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１． 調査団員・氏名



添付資料１． 調査団員・氏名 

（１）第一次現地調査 

氏名 担当業務 所属 

杉山 茂 総括 

独立行政法人国際協力機構 

産業開発・公共政策部 

資源・エネルギーグループ 

山本 将史 計画管理 

独立行政法人国際協力機構 

産業開発・公共政策部 

資源・エネルギーグループ 

林 俊行 業務主任/電力計画 一般財団法人グローバル人材開発 

近藤 和晃 
副業務主任/電力計画/ 

調達計画/積算 
八千代エンジニヤリング株式会社 

伊藤 静雄 変電設備 八千代エンジニヤリング株式会社 

車田 輝雄 施設計画/基礎設計 八千代エンジニヤリング株式会社 

小田 幸司 自然条件/積算 八千代エンジニヤリング株式会社 

木下 信行 系統解析 八千代エンジニヤリング株式会社 

岸 直矢 業務調整/電力計画補助 八千代エンジニヤリング株式会社 

（２）第二次現地調査 

氏名 担当業務 所属 

小林 広幸 総括 

独立行政法人国際協力機構 

産業開発・公共政策部 

資源・エネルギーグループ 

早山 恒成 計画管理 

独立行政法人国際協力機構 

産業開発・公共政策部 

資源・エネルギーグループ 

林 俊行 業務主任/電力計画 一般財団法人グローバル人材開発 

近藤 和晃 
副業務主任/電力計画/ 

調達計画/積算 
八千代エンジニヤリング株式会社 

明石 秀雄 変電設備 八千代エンジニヤリング株式会社 

木下 信行 系統解析 八千代エンジニヤリング株式会社 

岸 直矢 業務調整/電力計画補助 八千代エンジニヤリング株式会社 
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２． 調査行程



添付資料２． 調査行程 

 

（１）第一次現地調査 

No. 月日（曜日） 
調査内容 

宿泊地 官ベース コンサルタント 

杉山、山本 林、近藤、伊藤、木下、岸 車田、小田 

1 11 月 20 日（日）  ① 移動｛成田–香港｝  機内 

2 11 月 21 日（月） 
 ① 移動｛香港–ﾖﾊﾈｽﾌﾞﾙｸﾞ–ﾏﾌﾟﾄ｝ 

② 団内協議 
 

マプト 

3 11 月 22 日（火）  

① 表敬訪問及び調査説明（JICA ﾓｻﾞﾝﾋﾞ

ｰｸ事務所）[8:30] 
② 表敬訪問及び調査説明（ﾓｻﾞﾝﾋﾞｰｸ電

力公社（EDM））[17:00] 
③ 技術協議（EDM：①要請内容・範囲

の確認、無償資金協力の仕組みの確

認[17:00] 
④ 技術協議（EDM：①質問票の提出と

説明、各カウンターパートの確認）

[17:00] 

 マプト 

4 11 月 23 日（水） 

 ① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集）[8:45] 
② 技術協議（EDM：グリッドコード入

手、）[14:30] 

 マプト 

5 11 月 24 日（木） 

 ① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集、変電所図面入手等）

[9:00] 
② 技術協議（EDM：PSSE データ、配電

計画等の情報収集等）[8:30] 

 マプト 

6 11 月 25 日（金） 

 ① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集、変電所図面入手等）

[9:00] 
② 現地作業事務所の確認[11:00] 
③ 団内協議（コンポーネント方向性の

確認）[16:00] 
④ 潮流計算 

 マプト 

7 11 月 26 日（土） 

 ① マプト、マトラ及び郊外の状況調査

（港湾、郊外の開発想定エリア、変

電所、工場等）[9:00] 
② データ解析（潮流計算等） 

 

マプト 

8 11 月 27 日（日） 
 ① 資料整理 

② データ解析（潮流計算等） 
 

マプト 

9 11 月 28 日（月） 

 ① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集、変電所図面入手等）

[9:00] 
② 技術協議（EDM：PSSE データ、配電

計画等の情報収集等）[8:30] 

 

マプト 

10 11 月 29 日（火） 
 ① 既設送変配電設備調査（ﾏﾄﾗ・ｷﾞｬﾚ変

電所、ﾏｼｬﾊﾞ変電所、ﾏﾄﾗ変電所、ﾎﾞｱ

ﾝ変電所）[9:00] 

 
マプト 
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No. 月日（曜日） 
調査内容 

宿泊地 官ベース コンサルタント 

杉山、山本 林、近藤、伊藤、木下、岸 車田、小田 

11 11 月 30 日（水） 

 ① 団内協議（コンポーネント方向性の

確認）[11:00] 
② 既設送変配電設備調査（Infulene 変

電所：単線結線図、既設設備仕様、

運転記録の収集、変電所図面入手等）

[14:00] 
③ データ解析（潮流計算等） 

 

マプト 

12 12 月 1 日（木） 

 ① 既設送変配電設備調査（Infulene 変

電所：単線結線図、既設設備仕様、

運転記録の収集、変電所図面入手等）

[9:00] 
② 現地工事会社への見積依頼（Socigol 

[13:30]、Engco Investimentos [15:30]、
MCC[16:00]） 

③ 調査進捗説明（EDM：コンポーネン

ト方向性、Infulene 変電所設備、移

動変電所）[17:00] 

 

マプト 

13 12 月 2 日（金） 

 ① 既設送変配電設備調査（Infulene 変

電所：単線結線図、既設設備仕様、

運転記録の収集、変電所図面入手等）

[9:00] 
② 現地工事会社への見積依頼（Comac 

[10:00]） 
③ 技術協議（EDM：系統解析）[11:00] 
④ 調査進捗説明（JICA ﾓｻﾞﾝﾋﾞｰｸ事務

所）[17:00] 

 

マプト 

14 12 月 3 日（土） 
 ① 資料整理 

② データ解析（潮流計算等） 
 

マプト 

15 12 月 4 日（日） ① Infulene 変電所視察および調査進捗説明[11:00]  マプト 

16 12 月 5 日（月） 

 

① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集、変電所図面入手等）

[9:00] 
② 技術協議（EDM：系統解析）[10:00] 
③ 団内協議（M/D（案）の作成）[13:30] 

 マプト 

① 表敬訪問及び M/D 協議（EDM）[18:30] 
・M/D 案説明 
・要請内容の確認並びに無償資金協力の仕組みの確認 

17 12 月 6 日（火） 
 

① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運転

記録の収集、変電所図面入手等）[9:00] 
② データ解析（潮流計算等） 

 マプト 

① 団内協議（M/D（案）の作成）[18:00]  

18 12 月 7 日（水） 

① 表敬訪問及び M/D 協議（EDM）[8:00] 
・M/D 案説明 
・要請内容の確認並びに無償資金協力の仕組みの確認  マプト 

 
① データ解析（潮流計算等） 
② 現地調査結果概要の作成 

A-2-2



No. 月日（曜日） 
調査内容 

宿泊地 官ベース コンサルタント 

杉山、山本 林、近藤、伊藤、木下、岸 車田、小田 

19 12 月 8 日（木）  

① 既設送変配電設備調査（Infulene 変電

所：単線結線図、既設設備仕様、運

転記録の収集、変電所図面入手等）

[9:00] 
② データ解析（潮流計算等） 
③ 現地調査結果概要の作成 

 マプト 

20 12 月 9 日（金） 

① M/D の署名[11:00]  

マプト 

 ① 既設送変配電設備調査（Infulene 変

電所：単線結線図、既設設備仕様、

運転記録の収集、変電所図面入手等）

[9:00] 
② データ解析（潮流計算等） 
③ 現地調査結果概要の作成 

21 12 月 10 日（土） 
 ① 資料整理 

② データ解析（潮流計算等） 
 

マプト 

22 12 月 11 日（日） 
 ① 資料整理 

② データ解析（潮流計算等） 
 

マプト 

23 12 月 12 日（月） 

 ① 技術協議（EDM：需要予測、免税措

置等）[10:00] 
② データ解析（潮流計算等） 
③ 現地調査結果概要の作成 

① 移動｛成田–香
港｝ マプト 

機内 

24 12 月 13 日（火） 

 ① 既設送変配電設備調査（Infulene 変電

所）[9:00] 
② 技術協議（EDM：他のプロジェクト

の状況等）[10:00] 
③ データ解析（潮流計算等） 
④ 現地調査結果概要の作成 

① 移動｛香港–ﾖﾊ
ﾈｽﾌﾞﾙｸﾞ–ﾏﾌﾟ
ﾄ｝ 

② Infulene 変電

所調査[13:00] 

マプト 

25 12 月 14 日（水） 

 ① 技術協議（EDM：他のプロジェクト

の状況等）[9:00] 
② 既設送変配電設備調査（CTM 変電

所）[13:00] 
③ フィールドレポート案の作成 
④ データ解析（潮流計算等） 
⑤ 現地調査結果概要の作成 

① 現地再委託業

者選定 

マプト 

26 12 月 15 日（木） 

 ① 技術協議（EDM：コンポーネント確

認等）[9:00] 
② 既設送変配電設備調査（Infulene 変

電所）[10:00] 
③ フィールドレポート案協議[16:00] 
④ データ解析（潮流計算等） 
⑤ 現地調査結果概要の作成 

① 現地再委託業

者選定 

マプト 

27 12 月 16 日（金） 

 ① 既設送変配電設備調査（Infulene 変電

所）[10:00] 
② フィールドレポート署名[13:00] 
③ データ解析（潮流計算等） 
④ 現地調査結果概要の作成 

① 資料整理 
② 現地再委託契

約 マプト 

28 12 月 17 日（土） 
 ① データ解析（潮流計算等） 

② 現地調査結果概要の作成 
① 現地調査結果

概要の作成 マプト 

29 12 月 18 日（日） 
 ① データ解析（潮流計算等） 

② 現地調査結果概要の作成 
① 現地調査結果

概要の作成 
マプト 
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No. 月日（曜日）

調査内容

宿泊地官ベース コンサルタント

杉山、山本 林、近藤、伊藤、木下、岸 車田、小田

30 12 月 19 日（月） 

① 既設送変配電設備調査（Infulene 変電

所）[9:00]
② データ解析（潮流計算等）

③ 現地調査結果概要の作成

① 現地再委託業

務監督

② 現地調査結果

概要の作成

マプト

31 12 月 20 日（火） 

① 既設送変配電設備調査（Infulene 変電

所）[9:00]
② データ解析（潮流計算等）

③ 現地調査結果概要の作成

① 移動｛ﾏﾌﾟﾄ–ﾖﾊ
ﾈ ｽ ﾌ ﾞ ﾙ ｸ ﾞ –香
港｝

マプト

機内

32 12 月 21 日（水） 

① マプトシティカスタマーケアサービ

ス事務所訪問[13:30]
② データ解析（潮流計算等）

③ 現地調査結果概要作成

① 移動｛ドバイ–
東京｝

マプト

33 12 月 22 日（木） 

① 既設送変配電設備調査（Infulene 変電

所）[9:00]
② 現地調査結果概要作成

③ 帰国挨拶（JICA ﾓｻﾞﾝﾋﾞｰｸ事務所）

[15:00]

マプト

34 12 月 23 日（金） ① 移動｛ﾏﾌﾟﾄ–ﾖﾊﾈｽﾌﾞﾙｸﾞ–香港｝ 機内

35 12 月 24 日（土） ① 移動｛香港-成田｝ 帰国

（２）第二次現地調査

No. 月日（曜日）

調査内容

宿泊地官ベース コンサルタント

小林、早山 林、近藤、明石、木下、岸

1 4月23日（日） ① 移動｛羽田–ｼﾝｶﾞﾎﾟｰﾙ–ﾖﾊﾈｽﾌﾞﾙｸﾞ｝ ① 移動｛成田–香港–ヨハネスブルグ｝ 機内

2 4月24日（月） 

① 移動｛ヨハネスブルグ–マプト｝

② 表敬訪問・調査予定の説明（JICA モザンビーク事務所）[13:30]
③ 表敬訪問・プロジェクト概要説明・MD（案）説明（鉱物資源エネルギー省

（MIREME））[15:45]

マプト

3 4月25日（火） 

① 表敬訪問・準備調査報告書（案）説明及び M/D（案）協議（モザンビーク電

力公社（EDM））[8:30]
② 世銀プロジェクト関係者との協議[14:30]
③ EDM の財務部との協議[14:30]

マプト

4 4月26日（水） 
① M/D（案）協議（EDM）[8:30]
② EDM のプロジェクト部長との協議[12:30] マプト

5 4月27日（木） 
① サイト現況確認（Infulene 変電所、Matola gale 変電所）[9:00]
② EDM 財務部長との協議[15:00]
③ M/D の署名[16:00]

マプト

6 4月28日（金） 
① 帰国挨拶（JICA ﾓｻﾞﾝﾋﾞｰｸ事務所）[8:00]
② サイト現況確認（Infulene 変電所）[10:00]

マプト

7 4月29日（土） ① 移動｛ﾏﾌﾟﾄ–ﾖﾊﾈｽﾌﾞﾙｸﾞ–ｼﾝｶﾞﾎﾟｰﾙ｝ ① 移動｛ﾏﾌﾟﾄ–ﾖﾊﾈｽﾌﾞﾙｸﾞ–香港｝ 機内

8 4月30日（日） ② 移動｛シンガポール–羽田｝ ① 移動｛香港–成田｝ 帰国
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３． 相手国関係者（面会者）リスト



添付資料３． 相手国関係者（面会者）リスト 

所属及び氏名 職位

モザンビーク電力公社

Electricidade de Mozambique (EDM)

 Mr. Mateus Magala CEO 
Mr. Carlos Yum Executive Board Member 
Mr. Aly Sicola Impija Executive Board Member 
Mr. Fatima Arthur Executive Board Member 
Mr. Antonio Gimo Junior Director System Planning 
Mr. Feliciano Andre Massingue Director Transmission Network 
Mr. Joaqium Ou-chim Director Project 
Mr. Geta Pery Director Finance 
Mr. Alberto R. Banze Director Maputo City Customer Care Service 
Mr. Abraao Rafael Deputy Director Projects 
Ms. Olga Utchavo System Planning 
Mr. Celso Saete Infulene Substation Manager 
Mr. Cesar Alfane Project Manager (New Business Development) 
Mr. Jose Micas Project Manager 
Mr. Claudio Dambe Project Manager 
Mr. Eduardo Zacarias Bule Head of the Statistic and Planning Department 
Mr. Felix Bucuane Finance Directorate 
Mr. Joaozinho Joao Protection Engineer 
Mr. Adriano Mandlate Maintenance Department 
Mr. Teodato Pedro Cossa Electrical Engineer Heavy Maintenance 
Ms. Rachel A. Baalessanvu Electrical Engineer 
Mr. Julio Guivala System Planning 
Mr. Gilberto Muchaya System Planning 
Mr. Faustind Edvardo System Planning 
Ms. Aissa Naimo System Planning Environment 
Mr. Sebastian Ngugulo Transmission Planning 
Ms. Yaca Cabra Transmission Planning 
Mr. Gil Vilanculo Transmission Planning 
Mr. Eltas Miambo Operator, Boane Substation 
Mr. Cristovao Novele Lines Engineer 
Mr. Andre Djive Engineer 
Mr. Guilherme Tenjua Engineer 
Ms. Ninlsa Pelembe System Operator 
Mr. Eikor Mabuie System Operator 
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鉱物資源エネルギー省 

Ministerio dos Recursos Minerais e Energia (MIREME) 

Mr. Eugenio Simbine National Director of Planning and Cooperation 

 

世界銀行モザンビーク事務所 

The World Bank Mozambique Office 

Mr. Claudio Buque Energy Specialist 

Ms. Zayra Romo Senior Energy Specialist 

 

公共事業住宅省 

Ministry of Public Works and Housing (MOPH) 
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1 - INTRODUCTION 

As requested by YACHIYO ENGINEERING CO., LTD, Tecnasol Mozambique carried out a geological and 

geotechnical investigation campaign for the expansion of the Infulene electrical substation, located at 

Matola City, Maputo Province in Mozambique. 

The purpose of this campaign was to make the geological-geotechnical characterization of the site, by the 

means of borehole that allowed the lithology’s identification and evaluate their resistance characteristics 

by performing SPT tests and two dynamic probing light (DPL). In this borehole, three undisturbed samples 

were taken to perform geomechanical laboratory tests. 

The locations of the borehole and DPL are show on the appended drawing (drawing nº P16/0495-

3749/001/0/11568). 

In this report we describe the work done, the results obtained, geotechnical considerations and foundation 

recommendation’s. 
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2 - GEOLOGICAL SETTINGS 

The area in question are represented on Maputo Geological Map (sheet 2532D3), published by 

Mozambique National Department of Geology (1:50 000 scale), where the "Congolote Formation" (Qco), 

dated at Quaternary, occurs. Is characterized by "coarse to fine grained sands (interior dunes)", 

At the present location this formation is represented by fine to medium-grained silty sands, reddish brown, 

loose to very dense. 

Mozambican Geological Map, 

Extract of Maputo Geological Map (sheet 2532D3)        Site Location 

Original scale – 1:50 000 

Figure 1 – Maputo geological map extract, 1:50 000 (published scale) and borehole location 

Study area 

A
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3 - GROUND INVESTIGATION WORKS 

3.1. General 

The geological-geotechnical recognition program submitted by the Client included the realization of one 

borehole and two Dynamic probing light (DPL). This borehole was vertical and was drilled with rotary 

equipment. At the same time as the borehole was drilled, SPT tests were also carried out. These ones were 

undertaken at intervals of 1.5 m or whenever the characteristics of the ground being drilled allowed.   

The criterion adopted for the end of the borehole was to obtain 3 consecutives SPT test greater than 60 

blows. 

Undisturbed samples of cohesive soils was obtained at the top of each change of stratum and at a spacing 

of not more than 1.5m in the borehole. 

The works were implemented by Tecnasol based on the design provided by the Client. 

3.1.1. DDrilling 

As mentioned above, 1 vertical borehole was drilled, with 30.0 m depth. 

This borehole is presented in the layout given by the Client (drawing nº P16/0495-3749/001/0/11568). 

Table I indicated for the borehole, the coordinate and final depth. 

Table I 

Borehole 
Depth reached 

(m) 
Coordinates 

E N Z 

BH1 30.0 452868.5070 7128746.2929 58.49
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The drilling was carried out using a rotary probe driven by a hydraulic diesel engine. The drilling is carried 

out by means of the rotary action, transmitted by the rotating head of the drilling machine, to the assembly 

constituted by the pins and the tip. 

In this drilling process, the progression is made through the placement of new sections of tracks until the 

desired depth is reached. Since the column is not very rigid, it is advisable to place a piece - "cardin" - 

between the last hole and the rotating head of the machine. 

In drilling, the action of a circulating fluid is not necessary since the helical shape promotes the raising of 

the disaggregated material from the bottom of the hole to the surface, keeping the hole clean. 

The borehole is considered to be finished and accepted when the defined stop criterion is reached. 

Figure 2 - Drilling rig in borehole 1 
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By using the results obtained from the drilling program carried out and combining this with the available 

bibliographic information and reconnaissance work done at the site, it’s possible define the litho-

stratigraphic units shown in Table II and described below. 

Table II 

Age Formation  Lithology 

Recent Top soil Light brown, dry, fine grained silty sand, 

Quaternary 
Congolote Formation 

(Qco) 

Reddish brown, dry to moist, fine grained silty sand, 

loose to medium dense 

Reddish brown, moist, fine grained, clayey silty 

sand, medium dense to very dense 

 

Recent – Top soil 

Sands – Were identified with 3.0 m thicknesses, corresponding to light brown, dry, fine-grained silty 

sand.  

 

Quaternary – Congolote Formation (Qco) 

Silty sand – were identified between 3.0m and 19.0 m, corresponding to reddish brown, dry to 

moist, fine grained silty sand. 

Clayey-silty sand – were identified from 19m to the maximum prospected depth, corresponding to 

reddish brown and whitish, moist, clayey-silty sand. 
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3.2. In situ tests  

3.2.1 SPT test 

The objective of dynamic penetration tests, SPT type, is to determine the resistance of the ground to the 

penetration of a standardised sampling probe while also taking representative samples. These tests are 

carried out inside boreholes at previously defined depths and whenever there is a change of lithology. 

The test consists of driving a standard probe by the application of dynamic energy produced through the 

dropping of a pile driver.  The dropping height and the weight of the pile driver are both standard: the pile 

driver weighs 63.5 Kg (140 lb), while the dropping height is 76 cm (30 in).  The pile driver is released by an 

automatic device. 

Before the test is started, the borehole is cleaned of any debris in order that the sampler can enter the 

ground without any interference.  When the test was done in ground where the borehole walls were 

unstable it was necessary to case those boreholes.  The sampler, connected to a string of rods, is lowered 

to the depth where the test is to be carried out.  The sampler comprises a steel tube 457 mm long, with 

exterior and interior diameters of 51 mm and 35 mm, respectively. 

 

 

 Figure 3 – SPT sampler 

After the test starts, a note is taken of the number of blows necessary for the sampler to penetrate 15 cm 

(6in).  Following that, a note is taken of the number of blows necessary for the sampler to penetrate 30 cm 

(12in).  When the sampler does not penetrate 30 cm with 60 blows, the penetration achieved for 60 blows 

is noted.  This is the end of the test.  After the test is completed, the sampler is opened by the operator and 

A
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the visual appearance of the sample is recorded, as are any transition zones, the sample length, etc.  The 

last 15 cm of the sample are put into a sealed container.  A label put inside the container records the 

number and name of the project, the date, the borehole name (or number), the depth at which the sample 

was collected, and the test results (number of blows in the different phases and respective penetrations).  

 

 Figure 4 – Standard Penetration Test Phases 

Through the carrying out of the SPT tests it is possible to relate the number of blows needed to penetrate 

the sampler into the ground with unconfined compressive strength or with compacity (Terzaghi and Peck, 

“Soil Mechanics in Engineering Practice”). 

For the analysis of the results, it is necessary to make corrections related to depth and energy dissipation.  

The first correction has to be made since the tension caused by the weight of the ground itself influences 
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the results, while the second correction concerns the dissipation of the “theoretical” energy corresponding 

to the pile driver weight and the height the pile driver is dropped until its hits the tip. 

The value corrected for depth is given by the following formula: 

N1 = CN × N 

Where CN is the correction factor and N is the number of blows counted in the test. 

When an automatic pile driver triggering device is used, energy dissipation is 40%, in other words, only 60% 

of the potential energy reaches the tip of the equipment.  

In the case of the automatic device used in the work in question, the correction is: 

 

Nd = 0,60 × N1 

 

The tests were done at regular intervals, every 1.5 m, using a standard sampler (Terzaghi sampler), with a 

total of 20 tests being carried out. Table III presents, by borehole, the NSPT values obtained. 

Table III 

Depth 
(m) 

1.5 3.0 4.5 6.0 6.60 9.0 10.5 11.1 12 13.5 15.0 16.5 18.0 18.6 21.0 22.5 24 25.5 27 28.5 30 

Nspt 3 5 7 US 14 17 U.S 15 16 20 19 5 U.S 23 28 33 49 25 60 60 60 

 

  NSPT≤20   23≤NSPT≤49   NSPT ≥60 

U.S – Undisturbed Sample 

The results are presented in the appended borehole description and interpretative cross-sections show at 

drawings nº. P16/0495-3749/001/0/11568. 
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3.2.2 DPL test 

3.2.2.1 General 

The DPL test is an expedited and fast execution test, applicable to soil and / or soil behavioral materials and 

to depths of penetration of the order of ten meters. 

The dynamic probing light (DPL) is integrated into a group of dynamic penetrometers whose basic principle 

is the crimping of a standard part with known geometric characteristics, using for that purpose a quantity 

of energy that can be scaled. 

The test with this penetrometer evaluates the resistance offered by the ground to the penetration of a 

conical tip, connected to the tip of metal rods, which is driven by a force of shock, that is, by the action of a 

pylon with standard weight and fall. 

The test with the light dynamic penetrometer consists of dropping a standardized height of 50 cm, 

weighing 10 kg, by counting the number of strokes (n) required to penetrate a 10 cm Conical shape 

attached to the tip of the rods. 

The pestle is released automatically and moves along the guide rod so as to hit the steel hold that drives 

the descent of the set of rods, at the tip of which the cone is connected, to the depth of execution of the 

test. 

In general, the test is terminated when the number of strokes reaches values between 125 and 150 strokes, 

for penetrations equal to or less than 10 cm. The experience in the execution of this type of tests allows to 

admit that, for values of this order of magnitude, there will already be in the presence of compact and / or 

consistent formations. 

In the present case, two (2) tests were carried out, for each test, the depth reached and the coordinates 

were presented in Table IV. 
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Table IV 

 

3.2.2.2 Results obtained 

The results of the DPL tests are expressed as a function of the depth reached by the conical tip, by the 

number of strokes corresponding to every 10 cm. Thus, for the different depths, the value of the resistance 

to the penetration of the terrain (qd) is determined by the following equation: 

 

)(kg/cm    
)(

Mn 
=q 2

2

d PMEA

H
 

Where: 

M - weight of the pestle; 

H - dropping height of the pylon; 

A - area of the base of the cone; 

E – penetration; 

P - weight of cone assembly, guide rod and stand; 

N - number of strokes for feed E. 

Test Depth reached 
(m) 

Coordinates 
E N Z 

DPL01 11.0 454461 7137121 58.44 

DPL02 11.0 454442 7137124 58.43 
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The results of the tests are expressed in graphical form, depending on the depth reached by the cone, by 

the number of strokes for a 10 cm crimping and the corresponding apparent dynamic resistances. Thus, the 

results of the tests carried out are presented in the graphic form. 

The graphs shown are: 

- Number of strokes (Nd) vs depth 

- Dynamic resistance (Qd) vs depth 

- Correlation Nº of strokes DPL (Nd) vs Nº strokes NSPT (NSPT = 0.7Nd) 

The following figure illustrate the execution of DPL in the Infulene electrical substation. 

              

Figure 5 – Illustration of DPL-01 and DPL-02 works at the site 

 

Field works included DPL tests developed throughout January on dry weather conditions and DPL features 

are given in Table V below.   
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Table V 

Ref. Date 

Final 
Depth 

UTM Coordinates 
(WGS84) Water 

level 
(m) 

Depth of blow count (m) Depth of Qd (m) 

 
 

Refusal  
(Y/N) 

 

 (m) E S <17 17 - 30 > 30 < 8 MPa 8 – 12 MPa > 13 MPa 

DPL-01 25/01/17  11.0 454461 7137121 ND 
0.4 – 5.8 
8.0 – 8.5 

0.0 – 0.4 
8.5 – 9.9 
9.9 – 11 

-–  
0.4 – 5.6 
8.1 – 8.5 
9.4 – 9.9 

0.0 – 0.4 
5.6 – 8.1 

9.9 – 11.0 
-- No 

DPL-02 25/01/17  11.0 454461 7137124 ND 0.0– 5.1 
5.1 – 5.4 
6.1 – 9.6 

9.6 – 11.0 
0.0 – 5.0 
5.4 – 6.0 

5.0 – 5.4 
6.0 – 8.9 

9.0 – 11.0 No 

 

3.3 Water levels 

The water levels were measured in all the boreholes at 12 hours intervals - at the beginning and at the end 

of the work day. These measurements are shown in Table VI. 

Table VI 

Borehole Date 
Water level depth (m) 

Depth borehole (m) 
Beginning of shift End of shift 

BH1 

17/01 – Moist 10 

18/01 Moist Moist 20.0 

19/01 Moist Moist 30.0 

 

According to the table VI, and the observations made in the field to control and evaluate the behavior of 

the local water level, it can be affirmed that in the study area, up to the depths reached, no water levels 

were detected. 

 

3.4 Undisturbed samples 

In order to characterize the occurring lithology in geomechanical terms, Tecnasol perform a collection of 3 

undisturbed samples using a Moran sampler. After collection, each sample was suitably packaged, sealed 

and referenced.  
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Figure 6 – Moran sampler 

Table VII indicate the collection depths and the respective lithologies. 

Table VII 

Borehole Depth (m) lithologies 

BH1 

6.0 – 6.60 Reddish brown, silty sand 

10.50 – 11.10 Reddish brown, silty sand 

18.0 – 18.60 Reddish brown, clayey-silty sand 

 

3.5 Laboratory tests 

In order to determine some geomechanical parameters of the soils, 3 undisturbed samples were tested. 

The collected samples were subjected to the following laboratorial tests: 

 Particle size by sieving; 

 Atterberg limits (LL, PL and PI); 

 Water content of soil; 

 Specific gravity; 

 Unconfined compressive strength of cohesive soils; 

 Consolidated-undrained triaxial compression test. 
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Soil laboratory testing results are summarized in the following table. The complete laboratory data records 
are available in the attached to this report. 

Table VIII 

Boreholes 
Type of 

sample 

Depth 

(m) 

 

Particle 

size 

%<P200 

(0.074m

m) 

Atteberg  limits 

Moisture 

Content 

 

Classification 
Specific 

gravity 

Unconfined 

compression 

 

Triaxial compression test 

 

 

 

 LL (%) IP (%) (%) ASTM AASHTO g/cm3 

qu 

 

E (MPa) 

qu 

 

E (MPa) 

σ3 

 

ф 

(KP) 

σ1 

 

ф 

(KPA) 

 

 

C 

 

ф 

( o ) 

 

C` 

 

ф 

( o ) 

BH1 

U.S 6.0 – 6.60 14.3 N/P N/P 4.8 SM A-2-4(0) 2,626 
29.8 

     
5500 

U.S 10.50 – 11.10  14.9 N/P N/P 9.6 SM A-2-4 (0) 2,611 

13.7 

-- 

50 

100 

200 

214 

410 

828 

2 

 

37 

0 

 

34 
1346 

U.S 18.0 – 18.60 20.8 19.9 4.6 14.8 
SC-

SM 
A-2-4 (0) 2,590 

19.2 
     

1323 

 

US-Undisturbed sample 

 

From the laboratory test is important to say that, the quantities of triaxial tests original planned (3 

samples), were only one was tested, and two not tested because, undisturbed samples, as the name 

implies, are samples that must be prepared respecting the conditions in which they arrive at the 

Laboratory. 

Soils without cohesion or weak cohesion, soils with relatively large fragments of rock, completely saturated 

soils being very soft, are some examples that hinders the first phase of the test, which is the preparation 

and molding of the test speciment. 

These test pieces must have a height to diameter ratio of 1.8 to 2.0 and for the triaxial test 3 test pieces are 
required under these conditions. 
 
The samples collected in this process 12117, had the conditions described below: 
 

- BH-01 (6,00 - 6,60) - Sample with poor cohesion. Phase of the molding: sample very sensitive to 
touch, split easily. We only get a sample with the required dimensions. (Figure 8), so it was not 
possible to perform the Triaxial Test. 
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- BH-01 (10,50 - 11,10) - Sample with slight cohesion. Phase of the molding: the slight cohesion of 

this sample allowed us to obtain the three test specimens to the test. 

 
- BH-01 (18,00 - 18,60) - Sample with some cohesion, but completely saturated. Phase of the 

molding: the sample presented with much water, being a fine sand slightly clayey, became very soft 

and could not support the own weight. Any attempt to level the faces or cut with the required 

measurement, the specimen completely deformed. We obtained only one specimen from a sample 

area with less water. (Figure 9), situation that don’t allowed to perform the Triaxial Test. 

 
 

 

 

 

 

 

 

 

 

Figure 8 and 9 – Preparation of samples for triaxial tests. 

 

 

 

 

4.1. General 

The geotechnical considerations set out in the following items are based on the obtained data from the 

ground investigation works and laboratory tests specifically defined for this design. 

 

4 - GEOTECHNICAL INTERPRETATION 
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4.2. Geotechnical Zones 

Based on the analysis and interpretation of the results obtained in the surveys carried out, three 

geotechnical zones were defined: GZ3 to GZ1, as indicated in the interpretive cross-section (drawings nº. 

P16/0495-3749/001/0/11568) attached. 

 

Geotechnical Zone 3 (GZ3) 

This is the worst geotechnical zone and was defined from the surface to a maximum depth of 18.6 m. 

 Is represented by top soil and silty sands. The NSPT values in this zone are between 3 and 20. 

 

Geotechnical Zone 2 (GZ2) 

This zone was defined underlying GZ3, with a thicknesses of 8.4 m. Is represented by reddish brown clayey-

silt sand, with NSPT values between 23 and 49, but most frequent between 23 to 33 blows.  

 

Geotechnical Zone 1 (GZ1) 

This is the zone with the best geotechnical characteristics, developing to the maximum prospected depths. 

Is represented by reddish brown, clayey-silty sand, with NSPT values  greater 60 blows. 

 

 

The following table presents the depths to which the different geotechnical zones defined above are 

intersected (Table IX). 

Table IX 

Borehole GZ3 GZ2 
 

GZ1 

BH1 0.0 – 18.6 18.6 – 27.0 27.0 – 30.0 
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4.3. Geotechnical Parameters 

Following the available information, having for base the results of the geotechnical investigation and the 

area recognition, it’s possible to suggest the following geotechnical parameters for the geotechnical zones 

previously defined (Table X). 

Table X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 - More frequent values 
 

The values of geotechnical parameters shown correspond to the estimates for the extreme values of SPT 

interested in this area. For intermediate values of SPT, the parameters should be estimated by 

interpolation.  

 

5 - FOUNDATIONS CONSIDERATIONS 

5.1. Direct Foundations – Allowable Bearing Capacity 

According to information received, the future structures’ ground level shall be located approximately 1.0m 

to 2.0m depth from grade level, which means that the ZG3 geotechnical zone will be the direct foundations 

general supporting stratum. 

Zones Description 
SPT 

(Blows) 

Specific 
gravity 

 
(KN/m3) 

Angle of 
internal 
friction 

´(º) 

Cohesion 
 

c´ (kPa) 

Deformability 
modulus 
E’s (MPa) 

GZ3 
(Brown and reddish 

brown, silty sand) Top 
soil.  

3 – 20 
 

(5 - 15)1 
 

16 - 18 25 - 35 -- 5 - 30 

GZ2 
Reddish Brown, silty 

sand. 

23 – 49 
 

(23 - 33)1 
18 - 20 36 - 39 -- 30 - 45 

GZ1 Reddish brown, clayey-
silty sand  

 
60 22 42 -- 75 
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In the presented document, the method proposed by Bowles (1988) for allowable bearing capacity 

estimate was adopted, based on correlations with SPT values. 

This simplified method assumes the following fundamental principles: 

1. Inclination ground surface below 10%; 

2. Homogeneous soil characteristics in the influence area of the footing (0.5xB above and 2.0xB below 

footing); 

3. Resultant of action loads presenting inclination lower than 10% with vertical direction; 

4. Maximum limit settlement = 25mm. 

Due to some heterogeneity regarding the ZG3 SPT values, the following allowable bearing pressures were 

estimated for two scenarios, corresponding to foundations located at 1.0m and 2.0m depth, according to 

the SPT average values and foundation widths (B): 

 

Table XI 

Geotechnical 
Zone 

Foundation width, B 
(m) 

Significant depth 
(1.0m+1.5xB to 2.0B) 

(m) 
SPT average value 

Allowable 
pressure, qa 

(kPa) 

ZG3 

1.0 2.5 to 3.0 = 3 75 

2.0 4.0 to 5.0 = (3+5+7)/3=5 80 

3.0 5.5 to 7.0 = (3+5+7+14)/4=7.25 ≈ 7.0 100 

4.0 7.0 to 9.0 = (3+5+7+14+17)/5=9.2 ≈ 9.0 120 

5.0 8.5 to 11.0 = (3+5+7+14+17+15)/6=10.17 ≈ 10.0 140 

 

Table XI – Foundations located at 1.0m depth - Allowable pressures  
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Table XII 

Geotechnical 
Zone 

Foundation width, B 
(m) 

Significant depth 
(2.0m+1.5xB to 2.0B) 

(m) 
SPT average value 

Allowable 
pressure, qa 

(kPa) 

ZG3 

1.0 3.5 to 4.0 = 5 75 

2.0 5.0 to 6.0 = (5+7)/2 = 6.0 80 

3.0 6.5 to 8.0 = (5+7+14)/3=8.67 ≈ 8.5 100 

4.0 8.0 to 10.0 = (5+7+14+17)/4=10.75 ≈ 10.5 120 

5.0 9.5 to 12.0 = (5+7+14+17+15)/5=11.6 ≈ 11.5 140 

 

Table XII – Foundations located at 2.0m depth - Allowable pressures  

 

In case of maximum limit settlement less than 25mm and/or foundation width exceeding 5.0m, a 

settlement analysis shall be performed. 

It’s important to highlight that the presented value estimates shall be used in low precision design 

calculations. Otherwise, other direct foundation design methods are recommended such as, for example, 

Meyerhof, Hansen or Eurocode 7 formulations. 

 

5.2. Indirect Foundations –Bearing Capacities 

As an alternative to a direct foundations system, a methodology to estimate indirect foundations (piles) 

bearing capacity is presented. 

The design method suggested uses a semi-empirical model developed by Bustamante & Gianeselli called 

experimental-penetrometer method. This method is based on the information collected from a large 

number of load tests, which supplied experimental data used to validate design methods based on CPT 

tests results, on this case obtained through correlation between SPT tests and qc values. 
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Considering the methodology mentioned, compressive ground resistance of each foundation element, Rcd is 

obtained adding the relative portions of limit base resistance and limit shaft resistance, affected by its 

respective partial safety factors. The result shall be compared to the axial compressive load in service 

conditions. 

- 
s

sk

b

bk
cd

RR
R  

where: 

Rbk is the characteristic base resistance; 

Rsk is the characteristic shaft resistance; 

b is a partial safety factor for base resistance, equal to 3.0; 

s is a partial safety factor for shaft resistance, equal to 2.0; 

The characteristic base resistance is calculated through the following expression: 

- AkqR ccbk  

where: 

qc is the unit cone resistance (CPT) calculated by correlation with the average number of 

blows of the SPT test obtained in the distance between 1.5D above the base and 1.5D 

bellow (qc~0.4 x NSPT,mean (MPa) for sands/silty sands); 

kc is the penetrometer factor, function of soil type and execution techniques; 

A is the pile base section. 

 

The shaft resistance is obtained as follows: 

- 
i

ii,ssk )lPq(R  

where: 

li is the thickness of stratum i; 
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P is the pile perimeter; 

qs.i is the unit shaft resistance along stratum i, calculated based on unit cone resistance (CPT), 

qc, and factor , dependant on soil type and execution techniques: 

i

i.c
i.s

q
q  

The maximum values of qs.i to adopt in each case, as well as the penetrometer factor kc and coefficient  

can be found in the following tables (sand): 

Table XIII 

 

Table XIII – maximum values of qs.i and coefficient  

 

 

 

Table XIV 

 

Table XIV – penetrometer factor kc 
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As an example of the described method, the following tables indicate the estimate bearing capacities for 

Ø600, Ø800 and Ø1000mm drilled piles, for the geological-geotechnical information collected by borehole 

BH1 and pile base at midpoint of GZ2 (Lpile = 22.0m). 

Table XV 

Borehole 

Pile 

Diameter 

(mm) 

Geotechnical 

Zone 

SPT  

average value 

qc  

(Mpa) 
 

qs 

(Mpa) 

qs,lim 

(Mpa) 

l 

(m) 

Rsk 

(kN) 
Kc 

Rbk 

(kN) 

Rcd 

(kN) 

BH1 

600 
GZ3 12.1 4.84 60 0.081 0.035 17.5 1154 - - 

1594 
GZ2 33.75 13.5 150 0.09 0.12 4.5 763 0.5 1909 

800 
GZ3 12.1 4.84 60 0.081 0.035 17.5 1539 - - 

2410 
GZ2 33.75 13.5 150 0.09 0.12 4.5 1018 0.5 3393 

1000 
GZ3 12.1 4.84 60 0.081 0.035 17.5 1924 - - 

3365 
GZ2 33.75 13.5 150 0.09 0.12 4.5 1272 0.5 5301 

Table XV – Pile bearing capacity in BH1 influence area and pile base at midpoint of GZ2 (Lpile = 22.0m) 

 

6 - FINAL CONSIDERATIONS 

The analysis and interpretation of the results obtained through the geological and geotechnical 

investigation and the geotechnical zones defined (drawings nº. P16/0495-3749/001/0/11568) turns 

possible the following considerations: 

a) Lithology 

The following sequence strata characterize the study area: 

 Top soil (brown, dry, silty sandy); 

 Congolote Formation (reddish brown, silty sand and clayey-silty sand). 
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b) Water level 

 According to water levels measured during the execution of borehole, it is not expected the 

occurrence of groundwater in the study area to the prospected depths. 

c) Foundation 

 The solution to adopt for foundations should be according to the loads to be transmitted, combined 

with the geotechnical characteristics of the foundation soil. 

 Two foundation types are suggested in Chapter 5 of the present Report – direct and indirect 

foundations - and an estimate of the respective bearing capacities is also presented for different 

types of foundation geometries.  

 The choice on the type of foundation to be adopted shall be performed by the Foundations 

Engineer, according to the information provided in the present Geotechnical Report and the future 

structures’ load characteristics. 

The presented considerations shall be conveniently evaluated at construction stage by a specialist, in order 

to confirm the assumptions made in the present Geotechnical Report. 
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7 - ATTACHMENTS 
 

   

 

Annex I – Triangular and size classification of soils 

Annex II – Boreholes and Photos 

Annex III – Dynamic probing Light 

Annex IV – Laboratory tests 

Annex V – Borehole location plant and interpretive cross-sections. 
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ANNEX III – DYNAMIC PROBING LIGHT 

10,0 kg 1,0 m
0,5 m 4,20 kg

2,925 kg 0,1 m

Technician: 
Verified by:

Obs: At 5m depth is observed a light humidity
Arlindo Mauelele
Gonçalo Oliveira

Location: Infulene -  Maputo Z = 58.44 m 25-01-2017

Hammer mass = Length of drive rods = 

Prof: 11.0 mHeight of fall = Avil + guide rod  =
Weight of drive rods = Unit interval=

Dynamic Probing Light 

SUBSTATION IN INFULENE
Coordinates (WGS84): 

DPL-01
M = 454463.443 m
P =  7137119.094 m Date:

0 10 20 30 40 50 60
0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

10,0

11,0

D
EP

TH
 (m

)

BLOWS N(10)

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

10,0

11,0

0,0 10,0 20,0 30,0

Rd (MPa)

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

10,0

11,0

0,0 5,0 10,0 15,0

Qd (MPa)

A
-6-19



N(10) Rd (MPa) Qd (MPa) N(10) Rd (MPa) Qd (MPa)

0,0 0,1 8 3,9 2,3 7,6 7,7 22,0 10,6 2,8

0,1 0,2 17 8,2 4,8 7,7 7,8 22,0 10,6 2,8

0,2 0,3 17 8,2 4,8 7,8 7,9 20,0 9,6 2,6

0,3 0,4 17 8,2 4,8 7,9 8,0 20,0 9,6 2,6

0,4 0,5 10 4,8 2,8 8,0 8,1 15,0 7,2 1,8

0,5 0,6 8 3,9 2,3 8,1 8,2 13,0 6,3 1,6

0,6 0,7 6 2,9 1,7 8,2 8,3 10,0 4,8 1,2

0,7 0,8 6 2,9 1,7 8,3 8,4 13,0 6,3 1,6

0,8 0,9 5 2,4 1,4 8,4 8,5 12,0 5,8 1,4

0,9 1,0 5 2,4 1,4 8,5 8,6 18,0 8,7 2,1

1,0 1,1 5 2,4 1,2 8,6 8,7 18,0 8,7 2,1

1,1 1,2 5 2,4 1,2 8,7 8,8 20,0 9,6 2,4

1,2 1,3 6 2,9 1,4 8,8 8,9 18,0 8,7 2,1

1,3 1,4 5 2,4 1,2 8,9 9,0 24,0 11,6 2,9

1,4 1,5 5 2,4 1,2 9,0 9,1 18,0 8,7 2,0

1,5 1,6 5 2,4 1,2 9,1 9,2 18,0 8,7 2,0

1,6 1,7 5 2,4 1,2 9,2 9,3 20,0 9,6 2,2

1,7 1,8 5 2,4 1,2 9,3 9,4 18,0 8,7 2,0

1,8 1,9 5 2,4 1,2 9,4 9,5 15,0 7,2 1,7

1,9 2,0 4 1,9 1,0 9,5 9,6 12,0 5,8 1,3

2,0 2,1 6 2,9 1,3 9,6 9,7 15,0 7,2 1,7

2,1 2,2 6 2,9 1,3 9,7 9,8 15,0 7,2 1,7

2,2 2,3 6 2,9 1,3 9,8 9,9 15,0 7,2 1,7

2,3 2,4 8 3,9 1,7 9,9 10,0 19,0 9,2 2,1

2,4 2,5 9 4,3 1,9 10,0 10,1 20,0 9,6 2,1

2,5 2,6 8 3,9 1,7 10,1 10,2 19,0 9,2 2,0

2,6 2,7 9 4,3 1,9 10,2 10,3 20,0 9,6 2,1

2,7 2,8 10 4,8 2,1 10,3 10,4 20,0 9,6 2,1

2,8 2,9 12 5,8 2,5 10,4 10,5 19,0 9,2 2,0

2,9 3,0 11 5,3 2,3 10,5 10,6 15,0 7,2 1,6

3,0 3,1 9 4,3 1,7 10,6 10,7 19,0 9,2 2,0

3,1 3,2 10 4,8 1,9 10,7 10,8 19,0 9,2 2,0

3,2 3,3 10 4,8 1,9 10,8 10,9 20,0 9,6 2,1

3,3 3,4 11 5,3 2,1 10,9 11,0 20,0 9,6 2,1

3,4 3,5 11 5,3 2,1
3,5 3,6 11 5,3 2,1
3,6 3,7 11 5,3 2,1
3,7 3,8 11 5,3 2,1
3,8 3,9 13 6,3 2,4
3,9 4,0 13 6,3 2,4
4,0 4,1 13 6,3 2,2
4,1 4,2 13 6,3 2,2
4,2 4,3 14 6,8 2,3
4,3 4,4 14 6,8 2,3
4,4 4,5 15 7,2 2,5
4,5 4,6 14 6,8 2,3
4,6 4,7 13 6,3 2,2
4,7 4,8 13 6,3 2,2
4,8 4,9 13 6,3 2,2
4,9 5,0 13 6,3 2,2
5,0 5,1 15 7,2 2,3
5,1 5,2 15 7,2 2,3
5,2 5,3 15 7,2 2,3
5,3 5,4 15 7,2 2,3
5,4 5,5 16 7,7 2,4
5,5 5,6 17 8,2 2,6
5,6 5,7 16 7,7 2,4
5,7 5,8 17 8,2 2,6
5,8 5,9 19 9,2 2,9
5,9 6,0 22 10,6 3,4
6,0 6,1 17 8,2 2,4
6,1 6,2 19 9,2 2,7
6,2 6,3 19 9,2 2,7
6,3 6,4 24 11,6 3,3
6,4 6,5 23 11,1 3,2
6,5 6,6 20 9,6 2,8
6,6 6,7 18 8,7 2,5
6,7 6,8 18 8,7 2,5
6,8 6,9 18 8,7 2,5
6,9 7,0 18 8,7 2,5
7,0 7,1 21 10,1 2,7
7,1 7,2 21 10,1 2,7
7,2 7,3 22 10,6 2,8
7,3 7,4 23 11,1 3,0
7,4 7,5 22 10,6 2,8
7,5 7,6 21 10,1 2,7

Technician: 
Verified by:

Obs: At 5m depth is observed a light humidity
Arlindo Mauelele
Gonçalo Oliveira

Location: Infulene -  Maputo Z = 58.44 m 25-01-2017

Prof. (m) Prof. (m)

DPL-01

Dynamic Probing Light 

SUBSTATION IN INFULENE
Coordinates (WGS84): DPL-01
M = 454463.443 m
P =  7137119.094 m Date:

10,0 kg 1,0 m
0,5 m 4,20 kg

2,925 kg 0,1 m

Technician: 
Verified by:

Obs: At 5m depth is observed a light humidity
Arlindo Mauelele
Gonçalo Oliveira

Z = 58.43 m 25-01-2017

Hammer mass = Length of drive rods = 

Prof: 11.0 mHeight of fall = Avil + guide rod  =
Weight of drive rods = Unit interval=

Location: Infulene -  Maputo

Dynamic Probing Light 

SUBSTATION IN INFULENE
Coordinates (WGS84): 

M = 454442.121 m
P =  7137123.641 m Date:

DPL-02
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N(10) Rd (MPa) Qd (MPa) N(10) Rd (MPa) Qd (MPa)

0,0 0,1 8 3,9 2,3 7,6 7,7 25,0 12,1 3,2

0,1 0,2 9 4,3 2,5 7,7 7,8 22,0 10,6 2,8

0,2 0,3 9 4,3 2,5 7,8 7,9 23,0 11,1 3,0

0,3 0,4 9 4,3 2,5 7,9 8,0 23,0 11,1 3,0

0,4 0,5 8 3,9 2,3 8,0 8,1 28,0 13,5 3,3

0,5 0,6 6 2,9 1,7 8,1 8,2 30,0 14,5 3,6

0,6 0,7 5 2,4 1,4 8,2 8,3 26,0 12,5 3,1

0,7 0,8 5 2,4 1,4 8,3 8,4 25,0 12,1 3,0

0,8 0,9 5 2,4 1,4 8,4 8,5 25,0 12,1 3,0

0,9 1,0 4 1,9 1,1 8,5 8,6 25,0 12,1 3,0

1,0 1,1 4 1,9 1,0 8,6 8,7 25,0 12,1 3,0

1,1 1,2 5 2,4 1,2 8,7 8,8 25,0 12,1 3,0

1,2 1,3 5 2,4 1,2 8,8 8,9 25,0 12,1 3,0

1,3 1,4 5 2,4 1,2 8,9 9,0 28,0 13,5 3,3

1,4 1,5 5 2,4 1,2 9,0 9,1 29,0 14,0 3,2

1,5 1,6 5 2,4 1,2 9,1 9,2 28,0 13,5 3,1

1,6 1,7 5 2,4 1,2 9,2 9,3 28,0 13,5 3,1

1,7 1,8 6 2,9 1,4 9,3 9,4 27,0 13,0 3,0

1,8 1,9 6 2,9 1,4 9,4 9,5 28,0 13,5 3,1

1,9 2,0 6 2,9 1,4 9,5 9,6 28,0 13,5 3,1

2,0 2,1 8 3,9 1,7 9,6 9,7 30,0 14,5 3,3

2,1 2,2 8 3,9 1,7 9,7 9,8 31,0 15,0 3,5

2,2 2,3 8 3,9 1,7 9,8 9,9 32,0 15,4 3,6

2,3 2,4 8 3,9 1,7 9,9 10,0 32,0 15,4 3,6

2,4 2,5 8 3,9 1,7 10,0 10,1 33,0 15,9 3,4

2,5 2,6 8 3,9 1,7 10,1 10,2 33,0 15,9 3,4

2,6 2,7 7 3,4 1,5 10,2 10,3 33,0 15,9 3,4

2,7 2,8 7 3,4 1,5 10,3 10,4 35,0 16,9 3,7

2,8 2,9 8 3,9 1,7 10,4 10,5 35,0 16,9 3,7

2,9 3,0 9 4,3 1,9 10,5 10,6 39,0 18,8 4,1

3,0 3,1 10 4,8 1,9 10,6 10,7 46,0 22,2 4,8

3,1 3,2 10 4,8 1,9 10,7 10,8 48,0 23,2 5,0

3,2 3,3 10 4,8 1,9 10,8 10,9 46,0 22,2 4,8

3,3 3,4 10 4,8 1,9 10,9 11,0 42,0 20,3 4,4

3,4 3,5 11 5,3 2,1
3,5 3,6 10 4,8 1,9
3,6 3,7 10 4,8 1,9
3,7 3,8 10 4,8 1,9
3,8 3,9 10 4,8 1,9
3,9 4,0 10 4,8 1,9
4,0 4,1 11 5,3 1,8
4,1 4,2 11 5,3 1,8
4,2 4,3 14 6,8 2,3
4,3 4,4 13 6,3 2,2
4,4 4,5 14 6,8 2,3
4,5 4,6 15 7,2 2,5
4,6 4,7 14 6,8 2,3
4,7 4,8 14 6,8 2,3
4,8 4,9 14 6,8 2,3
4,9 5,0 16 7,7 2,7
5,0 5,1 17 8,2 2,6
5,1 5,2 18 8,7 2,7
5,2 5,3 20 9,6 3,0
5,3 5,4 20 9,6 3,0
5,4 5,5 16 7,7 2,4
5,5 5,6 16 7,7 2,4
5,6 5,7 16 7,7 2,4
5,7 5,8 16 7,7 2,4
5,8 5,9 16 7,7 2,4
5,9 6,0 16 7,7 2,4
6,0 6,1 22 10,6 3,1
6,1 6,2 25 12,1 3,5
6,2 6,3 25 12,1 3,5
6,3 6,4 25 12,1 3,5
6,4 6,5 28 13,5 3,9
6,5 6,6 26 12,5 3,6
6,6 6,7 24 11,6 3,3
6,7 6,8 22 10,6 3,1
6,8 6,9 21 10,1 2,9
6,9 7,0 21 10,1 2,9
7,0 7,1 24 11,6 3,1
7,1 7,2 24 11,6 3,1
7,2 7,3 25 12,1 3,2
7,3 7,4 24 11,6 3,1
7,4 7,5 24 11,6 3,1
7,5 7,6 24 11,6 3,1

Technician: 
Verified by:

P =  7137123.641 m Date:

Prof. (m) Prof. (m)

Obs: At 5m depth is observed a light humidity
Arlindo Mauelele
Gonçalo Oliveira

Location: Infulene -  Maputo Z = 58.43 m 25-01-2017

DPL-02

Dynamic Probing Light 

SUBSTATION IN INFULENE
Coordinates (WGS84): DPL-02
M = 454442.121 m
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ANNEX IV –  LABORATORY TEST 
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12676

6,00-6,60

1 2 3

41 13 31

190,35 214,40 212,08

185,11 208,18 206,02

77,56 78,99 80,30

5,24 6,22 6,06

107,55 129,19 125,72

4,9 4,8 4,8

4,8 (0.1%)

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

REMARKS :

mc Mass of container (0,01g)

25/01/2017

mw+c Mass of wet soil + container (0,01g)

m d+c Mass of dry soil + container (0,01g)

MC=mml/md*100 Moisture content (0,1 %)

MOISTURE CONTENT  Mc =

mml=mw+c - md+c Mass of moisture loss (0,01g)

md=md+c - mc Mass of dry soil (0,01g)

Depth (m) :

Specimen number

Container number

Standard method:  ASTM D 2216 - 05

Sample Register date : Sample Nº :

5

Date : 25/01/2017 Date :

Tested by :

Page 1 of

Borehole or Pit :Redish brown, silty sandMaterial description :

DETERMINATION OF WATER CONTENT OF SOIL AND ROCK BY MASS

Job :

Job N. : 12117 - Lot 1

GEOTECNHICAL STUDY - INFULENE

BH-1

A
-6-22



p1= g

 TOTAL ACCUMULATED WEIGHT RETAINED BY SIEVE Nº 10 (g) p2= g

 TOTAL WEIGHT OF SAMPLE BELOW SIEVE Nº 10  (g) p3= g

 TOTAL WEIGHT USED IN TEST BELOW SIEVE Nº 10  (g) p4= g

100

Hydrometer (151H) nº

Specific gravity of soil
Correction dispersing agent
Correction meniscus

Time
(min)

Temp.

( o )

Heigth
read. (L)

2 21,0 #N/D

5 21,0 #N/D

15 21,0 #N/D

30 21,0 #N/D

60 21,0 #N/D

250 20,0 #N/D

1440 21,0 #N/D

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

REMARKS :

JOB : GEOTECNHICAL STUDY - INFULENE

Job N. 12117 - Lot 1

STANDARD TEST METHOD FOR PARTICLE - SIZE ANALYSIS OF SOILS
Standard method : ASTM D 6913 & ASTM D 422

0,00

107,58

107,58

Mass accumulated in sieve  %Passing

(Referred to the

total weight)

0,840 0,40 0,4 99,63" 75,0 0 0,0 100,0

 TOTAL WEIGHT OF SAMPLE  (g) 107,58

Material description :

Sample Register date : 25/01/2017

Redish brown, silty sand

Depth (m): 6,00-6,60

nº 20

(ASTM) Mass (g) % Passing (ASTM ) Mass (g) %

Sieve designation Mesh aperture

(mm)

Mass accumulated in sieve % Sieve designation Mesh aperture

(mm)

0,425 10,94 10,2 89,8

64,5

1 1/2" 37,5 0 0,0 100,0

2 1/2" 63,0 0 0,0 100,0 nº 40

nº 100 0,150 87,44 81,3 18,7

nº 140 0,105 91,31 84,9 15,1

2" 50,0 0 0,0 100,0 nº 60 0,250 38,22 35,5

1" 25,0 0 0,0 100,0

1/2" 12,5 0 0,0 100,0

0,075 92,23 85,7 14,33/4" 19,0 0 0,0 100,0 nº 200

nº 4 4,75 0 0,0 100,0
2,626

3/8" 9,5 0 0,0 100,0
27

0,0002

Readings  (L)
Composite
correction

Reading corrected
Particle

diameter   (D)

% of particles
referred to the

total

nº 10 2,00 0,00 0,0 100,0
0,0010

-0,0013 -0,0025 #N/D -1504,8
-0,0013 -0,0025 #N/D -1504,8
-0,0013 -0,0025 #N/D -1504,8
-0,0013 -0,0025 #N/D -1504,8

-0,0013 -0,0025 #N/D -1504,8

-0,0013 -0,0025 #N/D -1504,8
-0,0017 -0,0029 #N/D -1505,4

5

Date : 27/01/2017 Date :

Tested by : Verified by :
Page 2 of

635337,526,519,013,29,54,752,000,8400,4250,2500,1050,075
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Curve Particle Size Distribution

Mesh aperture (mm)

Sample Nº 12676

Borehole or Pit : BH-1

m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

LL= %

m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

PL= %

PI=(LL-PL)= - N/P = %

Tested by : Verified by :

Date : Date :
This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

Moisture content

Page 3 of 5

30/01/2017

N/P

Plasticity Index

N/P N/P

Mass of dry soil

Mass of moisture loss

Mass of dry soil + container

Mass of container

Plastic Limit

Container n.º

Mass of wet soil + container

N/P
Number of bumps

Mass of moisture loss

Moisture content

Mass of dry soil

Mass of container

Mass of dry soil + container

Mass of wet soil + container

Liquid Limit

Container n.º

LIQUID LIMIT, PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS
Standard method:  ASTM D 4318

Sample Register date : 25/01/2017 Sample Nº : 12676

JOB : GEOTECNHICAL STUDY - INFULENE

Job N. : 12117 - Lot 1

45
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Material description : Redish brown, silty sand Borehole or Pit : BH-1

Depth (m): 6,00-6,60

A
-6-23



25/01/2017

Redish brown, silty sand

x Method A

Method B

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

GEOTECNHICAL STUDY - INFULENE

12117 - Lot 1

Standard method: ASTM D854-02

SPECIFIC GRAVITY OF SOIL BY WATER PYCNOMETER

JOB :

Job N.

6,00-6,60Depth (m):

Pycnometer n.º nº 44 55

Test temperature (t) oC 27,0 27,0

Temperature  coeficient K 0,99831 0,99831

Pycnometer + sample + distilled
water (g)

Mrws,t 189,38 189,89

Pycnometer + distilled water (g) Mrw,t 173,72 174,19

25,24 25,35

Container nº 12 14

Container mass (g) P1 193,36 186,58

REMARKS:

Specific gravity (g/cm³) Gt 2,635 2,627

Specific gravity at 20ºC (g/cm³) G20ºC 2,630 2,623

Sample Register date :

Material description :

Sample Nº :

Borehole or Pit :

12676

Average (g/cm³) G20ºC 2,626

Mass of the oven dry soil +
Container (g)

P2 218,6 211,93

Mass of the oven dry soil (g) Ms

5

Date : 27/01/2017 Date :

Tested by :

Page 4 of
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BH-1

        Height specimen (L0) cm Type of sample:

        Diameter specimen (D0) cm Water content (w) %
(obtained after shear with entire specimen)

        Cross-sectional area (A0) cm2
( w) kN/m3

        Volume specimen (V0) cm3
Dry bulk density ( d) kN/m3

        Wt. specimen wet (Ww) g Specific gravity (G)  g/cm³

        Wt. specimen dry (Wd) g Degree of saturation (Sr) %

dial % Div N

00:00 0 0,00 0 0 27,34

00:20 154 0,13 8 25 27,37

00:40 316 0,26 15 47 27,41

01:05 523 0,43 22 70 27,46

01:32 797 0,65 25 79 27,52

01:55 997 0,82 26 82 27,56

02:56 1543 1,26 26 82 27,69

03:50 2010 1,65 25 79 27,80

04:44 2576 2,11 22 70 27,93

05:38 3142 2,58 19 60 28,06

06:32 3708 3,04 16 51 28,20

#N/D

0,42 %/min / 0,51 mm/min

qu= kPa

Su= kPa

Eav= kPa

REMARKS:

Tested by : Verified by :

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.

5of5Page

30/01/2017

5500
(average modulus)

Strain rate:

29,8

14,9

29,8

29,7

28,4

24,9

21,4

17,9

0,0

9,2

17,3

25,3

28,7

333,54 16,8

597,9

572,09 22

2,626
(measured)

6,00-6,60

12,20 Undisturbed

5,90 4,5

27,34 17,6

Sample Register date :

Material description : Borohole nº :

Sample nº :

Date: Date:

GEOTECNHICAL STUDY - INFULENE

Job N.

JOB :

12117 - Lot 1

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS
Standard method: ASTM D 2166-00

25/01/2017 12676

Time
(min:seg)

STRAIN LOAD CORR.
AREA

(cm2)

STRESS
(kPa)

0,0

4,0

8,0

12,0

16,0

20,0

24,0

28,0

32,0

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5
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Axial strain (%)

Stress-Strain Curve

Redish brown, silty sand BH-1

Depth (m):

A
-6-24



12677

10,50-11,10

1 2 3

5 29 18

201,27 215,77 217,81

190,61 203,93 205,58

78,69 78,78 79,86

10,66 11,84 12,23

111,92 125,15 125,72

9,5 9,5 9,7

9,6 (0.1%)

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

Borehole or Pit :Redish brown, silty sandMaterial description :

DETERMINATION OF WATER CONTENT OF SOIL AND ROCK BY MASS

Job :

Job N. : 12117 - Lot 1

GEOTECNHICAL STUDY - INFULENE

12

Date : 25/01/2017 Date :

Tested by :

Page 1 of

mml=mw+c - md+c Mass of moisture loss (0,01g)

md=md+c - mc Mass of dry soil (0,01g)

Depth (m) :

Specimen number

Container number

Standard method:  ASTM D 2216 - 05

Sample Register date : Sample Nº :

REMARKS :

mc Mass of container (0,01g)

25/01/2017

mw+c Mass of wet soil + container (0,01g)

m d+c Mass of dry soil + container (0,01g)

MC=mml/md*100 Moisture content (0,1 %)

MOISTURE CONTENT  Mc =

BH-1
p1= g

 TOTAL ACCUMULATED WEIGHT RETAINED BY SIEVE Nº 10 (g) p2= g

 TOTAL WEIGHT OF SAMPLE BELOW SIEVE Nº 10  (g) p3= g

 TOTAL WEIGHT USED IN TEST BELOW SIEVE Nº 10  (g) p4= g

100

Hydrometer (151H) nº

Specific gravity of soil
Correction dispersing agent
Correction meniscus

Time
(min)

Temp.

( o )

Heigth
read. (L)

2 21,0 #N/D

5 21,0 #N/D

15 21,0 #N/D

30 21,0 #N/D

60 21,0 #N/D

250 20,0 #N/D

1440 21,0 #N/D

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

12

Date : 27/01/2017 Date :

Tested by : Verified by :
Page 2 of

-0,0013 -0,0025 #N/D -1291,3

-0,0013 -0,0025 #N/D -1291,3
-0,0017 -0,0029 #N/D -1291,8

-0,0013 -0,0025 #N/D -1291,3
-0,0013 -0,0025 #N/D -1291,3

-0,0013 -0,0025 #N/D -1291,3
-0,0013 -0,0025 #N/D -1291,3

0,0002

Readings  (L)
Composite
correction

Reading corrected
Particle

diameter   (D)

% of particles
referred to the

total

nº 10 2,00 0,00 0,0 100,0
0,0010

nº 4 4,75 0 0,0 100,0
2,611

3/8" 9,5 0 0,0 100,0
27

1/2" 12,5 0 0,0 100,0

0,075 107,10 85,1 14,93/4" 19,0 0 0,0 100,0 nº 200

nº 140 0,105 105,88 84,1 15,9

2" 50,0 0 0,0 100,0 nº 60 0,250 40,67 32,3

1" 25,0 0 0,0 100,0

0,425 11,43 9,1 90,9

67,7

1 1/2" 37,5 0 0,0 100,0

2 1/2" 63,0 0 0,0 100,0 nº 40

nº 100 0,150 99,66 79,2 20,8

nº 20

(ASTM) Mass (g) % Passing (ASTM ) Mass (g) %

Sieve designation Mesh aperture

(mm)

Mass accumulated in sieve % Sieve designation Mesh aperture

(mm)

 TOTAL WEIGHT OF SAMPLE  (g) 125,83

Material description :

Sample Register date : 25/01/2017

Redish brown, silty sand

Depth (m): 10,50-11,10

REMARKS :

JOB : GEOTECNHICAL STUDY - INFULENE

Job N. 12117 - Lot 1

STANDARD TEST METHOD FOR PARTICLE - SIZE ANALYSIS OF SOILS
Standard method : ASTM D 6913 & ASTM D 422

0,00

125,83

125,83

Mass accumulated in sieve  %Passing

(Referred to the

total weight)

0,840 0,45 0,4 99,63" 75,0 0 0,0 100,0

635337,526,519,013,29,54,752,000,8400,4250,2500,1050,075
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Curve Particle Size Distribution

Mesh aperture (mm)

Sample Nº 12677

Borehole or Pit : BH-1

A
-6-25



m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

LL= %

m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

PL= %

PI=(LL-PL)= - N/P = %

Tested by : Verified by :

Date : Date :
This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

LIQUID LIMIT, PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS
Standard method:  ASTM D 4318

Sample Register date : 25/01/2017 Sample Nº : 12677

JOB : GEOTECNHICAL STUDY - INFULENE

Job N. : 12117 - Lot 1

Liquid Limit

Container n.º

Mass of dry soil + container

Mass of wet soil + container

Mass of dry soil

Mass of container

Mass of moisture loss

Moisture content

N/P
Number of bumps

Plastic Limit

Container n.º

Mass of wet soil + container

Mass of dry soil + container

Mass of container

Mass of dry soil

Mass of moisture loss

Moisture content

Page 3 of 12

30/01/2017

N/P

Plasticity Index

N/P N/P

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

M
o

is
tu

re
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o
n

te
n

t 
(%

)

Number of bumps

Material description : Redish brown, silty sand Borehole or Pit : BH-1

Depth (m): 10,50-11,10

25/01/2017

Redish brown, silty sand

x Method A

Method B

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

12

Date : 27/01/2017 Date :

Tested by :

Page 4 of

Sample Register date :

Material description :

Sample Nº :

Borehole or Pit :

12677

Average (g/cm³) G20ºC 2,611

Mass of the oven dry soil +
Container (g)

P2 212,72 213,22

Mass of the oven dry soil (g) Ms

REMARKS:

Specific gravity (g/cm³) Gt 2,616 2,614

Specific gravity at 20ºC (g/cm³) G20ºC 2,612 2,610

25,11 25,43

Container nº 22 31

Container mass (g) P1 187,61 187,79

Pycnometer + sample + distilled
water (g)

Mrws,t 189,23 189,89

Pycnometer + distilled water (g) Mrw,t 173,72 174,19

Test temperature (t) oC 26,0 26,0

Temperature  coeficient K 0,99858 0,99858

10,50-11,10Depth (m):

Pycnometer n.º nº 44 55

GEOTECNHICAL STUDY - INFULENE

12117 - Lot 1

Standard method: ASTM D854-02

SPECIFIC GRAVITY OF SOIL BY WATER PYCNOMETER

JOB :

Job N.

)
,

(
, s

M
tws

M
tw

M

s
M

t
G



BH-1

A
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        Height specimen (L0) cm Type of sample:

        Diameter specimen (D0) cm Water content (w) %
(obtained after shear with entire specimen)

        Cross-sectional area (A0) cm2
( w) kN/m3

        Volume specimen (V0) cm3
Dry bulk density ( d) kN/m3

        Wt. specimen wet (Ww) g Specific gravity (G)  g/cm³

        Wt. specimen dry (Wd) g Degree of saturation (Sr) %

dial % Div N

00:00 0 0,00 0 0 27,34

00:19 119 0,10 3 9 27,37

00:37 297 0,25 5 16 27,41

01:00 497 0,41 7 22 27,45

01:35 799 0,67 10 32 27,52

02:03 997 0,83 11 35 27,57

03:10 1555 1,30 12 38 27,70

03:57 1950 1,63 12 38 27,79

04:44 2345 1,95 11 35 27,88

05:31 2740 2,28 10 32 27,98

06:18 3135 2,61 8 25 28,07

07:05 3530 2,94 5 16 28,17

#N/D

0,41 %/min / 0,49 mm/min

qu= kPa

Su= kPa

Eav= kPa

REMARKS:

Tested by : Verified by :

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.

Date: Date:

GEOTECNHICAL STUDY - INFULENE

Job N.

JOB :

12117 - Lot 1

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS
Standard method: ASTM D 2166-00

25/01/2017 12677

Time
(min:seg)

STRAIN LOAD CORR.
AREA

(cm2)

STRESS
(kPa)

Sample Register date :

Material description : Borohole nº :

Sample nº :

10,50-11,10

12,00 Undisturbed

5,90 7,2

27,34 18,9

Depth (m):

11,5

328,08 17,6

631,3

588,91 41

2,611
(measured)

0,0

3,5

5,8

8,1

12,6

13,7

13,6

12,5

11,3

9,0

5,6

Strain rate:

13,7

6,8

1346
(average modulus)

12of5Page
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Heigth H (cm)
Diam.
F (cm)

Area               F
(cm2)

Volume
F (cm3)

Total Weigth P
(g)

Dry Weigth Ps
(g)

11,6 5,9 27,34 317,1 659,8

11,53 5,87 27,02 311,7 725,4

609,5 DATE: 31/01/2017

HOUR CHAMBER
PRESSURE

BACK-
PRESSURE

CONSOLID.
PRESSURE

CHAMBER
PRESSURE (kPa) 290 CHAMBER

PRESSURE (kPa)

HH/mm kPa kPa kPa 3

(kPa)
READ   U

(kPa)
U

(kPa)
B % BACK-PRESSURE (kPa) 240 BACK-PRESSURE (kPa)

11:20 50 ---

--- --- ---

08:00 50 40 DD/MM/AA hh/mm/ss cm3 DD/MM/AA hh/mm/ss cm3

08:20 90 59 23,4

08:00 90 81 21,2

08:20 131 111 20,1

08:00 130 122 19,5

08:20 171 155 19,1

08:00 171 165 18,9

08:20 210 199 18,7

08:00 210 204 18,6

08:20 250 241 18,5

08:00 250 240 18,4

08:20 291 280 18,2

18,1

18,1

18,0

17,9

17,9

DONED BY: DONED BY:

COMMENTS:

Mod.PL.28.5/6 - 21/5/09

MAN-1

TECNASOL
31/01/2017

TYPE OF TEST

Test Conclusion Date

16/02/2017
Job : GEOTECHNICAL STUDY - INFULENE

1 - PREPARATION

12677 - I

Sample
Process 12117 LotRua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.: 25821720402  Fax:

25821720404   e-mail: mail@geocontrole.pt

1

Sample Register Date
Client :

TEST REPORT
Borehole

Volume metter nº

Lab.005.007

Volume metter nº

Page 7 of 12

Depth

10,50-11,10

30

40 98

2 - SATURATION

SKEMPTON PARAMETER (B)

19

DATE

40 10

END OF CONSOLITION

END OF TEST

31/01/2017

73

01/02/2017 40 10 40

81 9

03/02/2017 122 8 41

41

05/02/2017 204 6 40

04/02/2017 165 6 39

80

34 87

37 93

06/02/2017 240 10 41

33

DONED BY:Pressure metter nº

8/2/17 10:19

HOUR
 VOLUME
VARIAT.

3 - CONSOLIDATION

DATE HOUR
 VOLUME
VARIAT. DATE

TYPE OF RUBER:

8/2/17 10:30

8/2/17 10:51

8/2/17 11:42

8/2/17 13:03

8/2/17 16:14

8/2/17 19:25

9/2/17 7:25

9/2/17 13:11

9/2/17 18:57

10/2/17 10:57

13/2/17 7:18

14/2/17 8:02

PREPARATION

8/2/17 10:11

8/2/17 10:12

8/2/17 10:14

PAPER (drain)

48

02/02/2017

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST WITH MEASUREMENT OF PORE PRESSURE
BS 1377 - PART 8

CU

Thin

No

CHAMBER Nº 51

0,0

2,0

4,0

6,0
0:00 0:01 0:14 2:24 24:00 240:00 2400:00 24000:00 240000:00

V
o

lu
m

e 
V

ar
 c

m
3

Time

BH-01

BEGINNING OF THE TEST

DIAMETER SPECIMEN (φ) 5,9 cm

HEIGHT SPECIMEN (H0) 11,6 cm

WATER CONTENT (w) 8,2 %

WET SPECIFIC WEIGHT (γ) 20,4 kN/m3

DRY SPECIFIC WEIGHT (γd) 18,8 kN/m3

END OF THE TEST

WATER CONTENT (w) 19,0 %

WET SPECIFIC WEIGHT (γ) 22,8 kN/m3

DRY SPECIFIC WEIGHT (γd) 19,2 kN/m3

SATURATION:

SKEMPTON PARAMETER (B) 97,6 %

CONSOLIDATION:

REDUCED VOLUME (ΔV) 5,5 cm3

STRAIN (ΔH) 0,07 cm

CONSOLIDATION COEFICIENTE (CV) ---

Particle Density 2,611

Time (seg) ΔV

0 0 0,0 1,00 08/02/2017 10:11 23,4

2 35 0,1 1,71 08/02/2017 10:12 21,2

5 54 0,3 2,08 08/02/2017 10:14 20,1

9 68 0,6 2,36 08/02/2017 10:19 19,5

11 82 0,8 2,63 08/02/2017 10:30 19,1

13 104 1,1 3,07 08/02/2017 10:51 18,9

13 114 1,8 3,29 08/02/2017 11:42 18,7

10 126 2,6 3,52 08/02/2017 13:03 18,6

2 137 3,5 3,75 08/02/2017 16:14 18,5

-2 149 4,3 3,97 08/02/2017 19:25 18,4

-6 162 5,3 4,23 09/02/2017 07:25 18,2

-10 164 6,5 4,28 09/02/2017 13:11 18,1

-14 164 8,1 4,29 09/02/2017 18:57 18,1

-18 164 8,9 4,28 10/02/2017 10:57 18,0

-23 162 10,3 4,23 13/02/2017 07:18 17,9

-30 157 11,5 4,14 14/02/2017 08:02 17,9

-32 146 13,5 3,91

00/01/1900 00:00 0,0

00/01/1900 00:00 0,0

Vt100 ---

COMMENTS:

Mod.PL.28/1

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.

AXIAL
strain

(%)
1/ 3

ALTURA = 7.51 cm
LARGURA = 10.22 cm

214 kPa

17/fev/17 Page 8 of

-14 kPa

CHECK:

Issue date

Consolidation

- 3 164 kPa

U

VALUES FOR SHEARING PHASE CALCULATION

U
(kPa)

1- 3
(kPa)

TEST REPORT

1

SPECIMEN CHARACTERISTIC
PREPARATION / CONSOLIDATION / SATURATION

Rua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.:
25821720402  Fax: 25821720404   e-mail: mail@geocontrole.pt

Sample Register Date

31/01/2017

Test Conclusion Date
Job : GEOTECHNICAL STUDY - INFULENE

Borehole

Process 12117 Lot
Sample

12677 - I

Client : TECNASOL
Depth

10,50-11,10
16/02/2017

RUPTURE SCHEME

TRIAXIAL TEST
"CU"  TEST

BS 1377

WITH PORE PRESSURE MEASURE
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DONE BY:

12

228 kPa

CONSIDERED VALUES IN RUPTURE
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Heigth H (cm)
Diam.
F (cm)

Area               F
(cm2)

Volume
F (cm3)

Total Weigth P
(g)

Dry Weigth Ps
(g)

11,5 5,9 27,34 314,4 625,4

11,41 5,85 26,90 306,8 682,2

575,9 DATE: 31/01/2017

HOUR CHAMBER
PRESSURE

BACK-
PRESSURE

CONSOLID.
PRESSURE

CHAMBER
PRESSURE (kPa) 340 CHAMBER

PRESSURE (kPa)

HH/mm kPa kPa kPa 3

(kPa)
READ   U

(kPa)
U

(kPa)
B % BACK-PRESSURE (kPa) 240 BACK-PRESSURE (kPa)

11:50 50 ---

--- --- ---

08:20 50 40 DD/MM/AA hh/mm/ss cm3 DD/MM/AA hh/mm/ss cm3

08:40 90 60 36,5

08:20 91 81 39,1

08:40 131 112 41,0

08:20 130 122 41,6

08:40 170 154 41,9

08:20 171 165 42,2

08:40 211 198 42,4

08:20 210 204 42,6

08:40 250 241 42,8

08:20 250 240 42,9

08:40 290 280 43,2

43,3

43,4

43,6

44,0

44,1

44,1

DONED BY: DONED BY:

COMMENTS:

Mod.PL.28.5/6 - 21/5/09

CHAMBER Nº 52

PAPER (drain)

50

02/02/2017 78

01/02/2017 40 10

81

15/2/17 8:15

9/2/17 18:57

10/2/17 10:57

13/2/17 7:18

14/2/17 8:02

8/2/17 16:14

8/2/17 19:25

9/2/17 7:25

9/2/17 13:11

8/2/17 10:51

8/2/17 11:42

8/2/17 13:03

8/2/17 10:19

HOUR

8/2/17 10:12

 VOLUME
VARIAT.

3 - CONSOLIDATION

DATE HOUR
 VOLUME
VARIAT. DATE

06/02/2017 240 10 40

80

33 83

40 100

37 93

04/02/2017 165 6 40

05/02/2017 204 6 40

8/2/17 10:11
20

03/02/2017 122 8 40 32
8/2/17 10:30

8/2/17 10:14
10 40 31

Depth

10,50-11,10
Test Conclusion Date

16/02/2017

Page 9 of 12

TEST REPORT
Borehole

12677 - II

Sample
12117 Lot 1

SKEMPTON PARAMETER (B)

Volume metter nº

Lab.005.006

Volume metter nº

Process

END OF CONSOLITION

END OF TEST

31/01/2017

Rua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.: 25821720402  Fax:
25821720404   e-mail: mail@geocontrole.pt

Sample Register Date
Client : TECNASOL

31/01/2017

40

Job : GEOTECHNICAL STUDY - INFULENE

1 - PREPARATION

TYPE OF RUBER:

TYPE OF TEST

PREPARATION

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST WITH MEASUREMENT OF PORE PRESSURE
BS 1377 - PART 8

CU

Thin

No

Pressure metter nº

MAN-1

DATE

40 10

DONED BY:

2 - SATURATION

0,0

5,0

10,0
0:00 0:01 0:14 2:24 24:00 240:00

V
ar

.V
o

lu
m

e 
cm

3

Tempo

BH-01

BEGINNING OF THE TEST

DIAMETER SPECIMEN (φ) 5,90 cm

HEIGHT SPECIMEN (H0) 11,50 cm

WATER CONTENT (w) 8,6 %

WET SPECIFIC WEIGHT (γ) 19,5 kN/m3

DRY SPECIFIC WEIGHT (γd) 18,0 kN/m3

END OF THE TEST

WATER CONTENT (w) 18,5 %

WET SPECIFIC WEIGHT (γ) 21,8 kN/m3

DRY SPECIFIC WEIGHT (γd) 18,4 kN/m3

SATURATION:

SKEMPTON PARAMETER (B) 100 %

CONSOLIDATION:

REDUCED VOLUME (ΔV) 7,6 cm3

STRAIN (ΔH) 0,09 cm

CONSOLIDATION COEFICIENTE (CV) ---

Particle Density ---

Time (seg) ΔV

0 0 0,0 1,00 08/02/2017 10:11 36,5

4 58 0,1 1,58 08/02/2017 10:12 39,1

6 130 0,3 2,30 08/02/2017 10:14 41,0

8 167 0,6 2,67 08/02/2017 10:19 41,6

10 205 0,8 3,05 08/02/2017 10:30 41,9

11 235 1,2 3,35 08/02/2017 10:51 42,2

12 266 1,9 3,66 08/02/2017 11:42 42,4

8 282 2,5 3,82 08/02/2017 13:03 42,6

2 296 3,2 3,96 08/02/2017 16:14 42,8

-4 303 4,3 4,03 08/02/2017 19:25 42,9

-12 307 5,5 4,07 09/02/2017 07:25 43,2

-17 310 6,6 4,10 09/02/2017 13:11 43,3

-22 310 8,0 4,10 09/02/2017 18:57 43,4

-26 308 9,0 4,08 10/02/2017 10:57 43,6

-30 304 10,3 4,04 13/02/2017 07:18 44,0

-38 301 11,6 4,01 14/02/2017 08:02 44,1

-45 281 13,7 3,81 15/02/2017 08:15 44,1

-50 242 16,0 3,42

Vt100 ---

COMMENTS:

Mod.PL.28/1

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.
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DONE BY:

Issue date Page 10 of

Consolidation

100

- 3

kPa U

TRIAXIAL TEST
"CU"  TEST

BS 1377

WITH PORE PRESSURE MEASURE

310 kPa

Depth

GEOTECHNICAL STUDY - INFULENE 10,50-11,10
16/02/2017

RUPTURE SCHEME

Test Conclusion Date
Job :

Borehole

Process 12117 Lot
Sample

12677 - II

Client : TECNASOL

VALUES FOR SHEARING PHASE CALCULATION

U
(kPa)

-22 kPa

TEST REPORT

1Rua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.:
25821720402  Fax: 25821720404   e-mail: mail@geocontrole.pt

Sample Register Date

31/01/2017

1- 3
(kPa)

AXIAL
strain

(%)
1/ 3

ALTURA = 7.51 cm
LARGURA = 10.22 cm

SPECIMEN CHARACTERISTIC
PREPARATION / CONSOLIDATION / SATURATION

CONSIDERED VALUES IN RUPTURE

122 kPa

410 kPa

17/fev/17

432 kPa

CHECK:
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Heigth H (cm)
Diam.
F (cm)

Area               F
(cm2)

Volume
F (cm3)

Total Weigth P
(g)

Dry Weigth Ps
(g)

11,5 5,9 27,34 314,4 614,1

11,41 5,85 26,90 306,8 664,5

567,1 DATE: 31/01/2017

HOUR CHAMBER
PRESSURE

BACK-
PRESSURE

CONSOLID.
PRESSURE

CHAMBER
PRESSURE (kPa) 440 CHAMBER

PRESSURE (kPa)

HH/mm kPa kPa kPa 3

(kPa)
READ   U

(kPa)
U

(kPa)
B % BACK-PRESSURE (kPa) 240 BACK-PRESSURE (kPa)

12:45 50 ---

--- --- ---

08:40 51 40 DD/MM/AA hh/mm/ss cm3 DD/MM/AA hh/mm/ss cm3

09:00 90 61 5,5

08:40 91 81 6,9

09:00 130 114 8,8

08:40 130 122 10,1

09:00 170 157 10,8

08:40 170 165 11,8

09:00 211 202 12,7

08:40 210 204 13,5

09:00 249 240 14,0

08:40 250 240 14,5

09:00 291 279 15,2

15,4

15,6

15,8

16,4

16,5

16,5

DONED BY: DONED BY:

COMMENTS:

Mod.PL.28.5/6 - 21/5/09

MAN-1

TECNASOL
31/01/2017

TYPE OF TEST

Test Conclusion Date

16/02/2017
Job : GEOTECHNICAL STUDY - INFULENE

1 - PREPARATION

12677 - III

Sample
Process 12117 LotRua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.: 25821720402  Fax:

25821720404   e-mail: mail@geocontrole.pt

1

Sample Register Date
Client :

TEST REPORT
Borehole

Volume metter nº

Lab.005.007

Volume metter nº

Page 11 of 12

Depth

10,50-11,10

33

39 95

2 - SATURATION

SKEMPTON PARAMETER (B)

21

DATE

40 10

END OF CONSOLITION

END OF TEST

31/01/2017

85

01/02/2017 40 11 39

81 10

03/02/2017 122 8 40

39

05/02/2017 204 6 39

04/02/2017 165 5 41

88

37 90

36 92

06/02/2017 240 10 41

35

DONED BY:Pressure metter nº

8/2/17 10:19

HOUR
 VOLUME
VARIAT.

3 - CONSOLIDATION

DATE HOUR
 VOLUME
VARIAT. DATE

TYPE OF RUBER:

8/2/17 10:30

8/2/17 10:51

8/2/17 11:42

8/2/17 13:03

8/2/17 16:14

8/2/17 19:25

9/2/17 7:25

9/2/17 13:11

9/2/17 18:57

10/2/17 10:57

13/2/17 7:18

14/2/17 8:02

15/2/17 8:10

PREPARATION

8/2/17 10:11

8/2/17 10:12

8/2/17 10:14

PAPER (drain)

54

02/02/2017

CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST WITH MEASUREMENT OF PORE PRESSURE
BS 1377 - PART 8

CU

Thin

No

CHAMBER Nº 53

0,0

5,0

10,0

15,0
0:00 0:01 0:14 2:24 24:00 240:00

V
ar

.V
o

lu
m

e 
cm

3

Tempo

BH-01

BEGINNING OF THE TEST

DIAMETER SPECIMEN (φ) 5,90 cm

HEIGHT SPECIMEN (H0) 11,50 cm

WATER CONTENT (w) 8,3 %

WET SPECIFIC WEIGHT (γ) 19,1 kN/m3

DRY SPECIFIC WEIGHT (γd) 17,7 kN/m3

END OF THE TEST

WATER CONTENT (w) 17,2 %

WET SPECIFIC WEIGHT (γ) 21,5 kN/m3

DRY SPECIFIC WEIGHT (γd) 18,3 kN/m3

SATURATION:

SKEMPTON PARAMETER (B) 95,1 %

CONSOLIDATION:

REDUCED VOLUME (ΔV) 11 cm3

STRAIN (ΔH) 0,13 cm

CONSOLIDATION COEFICIENTE (CV) ---

Particle Density ---

Time (seg) ΔV

0 0 0,0 1,00 08/02/2017 10:11 5,5

4 83 0,1 1,42 08/02/2017 10:12 6,9

6 170 0,3 1,85 08/02/2017 10:14 8,8

7 244 0,5 2,22 08/02/2017 10:19 10,1

6 282 0,8 2,41 08/02/2017 10:30 10,8

3 332 1,2 2,66 08/02/2017 10:51 11,8

-4 391 1,9 2,96 08/02/2017 11:42 12,7

-7 429 2,6 3,15 08/02/2017 13:03 13,5

-13 473 3,3 3,37 08/02/2017 16:14 14,0

-23 525 4,4 3,62 08/02/2017 19:25 14,5

-30 564 5,5 3,82 09/02/2017 07:25 15,2

-36 601 6,7 4,01 09/02/2017 13:11 15,4

-42 628 8,1 4,14 09/02/2017 18:57 15,6

-47 622 9,2 4,11 10/02/2017 10:57 15,8

-51 612 10,5 4,06 13/02/2017 07:18 16,4

-52 598 11,6 3,99 14/02/2017 08:02 16,5

-54 556 13,8 3,78 15/02/2017 08:10 16,5

-56 519 16,5 3,60

Vt100

COMMENTS:

Mod.PL.28/1

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.
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DONE BY:

Issue date Page 12 of

Consolidation

200

- 3

kPa U

TRIAXIAL TEST
"CU"  TEST

BS 1377

WITH PORE PRESSURE MEASURE

628 kPa

Depth

GEOTECHNICAL STUDY - INFULENE 10,50-11,10
16/02/2017

RUPTURE SCHEME

Test Conclusion Date
Job :

Borehole

Process 12117 Lot
Sample

12677 - III

Client : TECNASOL

VALUES FOR SHEARING PHASE CALCULATION

U
(kPa)

-42 kPa

TEST REPORT

1Rua Xavier Matola,362 Unidade C, Cx Postal nº 15-Matola-Maputo-Moçambique   Tel.:
25821720402  Fax: 25821720404   e-mail: mail@geocontrole.pt

Sample Register Date

31/01/2017

1- 3
(kPa)

AXIAL
strain

(%)
1/ 3

ALTURA = 7.51 cm
LARGURA = 10.22 cm

SPECIMEN CHARACTERISTIC
PREPARATION / CONSOLIDATION / SATURATION

CONSIDERED VALUES IN RUPTURE

242 kPa

828 kPa

17/fev/17

870 kPa

CHECK:

12
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Axial  Strain (%)
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3
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12678

18,00-18,60

1 2 3

19 22 36

218,01 229,16 246,69

200,67 209,78 226,07

78,20 79,94 90,20

17,34 19,38 20,62

122,47 129,84 135,87

14,2 14,9 15,2

14,8 (0.1%)

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

REMARKS :

mc Mass of container (0,01g)

25/01/2017

mw+c Mass of wet soil + container (0,01g)

m d+c Mass of dry soil + container (0,01g)

MC=mml/md*100 Moisture content (0,1 %)

MOISTURE CONTENT  Mc =

mml=mw+c - md+c Mass of moisture loss (0,01g)

md=md+c - mc Mass of dry soil (0,01g)

Depth (m) :

Specimen number

Container number

Standard method:  ASTM D 2216 - 05

Sample Register date : Sample Nº :

5

Date : 25/01/2017 Date :

Tested by :

Page 1 of

Borehole or Pit :Redish brown, clayey-silty sandMaterial description :

DETERMINATION OF WATER CONTENT OF SOIL AND ROCK BY MASS

Job :

Job N. : 12117 - Lot 1

GEOTECNHICAL STUDY - INFULENE

BH-1
p1= g

 TOTAL ACCUMULATED WEIGHT RETAINED BY SIEVE Nº 10 (g) p2= g

 TOTAL WEIGHT OF SAMPLE BELOW SIEVE Nº 10  (g) p3= g

 TOTAL WEIGHT USED IN TEST BELOW SIEVE Nº 10  (g) p4= g

100

Hydrometer (151H) nº

Specific gravity of soil
Correction dispersing agent
Correction meniscus

Time
(min)

Temp.

( o )

Heigth
read. (L)

2 21,0 #N/D

5 21,0 #N/D

15 21,0 #N/D

30 21,0 #N/D

60 21,0 #N/D

250 20,0 #N/D

1440 21,0 #N/D

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

REMARKS :

JOB : GEOTECNHICAL STUDY - INFULENE

Job N. 12117 - Lot 1

STANDARD TEST METHOD FOR PARTICLE - SIZE ANALYSIS OF SOILS
Standard method : ASTM D 6913 & ASTM D 422

0,00

122,32

122,32

Mass accumulated in sieve  %Passing

(Referred to the

total weight)

0,840 0,55 0,4 99,63" 75,0 0 0,0 100,0

 TOTAL WEIGHT OF SAMPLE  (g) 122,32

Material description :

Sample Register date : 25/01/2017

Redish brown, clayey-silty sand

Depth (m): 18,00-18,60

nº 20

(ASTM) Mass (g) % Passing (ASTM ) Mass (g) %

Sieve designation Mesh aperture

(mm)

Mass accumulated in sieve % Sieve designation Mesh aperture

(mm)

0,425 9,23 7,5 92,5

67,9

1 1/2" 37,5 0 0,0 100,0

2 1/2" 63,0 0 0,0 100,0 nº 40

nº 100 0,150 90,64 74,1 25,9

nº 140 0,105 95,29 77,9 22,1

2" 50,0 0 0,0 100,0 nº 60 0,250 39,30 32,1

1" 25,0 0 0,0 100,0

1/2" 12,5 0 0,0 100,0

0,075 96,86 79,2 20,83/4" 19,0 0 0,0 100,0 nº 200

nº 4 4,75 0 0,0 100,0
2,590

3/8" 9,5 0 0,0 100,0
27

0,0002

Readings  (L)
Composite
correction

Reading corrected
Particle

diameter   (D)

% of particles
referred to the

total

nº 10 2,00 0,00 0,0 100,0
0,0010

-0,0013 -0,0025 #N/D -1335,0
-0,0013 -0,0025 #N/D -1335,0
-0,0013 -0,0025 #N/D -1335,0
-0,0013 -0,0025 #N/D -1335,0

-0,0013 -0,0025 #N/D -1335,0

-0,0013 -0,0025 #N/D -1335,0
-0,0017 -0,0029 #N/D -1335,6

5

Date : 27/01/2017 Date :

Tested by : Verified by :
Page 2 of

635337,526,519,013,29,54,752,000,8400,4250,2500,1050,075
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Curve Particle Size Distribution

Mesh aperture (mm)

Sample Nº 12678

Borehole or Pit : BH-1

A
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m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

LL= %

m2 (g)

m3 (g)

m1 (g)

md=m3-m1 (g)

mw=m2-m3 (g)

w=100*mw/md (%)

PL= %

Wet preparation / Method A - multipoit test

PI=(LL-PL)= - 15,3 = %

Tested by : Verified by :

Date : Date :
This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

JOB :

Job N. : 12117 - Lot 1

GEOTECNHICAL STUDY - INFULENE

LIQUID LIMIT, PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS
Standard method:  ASTM D 4318

Sample Register date : 25/01/2017 Sample Nº : 12678

Redish brown, clayey-silty sand

Mass of wet soil + container 14,31 13,20 14,58 13,01

Liquid Limit

Container n.º 492 73 496 217

Mass of dry soil 4,7 5,1 5,0 5,0

Mass of dry soil + container 13,23 12,13 13,59 12,08

Mass of container 8,52 7,01 8,56 7,10

Mass of moisture loss 1,1 1,1 1,0 0,9

Moisture content 22,9 20,9 19,7 18,7

19,9
Number of bumps 12 19 27 34

Plastic Limit

Container n.º 213 212 211 215

Mass of container 6,94 6,90 6,97 7,03

2,2 2,1 2,1

Mass of moisture loss 0,3 0,3 0,3 0,3

Mass of wet soil + container 9,28 9,38 9,39 9,43

Mass of dry soil + container 8,97 9,05 9,08 9,10

REMARKS :

Moisture content 15,3 15,3 14,7 15,9

Page 3 of 5

31/01/2017

15,3

Plasticity Index

19,9 4,6

Mass of dry soil 2,0

12 19 27 34

15
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Number of bumps

Material description : Borehole or Pit : BH-1

Depth (m): 18,00-18,60

25/01/2017

Redish brown, clayey-silty sand

x Method A

Method B

Verified by :

This test report can only  be reproduced totaly, or partially with Geocontrole express authorization.

GEOTECNHICAL STUDY - INFULENE

12117 - Lot 1

Standard method: ASTM D854-02

SPECIFIC GRAVITY OF SOIL BY WATER PYCNOMETER

JOB :

Job N.

18,00-18,60Depth (m):

Pycnometer n.º nº 3 82

Test temperature (t) oC 27,0 27,0

Temperature  coeficient K 0,99831 0,99831

Pycnometer + sample + distilled
water (g)

Mrws,t 159,19 157,61

Pycnometer + distilled water (g) Mrw,t 143,88 142,26

24,89 25,00

Container nº 61 23

Container mass (g) P1 188,30 175,84

REMARKS:

Specific gravity (g/cm³) Gt 2,598 2,591

Specific gravity at 20ºC (g/cm³) G20ºC 2,594 2,586

Sample Register date :

Material description :

Sample Nº :

Borehole or Pit :

12678

Average (g/cm³) G20ºC 2,590

Mass of the oven dry soil +
Container (g)

P2 213,19 200,84

Mass of the oven dry soil (g) Ms

5

Date : 30/01/2017 Date :

Tested by :

Page 4 of
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Redish brown, clayey-silty sand

        Height specimen (L0) cm Type of sample:

        Diameter specimen (D0) cm Water content (w) %
(obtained after shear with entire specimen)

        Cross-sectional area (A0) cm2
( w) kN/m3

        Volume specimen (V0) cm3
Dry bulk density ( d) kN/m3

        Wt. specimen wet (Ww) g Specific gravity (G)  g/cm³

        Wt. specimen dry (Wd) g Degree of saturation (Sr) %

dial % Div N

00:00 0 0,00 0 0 27,34

00:15 130 0,11 4 13 27,37

00:31 268 0,22 5 16 27,40

00:56 497 0,41 7 22 27,45

01:29 799 0,66 10 32 27,52

02:00 997 0,83 12 38 27,57

02:54 1575 1,31 15 47 27,70

03:47 2017 1,68 16 51 27,81

04:44 2655 2,21 17 54 27,96

06:35 3597 2,99 17 54 28,18

07:30 3988 3,32 17 54 28,28

07:49 4257 3,54 17 54 28,34

08:10 4426 3,68 17 54 28,38

08:44 4680 3,89 16 51 28,45

11:00 5789 4,82 12 38 28,72

11:55 6315 5,25 10 32 28,86

#N/D

0,41 %/min / 0,50 mm/min

qu= kPa

Su= kPa

Eav= kPa

REMARKS:

Tested by : Verified by :

This test report only can be reproduced totaly, or partially with Geocontrole express authorization. The results are referring to the test sample.

5of5Page

30/01/2017

1323
(average modulus)

Strain rate:

19,2

9,6

13,8

17,1

18,2

19,2

19,1

19,0

19,0

18,9

17,8

13,2

11,0

0,0

4,6

5,8

8,1

11,5

328,62 19,1

740,68

641,32 123

2,590
(measured)

18,00-18,60

12,02 Undisturbed

5,90 15,5

27,34 22,1

Sample Register date :

Material description : Borohole nº :

Sample nº :

Date: Date:

GEOTECNHICAL STUDY - INFULENE

Job N.

JOB :

12117 - Lot 1

UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOILS
Standard method: ASTM D 2166-00

25/01/2017 12678

Time
(min:seg)

STRAIN LOAD CORR.
AREA

(cm2)

STRESS
(kPa)

0,0
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Axial strain (%)

Stress-Strain Curve

BH-1

Depth (m):
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ANNEX V –  BOREHOLE LOCATION PLAN AND INTERPRETATIVE CROSS-SECTION 
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７． 移動式変電所の Matola Gare 変電所への輸送ルート



移動式変電所輸送ルート（Maputo 港－Matola Gare 変電所） 

①最大勾配

7.8%

②勾配 5.6%

幅員約 9m 
やや緩やかなカーブ

① ② ③

港 

幅員約 12m 
角度約 90° 

幅員約 11m 
角度約 90° 

幅員約 14m 
角度約 80° 

幅員約 16m 
角度約 90° 

最後の約 370m の

道路は舗装が

されていない

幅員約 5m 
やや緩やかなカーブ

③勾配-7.2%

幅員約 8m 
やや急なカーブ

Matola Gare 
変電所 
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