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ABSTRACT:The geotechnical underground investigation constitutes a crucial stage for the construction of any 

building, especially those of large scale. According to the Brazilian legislation, any public work that requires a 

tendering process must be preceded by the preparation of a so-called Basic Project - which provides the necessary 

technical elements for the construction characterization and is under responsibility of the project proponent - to 

subsidize the submission of budget proposals by the competing companies. However, although the geotechnical 

investigation procedures for the formulation of the Basic Project are governed by technical standards, they can, 

due to imperfections in their implementation, imply on significant project changes during the contracts terms, 

that potentially lead to contractual additions for the adequacy to the new reality. Phelippe Daou bridge over the 

Rio Negro (in Manaus, State of Amazonas, Brazil) - the second longest fluvial bridge in the world - is an 

emblematic example that fits on this context, by the need of foundations structural system change due to 

nonconformities arising from geotechnical investigation stage during the Basic Project, a fact that generated an 

increase of over 60% to the initial cost. In order to corroborate to the importance of the correct and precise 

underground investigation during the Basic Project, this paper aims to present the geological and geotechnical 

conditions that resulted on the indispensable replacement of the infrastructure types, as well as to analyze and 

discuss the necessity of expanding the underground knowledge in those regions where there are few detailed and 

reliable information. 
 
RÉSUMÉ:L'enquête géotechnique souterraine constitue une étape cruciale pour la construction de tout bâtiment, 

en particulier de grande taille. Selon la législation brésilienne, tout travail public nécessitant un appel d’offres 
doit être précédé de la préparation d’un projet dit de base - qui fournit les éléments techniques nécessaires à la 

caractérisation de la construction et qui est sous la responsabilité du promoteur du projet - pour subventionner le 

projet. présentation de propositions budgétaires par les entreprises concurrentes. Cependant, bien que les 

procédures d’enquête géotechnique pour la formulation du projet de base soient régies par des normes techniques, 
elles peuvent, en raison d’imperfections dans leur mise en œuvre, impliquer des modifications importantes du 

projet au cours des conditions du contrat, susceptibles de conduire à des ajouts contractuels permettant la nouvelle 

réalité. Le pont Phelippe Daou sur le Rio Negro (à Manaus, dans l’État d’Amazonas, au Brésil) - le deuxième 

plus long pont fluvial au monde - est un exemple emblématique qui s’inscrit dans ce contexte, du fait de la 
nécessité de modifier le système structurel en raison de non-conformités phase d’investigation géotechnique au 
cours du projet de base, ce qui a généré une augmentation de plus de 60% du coût initial. Afin de corroborer 
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l’importance d’une enquête souterraine correcte et précise au cours du projet de base, le présent document vise à 
présenter les conditions géologiques et géotechniques qui ont conduit au remplacement indispensable des types 

d’infrastructures, ainsi qu’à analyser et à examiner la nécessité de élargir les connaissances souterraines dans les 
régions où il existe peu d'informations détaillées et fiables. 

 

Keywords:Phelippe Daou Bridge; geological-geotechnical characterization; foundations; underground 

investigations. 
 

1 INTRODUCTION 

The Phelippe Daou Bridge became a postcard 

of Manaus city due to its magnitude, architectural 

imposition, standing out in the general context for 

the technological importance and strategic 

significance, since it is the largest cable-stayed 

bridge over fresh water in the world, 3,595 meters 

long. This structure had in its Basic Project of 

foundations the prediction of the use of 

continuous flight auger piles (CFA)  for supports 

in the dry land; centrifuged precast concrete, 

prestressed - submerged supports of lower 

depths; and excavated with mud - stayed support 

and in the deepest submerged supports. 

For the elaboration of the Basic Project, a 

preliminary survey campaign was carried out, 

whose results indicated that it was a subsoil 

consisting of sands of increasing compactness 

with depth and without significant changes from 

one location to another, aiming at initially 

defining the probable types of foundations to be 

used, obtaining generic standards for the choice 

in the phase of the Executive Project. However, 

the displacement of the axis led to the disregard 

of the first surveys conducted, forcing a new 

subsurface research campaign along the 

alignment of the axis defined for Executive 

Project with at least one survey for support. 

The panorama found in the results of these 

surveys, considering the distribution of 

compactness along the depth and the occurrence 

of lenses of rocky material (sandstones, siltstones 

and clayey) with varying thicknesses, at different 

depths and in an erratic manner. use of 

prestressed precast piles due to cravability 

problems, since the occurrence of layers of rocky 

behavior found at some levels would impair this 

type of foundation. 

Thus, once the need to adapt to the actual 

geological characteristics of the terrain 

(especially the river bed substrates), which 

showed greater diversity than that presented in 

the preliminary geotechnical studies, was 

detected, the type of foundation was modified, 

prestressed for cast concrete stakes in situ, 

employing metal sleeve crimping, followed by 

digging with bentonite slurry. 

The adoption of the new type of foundation 

changed the types of services, logistics and, 

consequently, the final cost of the construction, 

making it necessary to sign an additive term, 

contemplating the addition of services and 

quantities, with a value increase around 60,45% 

and delay of the deadline for completion of the 

construction. 

For the elaboration of this article, the 

evaluations had as reference the Basic and 

Executive projects of the foundations, 

geological-geotechnical profiles obtained from 

the surveys, made by GEOFORT, GEOPRESS 

AND TECNOSONDA companies, totaling 84 

(eighty-four) percussion and mixed, with 

maximum depths reaching 63m, based on 

Brazilian standards of foundations (NBR 6122) 

and structure (NBR 6118). 

1.1 Geological units and enviromental 

tectonics 

The sedimentary rocks that occur in the study 

area comprise those of the Cretaceous-Tertiary 

Sequence of the Amazon Basin represented by 

the Javari Group. The geological formations of 
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the region surrounding the Phelippe Daou 

Bridge, comprising the Alter do Chão Formation, 

which includes fine to medium, red, clayey, 

kaolinitic, normally unconsolidated sandstones 

containing sparse quartz pebbles will be 

described in more detail, often presenting cross-

stratification; the Içá Formation, represented by 

sandy sediments with intercalations of fine, silty 

and clayey fractions, whose environment is 

possibly fluvial, with low or absent fossiliferous 

content, which is in disagreement with the Alter 

do Chão Formation; as well as the alluvial 

Quaternary deposits corresponding to the 

Solimões and Negro rivers system, consisting of 

sandy deposits, sometimes conglomeratic, 

kaolinic clays, rich in iron, and sands, occurring 

in the form of bar and flood plains deposits 

(floodplain). The quaternary units are represented 

in Figure 1. 

 
Figure 1. Geological map of the Phelippe Daou 

Bridge region. Albieiro (2009). 

 

The geological-structural sketch from Manaus 

to Manacapuru shows the occurrence of 

numerous geological faults that form structures 

of the type horstes and grabens. Thus, the Negro 

River comprises a wide tectonic graben, which 

extends to the depression of the river Ariaú 

(Graben Asymmetric of the river Ariaú). Silva et 

al. (2007) proposed a schematic geological 

section demonstrating the most recent tectonic 

deformation (neotectonics) affecting Manaus, 

Iranduba and Manacapuru regions (Figure 2). 

 
Figure 2. Geological section E-W (schematic) of 

the tectonic compartmentalization of the region of 

Manaus to Manacapuru. Silva et al (2007). 

2 CONDITIONERS IN THE 

INFRASTRUCTURE OF THE BRIDGE 

2.1 Geothecnical scenario 

Corroborating with Aguiar (2017), during the 

drilling of the soil, the constructors faced the 

issue of lack of previous experience in drilling 

with such large blades of water (some reached 57 

meters). So, until it was possible to get the first 

result, it took about six months, due to the losses 

of equipments during the process. 

All the description of strata, the presentation of 

the Standard Penetration Test (SPT) values and 

the conditions of execution met the requirements 

of the standard NBR 6484, so it is possible to 

endorse that the surveys carried out for the 

elaboration of the Basic Project were 

qualitatively adequate. These indicated 

homogeneous terrain, practically unchanged 

between the surveys and with increasing 

resistance values with depth, as can be seen in 

Figure 3, in which the results of the three (3) polls 

were superimposed, which indicated under the 

riverbed, 8 to 13 m of loose sands with organic 

sediments, 6 to 11 m of fine, loose to dense sand, 

and the rest of medium to dense sand with 

increasing compactness. 
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Figure 3. Standard penetration test for theBasic 

Project leveled in the bed of the Rio Negro. 

 

It should be considered that investigations 

during the Basic Design phase should be 

qualitatively and quantitatively sufficient to 

define the project from a conceptual point of view 

and quantities of services and materials in order 

to allow even in works that interact with masses, 

even given the numbers of investigations 

recommended in the standard, there is no 

absolute guarantee of anticipating the actual 

behavior, if not during the execution. 

Therefore, there is no Basic Project in Brazil 

that provides a complete panorama of the subsoil 

in view of the costs and deadlines necessary to 

carry out the investigations. In view of such 

limitations, it is adopted in engineering practice 

the methodology to accomplish sufficient 

investigations for the elaboration of the Basic 

Project, leaving to the Executive Project the 

responsibility of executing a larger number of 

surveys in all points of interest. 

Due to the fact that there are no specific 

Brazilian technical standards which provides a 

quantity of drilling holes in this kind of structure, 

Maffei (2009) states that it is usual to use between 

3% and 10% of the total drilling number, and, in 

the case of the Phelippe Daou Bridge, this 

number reached 4.5% (3 in 66). In this particular 

work, the regularity presented by the results of 

the surveys induced the Basic Project as if they 

represented the whole extension of the subsoil, 

that is, by analyzing the results at that time, and 

disconsidering what happened, the surveys would 

be sufficient to the elaboration of the Basic 

Project because, according to the usual practice, 

regardless any significant difference in the results 

of one of them would necessarily be made 

additional probes. 

The new surveys presented a very different 

picture, which can be observed in the geological-

geotechnical profile drawings in Figures 4 to 6, 

where the sandstone and clayey / siltite lenses are 

sampled by means of rotary drilling. The 

erraticity of the mass is evident by the 

intercalations of rock lenses of different 

thicknesses, for example, SP-A38 and SP-A56 

(Figures 5 and 6); taking into account the 

formation of the massif occurring also clay strata, 

for example, SP-A19 and SP-A40-05 (Figures 4 

and 5); taking into account the high compactness 

even at small depths, SP-A34 and SP-A52 

(Figures 5 and 6); as well as by the sometimes 

decreasing compactness, including under the 

rocky lenses, SPA29 and SP-A49 (Figures 5 and 

6). 

Considering the results of the Basic Project 

surveys, it is possible to state that the geological-

geotechnical profile based on these 

investigations, given the regularities presented, 

could cause serious damage to the Executive 

Project and, consequently, to the correct 

construction of the bridge, if there was not 

accomplished more detailed surveys in each one 

of the supports of the bridge. 
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Figure 4. Geological-geotechnical profile of the right bank of the Rio Negro (Iranduba) - SP-A01 until the 

support 23 (SP-A23). Srmm (2009). 

 

 
Figure 5. Geological-geotechnical profile between supports 23 and 46 (SP-A23 to SP-A46). Srmm (2009). 

 

 
Figure 6. Geological-geotechnical profile of support 46 to the left bank of the Rio Negro (Manaus - SP-A74). 

Srmm (2009). 
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2.2 Comparison between investigations 

The profiles of the three surveys of the Basic 

Project (SP-06, 07 and 08) show a very 

homogeneous and gradual lithologic and 

geotechnical pattern, typical of fluvial 

sedimentation in a speed regime in a region of 

water encounters. They begin by exhibiting 

substrate of loose sands with clay and organic 

materials, followed by layers of sand of different 

granulations, which generally and gradually are 

more dense with depth until reaching very high 

compactness (> 40 strokes), corresponding to 

sand confined to deeper levels, eventually 

cemented. 

 
Figure 7. Drill profile in the potion between supports 

53 to 64. Srmm (2009). 

 

Figure 8 allows to compare the two drills of the 

Basic and Executive projects side by side in the 

central mast block (support 40). From the 

analysis, it can be observed that the lithology 

found in surveys SP-06, 07 and 08, differs 

considerably from the surrounding panorama, 

unpredictable and significantly unpredictable. It 

is possible to observe a channel with a bottom 

made up of both recent and extremely ancient 

river strata as well as those of the Alter do Chão 

Formation domain. The latter, due to the effect of 

erosive load relief or diverse leaching, can 

present consistencies from low to very high, 

reaching the loose rock, not identified in any of 

the Basic Project surveys. Note also the presence 

of clayey/silty strata of high compactness, also 

not identified in the surveys in focus. 

 
Figure 8. Comparison between survey profiles of the 

Basic Project and the Executive Project - support 40. 

Srmm (2009). 

 

Through the direct comparison between the 

two profiles of nearby probes - Figure 8, a great 

discrepancy found between the materials and 

consistencies is observed. It is important not to 

identify SP-08 from the rocky top of the siltite 

layer followed by very consistent fine soils of 

about 12 m, present on the survey used in the 

executive project. 

Although the presence of faults could 

transform the local stratigraphy, the apparent 

continuity and extension of the siltite/argillite 

stratum that constitutes the top of the extensive 

layer of fine soils visible in the geological section 

would discard said interpretation. 

In order to resolve doubts as to the cause of 

such level of difference between the predicted 

geological model and that found (Basic vs. 

Executive Project) derived from the lithological 

classification of the three mentioned Basic 

Project surveys, it would be necessary to resort to 

its reclassification. However, the consistency 

profile (number of strokes) also does not match 

and could hardly be reproduced by the mere 

examination of samples already altered by 

sampling and storage time. 

In this way, it remains to be seen if the cause 

of the unpredictability confronted would not be 

linked to some discrepancy in the location of the 

holes, the high heterogeneity of the massif or 

another cause, not possible identification. 
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2.3 Data analysis 

According to Maffei (2009), the ideal mass for 

the drilling of precast stakes is undoubtedly the 

sandy one with increasing SPT values with depth, 

as suggested by the surveys that instructed the 

Basic Project. On the other hand, it would not be 

advisable to use precast rods when the SPT 

values do not guarantee lateral friction capacity 

before reaching a stratum in which the drilling is 

impracticable, as is the case of the indicated 

mass, according to the results of the drilling of the 

Executive Project and the conclusions of the 

analyzed reports (ALBIEIRO, 2009, 

CARNEIRO, 2009, MAFFEI, 2009 and 

VASCONCELOS et al). It is important to 

mention that the crimping is not feasible not only 

in the case of rocky lenses, but also in the case of 

materials with very high SPT under certain SPT-

50 conditions. Thus, the prospects in each 

support were more unfavorable than those of the 

Basic Project, with sandstone occurrences in the 

form of slabs (RQD 80%; 27%; 34%), with little 

thickness, alternating with sandy and clayey 

soils, whose support capacity would not meet the 

high working stresses at the end of the stake, as 

well as the low lateral resistance capacity due to 

the low coverage of non-moving soils (in the case 

of soft sands) due to the current and increase of 

river speed by the implantation of the staking, 

because the lateral resistances found in the Basic 

Project presented a reduction of 1/3 (one third) 

when compared to those obtained in the second 

survey campaign.  

This finding is most likely related to the 

differences found in the erraticity of the 

geological and geotechnical characteristics of the 

consolidated and unconsolidated materials 

associated with the Alter do Chão Formation, 

formed in the form of sands, argillites, siltstones, 

sandstones and conglomerates.  

Therefore, it remains to be seen what means 

are available to circumvent the limitation of the 

crimping offered by the more resistant strata, in 

order to be sure of the need to change the type of 

stake.  

Thus, the replacement of the pre-cast piles by 

the excavated piles was a natural solution because 

these are also foreseen in the Basic Project. 

Because the stakes were more complex, requiring 

nautical supports, different services and 

materials, the Basic Project chose to adopt 

precast stakes where possible, trying to reduce 

the cost of the work, since the foundation in 

stakes excavated would be the most appropriate 

for the case. 

However, given the subsoil conditions 

encountered, unpredictable in the light of the 

Basic Project drilling, the precast piles should be 

replaced by the excavated piles to execute the 

foundations in the river section, which in theory 

would not modify the scope of the work since it 

is a type of foundation already planned and that 

would certainly be the most appropriate. 

3 CONCLUSIONS 

The Basic Project surveys correspond to the 

probable scenario of the occurrence of the 

geological formation itself. Thus, the surveys for 

the Executive Project showed a different aspect, 

because in the longitudinal geological section, 

only part of the river channel presents low to 

medium consistency alluvial coverings in the first 

meters, composed of organic clays and/or alluvial 

sands. These layers are often supported on 

impure sandy sediments of varying compactness, 

however, generally ranging from high to very 

high. 

Considering that it was the procedure for 

conducting the Basic Project drilling - following 

the appropriate Brazilian technical standard - and 

homogeneous subsoil indicator, the results of 

these were opposed to the geological-

geotechnical profile indicated by the Executive 

Project drills, which presented interspersed 

occurrences of packets of sandstones, siltstones 

and clay, with clayey and sandy soils, without a 

characteristic pattern and chaotic distribution. 

Given the unpredictability of the Basic Project 

drilling, it would be impracticable to drill precast 

piles to withstand the efforts imposed by the work 
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of art, thus proving the necessary replacement of 

the pre-formed piles by the excavated piles with 

metal cladding, since such modification was 

presented as a natural solution, not only because 

it had already been foreseen in the Basic Project, 

but because it was adequate to the geological-

geotechnical characteristics of the subsoil. 

Although technical documents and standards 

(ISF 207 and NBR 8036) are available, showing 

the specificities of each project of special 

infrastructure works, they are not directly 

adopted for basic bridge projects. 

It should be noted that, although the correct 

method of testing subsurface survey 

investigations established in a technical standard 

and number of surveys consistent with current 

practice in terms of percentages adopted in 

bidding procedures in Brazil was used, due to the 

inexistence of technical guiding parameters of 

minimum quantities for special arts works 

(especially large ones), there will always be risks 

for significant design changes. 

Thus, as evidenced in this article, it is evident 

that there is a need to prioritize the most 

significant minimum criteria in geological-

geotechnical characterization campaigns to 

support the elaboration of the Basic Project 

(quantity and distribution), preferably through 

the elaboration of normative recommendations, 

attention to regions with a lack of reliable 

information, thus giving priority to safety in the 

elaboration of the Executive Project and 

reduction of the possibilities of high contractual 

additives. 
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