boreholes.

Table 1 — Values for the geomechanical parameters for the several geotechnical zones

Zone Depth Description NSPT
(m)
ZG3 1.5-10 Fine-grained sand with a loose reddish- ~10
brown color.
ZG2 10-35 Slightly silty fine-grained sand with a yel- | ~30

lowish-brown color, moderately to
densely compacted.

ZG1 >35 Fine-grained sandy silt, yellowish in >60
color, compact to very compact.




3 CONTAINMENT SOLUTION

3.1 DESCRIPTION OF THE SOLUTION

Based on the existing constraints, particularly geological-geotechnical and neighboring occu-
pancy, the peripheral containment works were carried out using a solution of cast-in-place rein-
forced concrete CFA pile wall with @ 600mm piles spaced at intervals of 1.20-1.50 m, with var-
iable lengths to ensure a minimum embedment of 5.0m or 7.0m in the layer below the excavation
bottom (ZG2). Considering the geological conditions of the site and the length of the piles, these
were executed using continuous flight auger (CFA) technology.

After the construction of the containment piles, they were partially demolished to about 1 diame-
ter, and a tie beam was built around the perimeter and on the top of the piles.

The space between the piles, during the excavation phase, was protected with a 10 cm thick shot-
crete lining, reinforced with double-layered REF156 mesh.

This solution aims to enable excavation to a depth of more than 10.0m, necessary for the con-
struction of the 3 underground floors, with only one level of bracing of the diaphragm wall, at the
level of basement -1, through bands of the slab of the said floor, which will be carried out in
advance for this purpose, and by metal struts whose main function is to ensure horizontal equilib-
rium of the containment during the temporary phase of excavation, on all elevations.

Figure 5 — Schematic Plan of the Slabs used for Containment — Floor -1

3.2 CONSTRUCTIVE SEQUENCE

Within the scope of the described solution, the following summarized construction phasing was
adopted:

a) Inspection of all structures and infrastructures adjacent to the intervention area and in the vi-
cinity of the site;

b) Execution of pre-excavation and creation of a work platform to ensure circulation conditions
for drilling equipment and pile execution, including the need for minor earthworks and stabiliza-
tion of slopes considering existing constraints at the site;



c) Installation and leveling of the instrumentation devices defined in the instrumentation and ob-
servation plan, particularly topographic targets located outside the construction site perimeter;
d) Execution, from the created work platform, of reinforced concrete piles for the peripheral con-
tainment wall, using continuous flight auger technology. Reinforcement was ensured along the
entire length of the piles;

e) Demolition of the pile heads of the containment wall;

) Execution of micropiles for the vertical support profiles for the slab band;

g) Execution of the tie beam supported by the containment wall piles;

h) Uniform and symmetrical excavation around the perimeter, until reaching the level of the un-
derside of the slab band, without significant deviations;

1) Projection of the first concrete layer with a total thickness of S5cm. Placement of Ref. 156 mesh.
Application of the final layer of shotcrete, with a total thickness of 10 cm;

j) Execution of the slab band. The slab band was cast against the leveled ground, protected with
a PVC membrane, and with the application of 5cm of cleaning concrete to ensure a good finish
and the horizontality of the slab band;

k) Execution of the tie beam for the slab band where applicable;

1) Installation and leveling of topographic targets, securely fixed to the edge of the slab band;

m) Uniform and symmetrical excavation around the perimeter, until reaching the level of the
underside of the floor slab -3, without significant deviations;

n) Execution of the remaining structure defined in the Structural Design, until reaching the level
of floor 0.Listing and numbering

For listing facts, use either the style tag List summary signs or the style tag List number signs.

4 INSTRUMENTATION AND MONITORING PLAN
4.1 GENERALITIES

The Instrumentation and Observation Plan used, which is a tool particularly focused on risk pre-
vention and management, aims to ensure the safe and economical execution of excavation and
construction works related to containment structures, as well as the analysis of the behavior of
these structures and neighboring infrastructures during and after the execution of the excavation
work.

The proposed Instrumentation and Observation Plan was defined based on the analysis of the
main constraints of the project that were considered to have the highest probability of affecting
the intervention. This analysis allowed for the quantification of the main risks associated with the
execution of the works.

4.2 MEASUREMENTS TO BE TAKEN

The Instrumentation and Observation Plan used allowed for the measurement, during the excava-
tion and construction works of the interior structures, of the following parameters:

a) Horizontal and vertical displacements of the containment structure (at the level of the contain-
ment);

b) Horizontal and vertical displacements of the buildings contiguous to the work and of the con-
tainment itself.

4.3 MEANS TO MEASURE

The parameters described in the previous section were measured using the following devices: a)
Topographic targets for measuring the parameters mentioned in b — Approximately 20 units were
installed in the following locations: corbelling beam, slab band, buildings contiguous to the work
site the devices where measured accordingly to the following devices:
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Figure 6 — Plan view with localization of topographic points

a) Inclinometric channels for measuring the parameters in a) — Approximately 2 units were

installed in the retaining walls.
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Figure 7 — Localization of inclinometer PVC

4.4 CHARACTERISTICS OF THE INSTRUMENTS USED

The devices used are as follows:
a) Survey targets - The installation of targets was carried out by fixing them to the edge of the
slab, on the beam, and on the adjacent buildings by gluing flat PVC plates where the targets are



previously placed. The orientation of the targets was subsequently corrected to facilitate the sight-
ing of the surveying equipment and, consequently, reduce errors (of the order of 1 mm horizon-
tally and 1 mm vertically).

Figure 8 — Topographic target

The absolute trigonometric measurements, without contact, of convergences and predicted defor-
mations, were carried out using a total station with hardware and software suitable for this pur-
pose. The campaigns consisted of reading angles and distances to targets installed on the elements
whose displacements were to be determined.

a) Inclinometers - The measurement of horizontal displacements of the massif was carried out by
installing inclinometer casings on the piles. The sealing of the fixed point at the base of the in-
strument was done at a depth such that it would not be influenced by ongoing works or deforma-
tional movements of the structures adjacent to the object of observation.

The inclinometer casings were made of PVC with a sliding sensor (torpedo) equipped with refer-
ence points (rollers) spaced 0.5 m apart. The torpedo contained two servo-accelerometer type
sensors mounted with a 90° offset. Once inside the casing tube, the depth at which the torpedo is
located is controlled by a graduated scale of 0.50 m printed on the electrical cable connecting the
torpedo to the reading box on the surface. The result obtained in each reading is the horizontal
distance between the reference rollers. With this value, for each instrumented depth, it was pos-
sible to construct a depth/horizontal displacement graph of the casings in either of the two orthog-
onal directions.



Under normal operating conditions, the estimated calculation error of the deflection at the top of
an inclinometer casing tube is generally approximately 1 mm for every 5 m of casing tube.

4.5 FREQUENCY OF READINGS

Given the characteristics of the project, for the set of devices installed, readings were taken during
the excavation and construction of underground structures, with a frequency not less than once
every two weeks.

4.6 PRESENTATION OF RESULTS

The results are presented graphically and were promptly interpreted and analyzed by geotechnical
engineers and the designers of the instrumented structures, in collaboration with the site techni-
cians and the Supervision.
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Figure 11 — Inclinometer reading (On several dates)

Table 2- Survey Reading of the targets

Tt ¥ T 1
-20 -10 o 10 20

|Ponto Visado |Data 01/04/2019 Hora 07:30 Temp 242C  |Dif. ao anterior |Dif. 3 origem
X Y z [x Y z X ¥

APS 458302 595| 7126634 877 51541 0.001 0.000 -0.001 0.001 0.002 -0.001
AP9 458508 692| 7126623 072 51.544| 0.000 0.000 0.000) 0.002 0.003 0.000

AP10 458900.511| 7126533 636 51780 0.000 0.001 0.000) 0.004 0.003 0.000

AP11 458886 419| 7126596 267 51.882 0.000 0.000 0.001 0.001 0.000) 0.000)

AP12 458877.218 7126603 .761 43432 0.002 0.000 0.000) 0.007 -0.004 0.000

AP13 458883 865 7126622 554 51.024] 0.001] 0.000 0.000] 0.011 -0.005| -0.001]
C1 458503.131] 7126621 753 42304 0.000 0.000 0.000) -0.002 0.003 -0.002]
2 458883 376 7126625 894 48.801] 0.001 0.001 0.000) 0.007 -0.002 0.000)
3 458854278 7126616.274 48.794| 0.001 0.000 0.000) 0.001 0.003 0.000
[ 458891 621| 7126608 808 48,806 0.000 -0.001 0.001 0.002 0.001 -0.006]
[ 458338 854 7126601 048 48 805 0.000) 0.000 0.000) 0.001 0.002 -0.002]
53 458892 231 7126634 381 48.803| -0.002 0.002 -0.001 0.001 0.003 -0.001]
7 458301 521 7126631 878 42.2807| 0.000 0.000 0.000) 0.001 0.002 0.

Table 3 - Survey Reading of the targets — House block



Ponto usado Ponto visado
ESTO1 EST 04
[ Coord:| 458801362  7126646.008] 54119 Coord:|  458012623] 7126631662 53331
Ponto Visado [Pt 171052019 Hora 07:30 Temp 21°C Dif. a0 anterior Dif. 2 origem
X Y z X Y Z X Y Z

AP1 458914.134| 7126625.019 55.791 0.000 0.001 0.001 -0.002 -0.002 -0.003
AP2 458909.154| 7126610.768, 55.923 0.000 -0.001 0.000 -0.004 -0.003 -0.004
AP3 458894.154| 7126592.606 56.900 0.000 0.000 0.000 -0.006 0.002 -0.001
AP4 458872.135| 7126596.887 55.852 0.001 0.000 0.001 -0.007 0.002 -0.005
APS 458870.831| 7126609.227 62.072 0.000 0.000 0.000 0.008 -0.007 -0.006
AP6 458878.101] 7126629.969 65.644) 0.000 0.000 0.000 0.008 -0.006 -0.007
AP7 458886.344( 7126643211 58.74].' 0.000 0.000 0.000 0.009 0.000 -0.006

5 PRACTICAL RESULTS

According to the analysis of results obtained from readings of both inclinometers and topographic
targets, it was observed that:

a) Inclinometer P79

Compared to the previous reading (July 3, 2019), there was an increase of 0.15mm for the incli-
nometer located in pile 79, indicating that the horizontal and vertical displacements recorded on
site are stabilized after the reinforcement.

The total horizontal displacement recorded by the inclinometer was 35.62 mm at level -7.5 m
from the top of the inclinometer tube, corresponding to level -2 of the building.

b) Inclinometer P100

Compared to the previous reading, there was an increase of 0.43mm for the inclinometer located
in pile 100, indicating that the horizontal and vertical displacements recorded on site are stabi-
lized, although this displacement falls within the instrumentation plan defined in the project.

The total horizontal displacement recorded by the inclinometer was 15.43 mm at level -7.5 m
from the top of the inclinometer tube, corresponding to level -2 of the building.

¢) Topographic targets

Compared to the last readings, the observed movements do not exceed Imm in the targets read,
indicating that the retaining structure is stabilized.

The total horizontal displacement recorded by the topographic targets was 11 mm, located at
apartment 13.

With this, it can be concluded that the use of solutions with passive bracing within the city of
Maputo is suitable as long as risk factors are observed and any existing probability of risks is
mitigated before project execution. Additionally, constant inspections and measurements should
be carried out during the project to ensure stability.
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