
APPENDIX D-5 

Laboratory Tests

  



D-5 Laboratory Tests 

1 Aggregate Tests for Dirout Construction 

The aggregate tests for the New Dirout Group of Regulators are as follows: 

(1) Preliminary test by CRI (Construction Research Institute)  

(2) Preliminary test by Cairo University  

(3) Aggregate tests by CRI (Construction Research Institute) 

(4) Additional tests by HBRC (Housing and Building National Research Center) 

(5) Second tests by HBRC (Housing and Building National Research Center) 

(6) Second test by Cairo University 

The quarry sites for the test samples are three, Assuit, Dirout and Minia and coarse and fine 

aggregates are collected as the samples. The laboratory which performs the aggregate tests was 

CRI at first but CRI could not perform Alkali-silica reactivity test and the results of chlorides 

test are all higher more than the standard value. Then the laboratory was changed to HBRC and 

Cairo University. 

The second test by HBRC and Cairo University finished on March 2017. 

1-1 Quarry Site 

The Quarry sites of sampling for laboratory tests are three locations, Dirout, Minia and Assuit. 

(1) Minia Quarry Site 

The constructions of the Minya stadium use coarse aggregate and fine aggregate. The coarse 
aggregates are brought from the Dirout quarry site and the fine aggregate are brought from the 
Minya quarry site. The location of the Minya quarry site is the north area of Minya city and 100 
km from Dirout construction site as shown at Figure 1-4. 

Figure 1-1 Minya Quarry Site 



Figure 1-2 Location Map of Minia and Dirout Quarry Sites

(2) Dirout Quarry Site 

The Dirout quarry site is located at Dashlut and the distance from the New Dirout Group of 
Regulators is approximately 30 km. This quarry site is managed by a private company and 
has the sand and gravel in alternate layer. The company excavates directly at the exposed 
sand and gravel layer and screen the excavated materials by machine, then it can provide the 
aggregate and sand for concrete materials  

Figure 1-3 Quarry Site and Aggregate 

Dirout Borrow Site



Figure 1-4 Sand and Screening Machine 

Figure 1-5 Sand and Gravel Layer 

Figure 1-6 Location Map of Dirout Quarry Site 



(3) Assuit Quarry Site 

There are two quarry sites of the aggregates, the quarry site No.1 is located 28 km East from the 
Assuit Barrage site (is located 85 km from Dirout Regulators site) and the quarry site No.2 is 
located 20 km South from the Assuit Barrage site (is located 85 km from Dirout Regulators site, 
too). 

The coarse aggregates are used from the quarry site No.1 and the fine aggregates are used the 
combined materials which mixed the fine aggregates of the quarry site No.1with the quarry site 
No.2. 

Figure 1-7 Quarry Site No.1, No.2 

Figure 1-8 Location Map of Dirout and Assuit Quarry Sites 

1-2 Preliminary Test by CRI (April 2016) 

Collected 3test samplings at Borrow site 1 of Dirout 

Specific gravity Fine aggregate 2.52 

 Coarse aggregate 2.76, 2.51 

Bulk density  Fine aggregate1.63 

(t/m3) Coarse aggreggate1.57, 1.57 

Dirout Quarry Site

Assuit Quarry Site No.1 Assuit Quarry Site No.2

Dirout Borrow Site



Absorption  Fine aggregate 2.28 

(%) Coarse aggregate 0.78, 0.69 

1-3 Preliminary Test by Cairo University (April 2016) 

Specific gravity Fine aggregate 2.577 

 Coarse aggregate 2.556, 2.507 

Bulk density Fine aggregate 1.538 

(loose,t/m3) Coarse aggregate 1.530, 1.587 

Bulk density Fine aggregate 1.685 

(dense, t/m3) Coarse aggregate 1.667, 1.747 

Absorption Fine aggregate 0.442 

 Coarse aggregate 0.167, 0.235 

Salt content 0.039 < 0.06 Cl- Chlorides 

0.007 <0.4 SO3 Sulfates 

Figure 3-1 Grain Size Distribution of Preliminary Tests 

1-4 Aggregate Test by CRI (October 2016) 

We, the Consultants collected the samplings at Assuit and Dirout borrow site. 

The test results are as follows. We asked CRI to perform the tests including both salt content test 

and alkali-silica activity test but CRI did not perform them. Then we asked to perform both tests 

again and we obtained the results of the salt contain tests which are all large values so much. We 

request the additional one salt contain test and the result is also large values. 



Table 4-1 Test Results by CRI    : good, : ?, : no good 

Location No. Aggregate Bulk  
density
(g/cm3)

Specific 
gravity 

Absorption 
(%) 

Abrasion 
(%) 

Water 
content
(%) 

Cl-

(%) 
Standard 
value 

Assuit 1 Coarse 1.57 2.50 1.03 18.0 0.4 0.26 >0.04   

2 Coarse 1.66 2.57 0.98 17.76 1.0 0.217 >0.04   

3 Mixed 1.62 2.60 0.83 16.80 0.4 0.35 >0.06   

4 Fine 1.47 2.66 0.4  0.3 0.409 >0.06   

5 Fine 1.61 2.30 2.04   0.075 >0.06   

6 Mixed      0.639 >0.06   

Dirout 7 Coarse 1.54 2.43 0.01 24.00 0.13 0.062 >0.04   

8 Coarse 1.58 2.46 0.18 1920 0.0 0.106 >0.04   

9 Mixed 1.55 2.52 0.16 13.6 0.8 0.071 >0.06   

10 Fine 1.61 2.52 1.83   0.213 >0.06   

Chlorides value (Cl-) of No.4 sample was 2.84 % at first and the additional test result was 0.409. The other test 

values would also be reduced, if the additional tests were performed. 

Figure 4-1 Grain Size Distribution of Aggregate Test by CRI 

1-5 HBRC Test (Housing & Building National Research Center) (December 2016) 

According to the aggregate tests by CRI, we judged that salt content test and alkali-silica 

activity test were unreliable and we asked the additional aggregate test to perform by HBRC. 

We used the two samples which were remained in CRI laboratory after all test finished and were 

from Assuit borrow site. The test results of the salt contain were less than standard values and 

the alkali-silica activity tests were larger than standard values a little. 

The test results are as follow's table: 



Table 5-1 Test Results by HBRC 

Location No. Aggregate Cl  

(%) 
Standard 
Value 
(%) 

SO3

 (%) 
Standard 
Value 
(%) 

Alkali-silica  
activity test
(%) 

Standard 
Value 
(%) 

Assuit 1 Coarse 0.018 <0.04 0.047 <0.4 0.249 >0.1 
2 Coarse 0.035 <0.04 0.139 <0.4 0.110 >0.1 

1-6 Second Aggregate Test by HBRC and Cairo University (March 2017) 

We asked HBRC and Cairo University to perform the aggregate tests of Assuit, Dirout and 

Minia borrow sites. 

Figure 6-1 Grain Size Distribution of Second Aggregate Test 

Table 6-1 Test Results of Second Aggregate Tests 

Location Aggregate Absorption
( ) 

Cl 

(%) 
Standard 
value 
(%) 

SO3

(%) 
Standard 
value 
(%) 

Alkali-silica  
activity test 
(%) 

Laboratory 

Assuit Coarse 1.0 0.020 <0.04 0.009 <0.4  0.341>0.1 HBRC 

 Fine  0.054 <0.06 0.173 <0.4  HBRC 

 Fine  0.058 <0.06 0.014 <0.4  Cairo Univ. 

Dirout Coarse 0.16 0.006 <0.04 0.007 <0.4  0.076<0.1  HBRC 
 Fine  0.099 >0.06 0.036 <0.4 HBRC 
Minia Coarse 0.16 0.026 <0.04 0.011 <0.4  0.098<0.1  HBRC 

 Fine  0.019 <0.06 0.079 <0.4 HBRC 

 Fine  0.049 <0.06 0.006 <0.4  Cairo Univ. 

: good, : ?, : no good 



1-7 Conclusion 

We conclude the test results from the Assuit, Dirout and Minia borrow sites as follows: 

a) All of three borrow sites are located at west side of Nile river and the borrow sites exist in 

sand area. 

b) The layers at the borrow sites consist from the deposits by Nile river and have sand and 

gravel in alternate layer. Assuit area has two borrow sites, one is for coarse aggregate and 

the other is for fine aggregate. Minia area has one borrow site for fine aggregate and coarse 

aggregate is brought from Dirout borrow site. 

c) The quarry company of each borrow site excavates and selects aggregate by machine. 

d) The grain size distributions of sand and gravel at tree borrow sites are not different from 

each other and the values of chlorides are different from each other, because the location of 

limestone under sand and gravel layer. 

The following materials can be used for construction by the test results. At Dirout borrow 

site, the coarse aggregate can be used but fine aggregate cannot be used because the value 

of chlorides is large a little and rust inhibitor equipment needs, if fine aggregate use. At 

Assuit borrow site, fine aggregate can be used and coarse aggregate cannot be used. At 

Minia borrow site, both coarse and fine aggregates can be used and coarse aggregate is 

brought from Dirout. 

Table 7-1 Aggregate at Borrow Sites 

Location Aggregate Chlorides Alkali-silica  
activity test 

Remark 

Assuit Coarse   disable 

 Fine enable 

Dirout Coarse enable 

 Fine  Enable with rust inhibitor 
Minia Coarse enable 

 Fine enable 

: good, : ?, : no good 

1-8 Test Data   

1. Preliminary test by CRI                                                                       9 

2. Preliminary test by Cairo University                                                        17 

3. Aggregate test by CRI                                                                         24 

4. Additional test by HBRC                                                                     47 

5. Second test by HBRC                                                                         60 

6. Second test by Cairo University                                                             87 

7.





































































































































































2 Embankment Material Tests 

The embankment material tests performed by CRI (Construction Research Institute) and the test 

samples of the embankment materials collected at the borrow site. The two times of the 

laboratory tests were performed as follows: 

1. Preliminary test by CRI (April 2016) 

2. Geotechnical study by CRI (October 2016) 

2-1 Borrow Site 

The borrow site is located near the junction of the desert road. The backfill material can be 

provided from the site. The distance from the NDGR is approximately 19km. The road is wide 

enough for a dump track to pass through. The geological conditions are the same as those in the 

quarry site, and have sand and gravel in alternate layers. 

Figure 1-1 Locations of borrow site around Dirout 

Figure 1-2 Borrow Site 



2-2 Preliminary test by CRI 

Test Samples 

The tests of the borrow site at Dirout are as follows: 

Table 2-1 List of Soil Test 

Soil Laboratory test Sand 2-1 Sand 2-2 Total 

1. Test for specific gravity of soils 1 1 2 

2. Test for grain size analysis of soils 1 1 2 

Test Results of Borrow Site 

The test results of the specific gravity are as following table: 

Table 2-2 Specific Gravity of Sand 

No. Specific Gravity 

2-1 2.64>2.5 

2-2 2.66>2.5 

The grain size curves of the borrow site are as follows: 

Figure 2-1 Grain Size Curves of Borrow Site 

2-3 Geotechnical study by CRI 

The three test samples collected at the borrow site and the laboratory tests are as follows: 

Table 3-1 Required Laboratory Tests 

No. Soil Laboratory Test Sample 1 Sample 2 Sample 3 
1 Physical properties    
1-1 Soil density test 2 2 2 
1-2 Water contents test 2 2 2 
1-3 Atterberg limits test Non available 
2 Mechanical properties    



2-1  Compaction test 1 1 1 
2-2  Permeability test 2 2 2 
2-3  Consolidation test Non available 
2-4 Direst shear test 2 2 2 
2-5  Tri-axial compaction test (UU) Non available without back data 
2-6  Tri-axial compaction test (CU) Non available 
2-7  Tri-axial compaction test (CD) Non available 

2-4 Test results 

The soil test results are as follow's table. 

Table 4-1 Results of Soil Laboratory Tests 

No. Soil 
classification 

Water 
Content 
(%) 

Density 
(g/cm3) 

Compaction test 

Max dry density 
(g/cm3) 

Optimum moisture  
Content (%) 

1-A Sand and Gravel 
4.56 1.82 1.97 8.51 

1-B Sand and Gravel 
2-A Sand and Gravel 

0.41 1.78 2.03 9.43 
2-B Sand and Gravel 
3-A Sand and Gravel 

0.5 1.81 2.01 10.0 
3-B Sand and Gravel 

*Compaction test values of sample 3 are revised from laboratory test results. 

No. Soil 
classification 

Max dry 
density 
(g/cm3) 

emax
Specific 
gravity 

Permeability 
, (m/sec) 

Direct shear test
Friction angle 

(deg.) 

1-A Sand and Gravel 
1.97 0.35 2.66 6.83 10-5 38.3 

1-B Sand and Gravel 36.0 
2-A Sand and Gravel 

2.03 0.33 2.70 4.02 10-5 41.0 
2-B Sand and Gravel 38.2 
3-A Sand and Gravel 

2.03 0.33 2.64 3.95 10-5 38.1 
3-B Sand and Gravel 40.8 

Figure 4-1 Grain size Distribution 



Figure 4-2 Compaction Test 









1. Introduction

Required Laboratory Tests



3. Laboratory Tests

3.1 Soil Classifications (ASTM D 2487 & ASTM D 2488)

Sample No. Sand % Gravel % Silt % Description

1-A

1-B

2-A

2-B

3-A

3-B

3.2 Grain size Analysis (ASTM D 422)

3.3 Water content (ASTM D 2216)



3.4 Direct shear Test (ASTM D 3080)



3.5 Compaction Test (ASTM D 1557)

So, we can calculate (Gs) as follow using next equation. 

3.6 Permeability Test (ASTM D 2434)



m/sec.

3.7 Tri-axial Compression Test
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Appendix 1

Laboratory Tests Results















Project: Test Type

Borrow Test Nam

Specimens: Date:

Water Content Test Calculations

Lab. Director Dr. Eng. Mohie Elmashad



Project: Test Type:

Borrow Test Name:

Specimens: Date:

Lab. Director Dr. Eng. Mohie Elmashad



Project: Test Type:

Borrow Test Name:

Specimens: Date:

Lab. Director Dr. Eng. Mohie Elmashad



Project: Test Type:

Borrow Test Name:

Specimens: Date:

Lab. Director Dr. Eng. Mohie Elmashad















Project: Test Type:

Borrow Test Name:

Specimens: Date:

Permeability Test (1)

r pipe = R = weight of dry so il =

a = L=

A = h0 =

Reading (cm) Time(min.) t (min.) h (cm) h0/h1 ,(cm/min) ,(m/sec .) ,(m/day)

k = 6.83E-05 m/sec.

k = 5.901 m/day

Lab. Director Dr. Eng. Mohie Elmashad



Project: Test Type:

Borrow Test Name:

Specimens: Date:

Permeability Test (2)

r = R mold = weight of dry so il =

a = L mold=

A = h0 =

Reading (cm) Time(min.) t (min.) h (cm) h0/h1 ,(cm/min) ,(m/sec .) ,(m/day)

k = 4.02E-05 m/sec.
k= 3.472 m/day

Lab. Director Dr. Eng. Mohie Elmashad



Project: Test Type:

Borrow Test Name:

Specimens: Date:

Permeability Test (3)

r = R mold = weight of dry soil =

a = L mold=

A = h0 =

Reading (cm) Time(min.) t (min.) h (cm) h0/h1 ,(cm/min) ,(m/sec .) ,(m/day)

k = 3.95E-05 m/sec.
k= 3.409 m/day

Lab. Director Dr. Eng. Mohie Elmashad
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