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Soundness Test Results

Project : New Nile River Bridge, S-Sudan
Location : Fattouch Crushing Plant Testing Date : 21/03/2011
Tested by : MAA ASSHTO Classification :

Sodium sulphate Solution |:|

Testing Method

Magnesium sulphate Solution

TESTING DATA
Percentage
Grading of Weight of Weight of Passing Weighted
Sieve Size Original Fractions Fractions Designated | Percentage
Sample No. | Type of Sample Sample Before Test | After Test | Sieve After Loss
Test
Passing Retained (%) gm. gm. (%) (%)
212" 112"
112" 314" 60.1 1509.00 1509.0 0.0 0.0
AGGT Coarse 304" 38" 39.9 1000.85 989.0 1.2 05
Aggregate
/8" No.4
Total 100 2509.85 249803 0.47
Remarks :
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1. Past Earthquake Records in Juba

The available data on past earthquake occurrences in Juba and the surrounding areas is very limited with
7-1 and 7-2. It is seen in the records of
7-1 and 7-2 that earthquake epicenters occur in the northern and eastern of Juba near the Nile River.
Earthquakes of magnitudes of more than 7.0 are experienced at least twice in the year 1990 at a distance of
about 60kms from Juba. Moreover, closer earthquake events occurred at just 16kms and 25kms from Juba,

some incident records presented in

7-1 and shown in

although the magnitudes are just over 5.0.

In this regard, although with a very limited data available, it is necessary to consider the seismic excitation
effects in the design of structures in Juba and its surrounding areas, including the proposed Nile River

Bridge.

7-1
. Distance from
No. Magnitude Date Ozér;?e%fce Hypgjfr:?e?zkm) St‘?ugaA O
(km)
1 51 15-Oct-1982 8:37:00 AM 10.0 25
2 5.0 02-Mar-1992 8:30:00 PM 10.0 41
3 7.2 20-May-1990 2:22:00 AM 14.9 67
4 54 29-Mar-1991 9:06:00 AM 10.0 125
5 6.5 24-May-1990 7:34:00 PM 16.5 54
6 7.1 24-May-1990 8:00:00 PM 16.0 63
7 55 24-May-1990 10:16:00 PM 10.0 71
8 5.3 25-May-1990 12:42:00 AM 10.0 69
9 5.0 26-May-1990 2:22:00 PM 10.0 37
10 5.0 27-May-1990 7:29:00 AM 10.0 16
11 5.1 03-Jun-1990 4:23:00 PM 10.0 87
12 5.2 20-Jun-1990 6:47:00 PM 15.6 64
13 6.6 09-Jul-1990 3:11:00 PM 12.6 61
14 53 28-Jul-1990 4:46:00 PM 10.0 118
15 5.2 10-Jan-1991 7:06:00 AM 114 38
16 52 07-Sep-1990 12:12:00 AM 10.0 66
17 5.0 03-Oct-1992 4:22:00 PM 330 57
18 5.0 11-Dec-1990 5:09:00 AM 10.0 127

*Seismic data are based on the United States Geological Survey (USGS).

**Refer to Figure 1-1 for the locations of the events.
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*Refer to Table 1-1 for the details of the events.
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2. Horizontal Peak Ground Acceleration

The design earthquake ground motion at the bridge site is determined in consideration of the information on
earthquake histories around the bridge site, geological structures, geotechnical conditions, active faults,
earthquakes occurring in the plate-boundaries near the site and existing strong motion earthquake records.

The corresponding peak ground acceleration in Juba from the different earthquake events can be calculated
using the attenuation equation recommendations of the Specifications for Highway Bridge - Part V Seismic

Design, Japan Road Association (JRA), as shown in 7-2.

The three types of earthquake attenuation equations given in the JRA are as follows:

7-2 gal

Type Peak Ground Acceleration Ground Condition

Type | Hiax = 987.4 x 10°2M x (- + 30)*28 - includes good diluvial ground and rock
v 0.313M 1218 - denotes diluvial and alluvial ground other than

Type Il max = 232.5x 10 x( +30) Types | and Il
Type Il Hiax = 403.8 x 10°%M x (- + 30) 128 - includes soft ground of alluvial ground

where: o : peak ground acceleration (gal)

M . earthquake magnitude

distance from epicenter (km)

Considering earthquakes of Magnitudes M = 6, 7 and 8, the peak ground accelerations as function of
earthquake distance from the epicenter is plotted in 7-3.

—o—Type ll

Peak Ground Acceleration (gal)
=
o
o
o

—— Type lll

10.0 ‘ —— ‘ —
10 100 1000

Distance from Epicenter (km)

7-3 gal
The peak ground accelerations generated by the earthquakes given in 7-1 is calculated based on the
equations in 7-2 for the three soil type conditions and plotted in 7-4. The ground conditions in

Juba can be taken as Type I and Type Il conditions with shallow rock formations. In this regard, the peak
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ground accelerations are calculated as 0.162g and 0.138g for soil Types Il and | respectively.

Generated Peak Ground Accelerations from Earthquake
Events Near Juba
180 — I
A

5 160 o V= A=0.138g o Type |l
2 ~A=10.127¢g (M=7.1,
- 140 g (M27.2 s ATypelll
S .
= 120
D 100 {4
5 N
< 804 = -
2 R L
=} 60 i
(% a l. " mgat
S 40+ %esa -
© e [ ] l-
£ 20 s

0 T T T

0 20 40 60 80 100 120 140
Distance from Earthquake Epicenter (km)

g = gravitational acceleration (980.6 cm/sec?)
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3. Design Peak Ground Acceleration

At present, there is no established map for the design peak ground acceleration in Southern Sudan to be
used in determining the appropriate response spectrum for earthquake effects. However, the limited
available data on earthquake occurrences for the past 30years indicates that the peak ground acceleration in
Juba approaches values of 160gals (0.162g) for Type Il soil and 140gals (0.138g) for Type I soil.

AASHTO 3.10 stipulates that “ bridges shall be designed to have a low probability of collapse but may
suffer significant damage and disruption to service when subject to earthquake ground motions that have
seven percent probability of exceedance in 75 yrs”.

On the other hand, assuming a moderate earthquake with high probability of occurrence, JRA recommends
the value of the standard response spectra (So) to be 200 gals (0.1=T =1.1) for Type | and 250 gals
(0.2=T =1.3) for Type Il under Level 1 seismic performance (bridge level keeping its sound functions
during and earthquake).

In this regard, it is recommended that the value of 0.20g be used for the design peak ground acceleration,
which is about 25% higher than the recorded ground accelerations in Juba.
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Average annual precipitation

Precipitation in mm
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Mail River Cross Section
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Longitudinal View of Water Level
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JUBA

2007 0.5 2008 2009 1.0
12 5km
1/3900
2011 2 455.65El.m
EL.m
JUBA
EL.m EL.m
Max Min Average Max Min Average
2007 4 454.15 454.07 454.096 2008 10 455.47 454.72 454.788
2007 5 454.47 454.07 454.072 2008 11 455.87 454.7 455.433
2007 6 454.88 454.07 454.185 2008 12 454.67 454.4 454.614
2007 7 454.88 454.16 454.278 2009 1 454.4 454.3 454.37
2007 8 455.23 454.34 454.466 2009 2 45431 454.23 454.303
2007 9 455.97 454.92 455.239 2009 3 454.22 454.14 454.205
2007 10 455.25 454.67 455.126 2009 4 454.43 45413 454,138
2007 11 454.75 45461 454.687 2009 5 454.69 454.07 454.086
2007 12 454.63 454.49 454.596 2009 6 454.24 454.07 454.07
2008 1 454.47 454.43 454.461 2009 7 454.09 453.98 454.03
2008 2 454.43 454.36 454.417 2009 8 454.39 454.07 454.097
2008 3 454.47 454.33 454.382 2009 9 45417 454.07 454.086
2008 4 454.43 45433 454.367 2009 10 454.45 454.14 454.275
2008 5 454.41 454.27 454.356 2009 11 45417 454.07 454.145
2008 6 45457 454.33 454.399 2009 12 454.07 454.03 454.063
2008 7 45453 454.29 454.313 2010 1 454.03 453.96 454.018
2008 8 455.07 4545 454.588 2010 2 453.99 453.96 453.986
2008 9 455.17 454,71 454.857
Fig Monthly Record of Water Lewel
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45610 Bonthly Min
4555 -Monthly Averags
E 450 i ' |
L Pt JO
— I
m . I l I Pt ! Ty v e™ |> I l
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n% 1 B ko ks LA g =
L L el S et
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Juba Bridge

Juba Bridge 2011.02.26

2011  2/26 3/6

JubaBridge 2011.03.06

Juba Bridge 42 x6
2011 2 0.03
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(n) 0.03
252
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im
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H-Q H-Q
(i) | 1/3900 (n) 0.030 (i) | 1/3900 (n) 0.030
H-Q
DL(m) (m?) (m/s) | (m¥/s) DL(m) (m?) (m/s) | (m%s)
451.1 0 0.000 0.0 0.000 0 451.1 0 0.000 0.0 0.000 0
4515 24 0.241 99.3 0.207 5 4515 23 0.243 94.8 0.208 5
452.0 93 0.555 166.9 0.361 33 452.0 89 0.552 160.9 0.359 32
4525 204 0.834 2446 0.473 97 4525 197 0.827 238.6 0.470 93
453.0 331 1.249 265.2 0.619 205 453.0 322 1.240 259.2 0.616 198
4535 469 1.650 284.1 0.745 350 4535 456 1.640 278.1 0.742 339
454.0 615 2.050 299.7 0.861 530 4540 599 2038 2937 0.858 514
4545 771 2.388 3224 0.954 735 4545 752 2374 316.4 0.950 714
4550 934 2.824 3304 1.066 996 455.0 913 2.809 324.4 1.063 970
4555 1,100 3.294 3334 1.182 1,300 4555 1,076 3.278 3274 1.178 1,267
456.0 1,296 3.335 507.4 1.192 1544 456.0 1265 3.327 4882 1.190 1,505
456.5 1,558 3.377 526.7 1201 1,872 456.5 1,520 3.376 512.7 1.201 1,826
457.0 1,823 3419 5321 1211 2,208 457.0 1,777 3.424 518.1 1213 2,155
4575 2,090 3.881 5375 1318 2,755 457.5 2,038 3.885 523.5 1.319 2,688
458.0 2,360 4338 5429 1.420 3351 458.0 2,301 4341 528.9 1.420 3,268
4585 2,633 4791 548.2 1517 3,994 4585 2,567 4793 534.2 1517 3,895
459.0 2,908 5.240 553.6 1.610 4,684 459.0 2,835 5.241 539.6 1.611 4566
459.2 2,996 5.382 555.3 1.639 4912 459.2 2,921 5.382 541.3 1.639 4,789
459.5 3,186 5.705 557.0 1.704 5430 4595 3,106 5.705 543.0 1.704 5293
460.0 3465 6.177 559.5 1.797 6,227 460.0 3,378 6.176 5455 1.797 6,070
460.5 3,745 6.670 560.0 1891 7,084 460.5 3,651 6.669 546.0 1.891 6,905
461.0 4,025 7.169 560.0 1.985 7,989 461.0 3,924 7.167 546.0 1.984 7,787
4615 4,305 7.668 560.0 2.076 8,936 4615 4,197 7.666 546.0 2,075 8,710
462.0 4,585 8.166 560.0 2.165 9,925 462.0 4,470 8.165 546.0 2.164 9,675
4625 4,865 8.665 560.0 2252 | 10,956 4625 4,743 8.663 546.0 2252 | 10,680
463.0 5,145 9.164 | 5600 2338 | 12,027 463.0 5,016 9.162 546.0 2337 | 11,724
4635 | 5425 | 9662 | 5600 | 2422 | 13138 4635 | 5289 | 9661 | 5460 | 2421 | 123806
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Juba_International Airport Juba_International Airport
Date Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec Date Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1 475 15 1 0.1 0.1 7.0 1.0
2 0.1 3.0 0.1 0.1 2 128 | 01 01 | 175
3 0.1 220 10 3 35 0.1 95 25 4.0 220
4 6.5 [ 21.0 | 25.0 10 4 0.1 1.0 1.0 0.1
5 0.1 0.1 01 [245( 75 4.0 5 0.1 39.0 200 | 470 | 15
6 15 250 | 15 11.0 6 6.5 0.1 0.1
7 15 6.0 55 7 22.0 | 230 16.5
8 20 | 955 15 | 30 8 5.2 10 | 01
9 450 | 01 [ 25 | 01 9.0 | 60 | 65 9 50 | 01 25 | 45 435
10 05 | 01 | 65 [265]10.0 (150 | 10 6.5 10 18 | 57 205 01 | 95 205
11 0.1 75 3.0 45 11 105 603 ]| 0.1 | 180
12 10 | 500 01 | 210 | 26 10 15 12 183 14.0
13 0.1 10 2.7 0.1 15 | 150 | 20 13 735 [ 135 55 | 115 55 0.1
14 0.1 0.1 6.5 05 15 14 4.0 [ 20.0 0.1 8.0
15 0.1 0.1 55 0.1 0.1 6.0 0.1 15 0.1 15 0.1 10 75 35
16 0.1 10 0.1 0.1 4.0 1.0 6.0 16 01 [ 180 675 | 0.1 0.1
17 180 | 35 | 208 41.0 35 17 0.1 49.3 20 [ 01 10 | 130
18 01 | 01 7.0 10 [ 01 | 01 18 0.1 6.5 270
19 0.8 16 45 25 19 15 6.5 10 | 105
20 0.1 180 10 2.0 20 0.1 0.1
21 1.0 10 10 3.0 80 [125] 10 21 4.0 0.1 55 6.5
22 25 0.1 17.6 0.1 [ 54.0 | 230 22 15 27.0 8.0 25
23 0.1 21.0 | 135 10.0 85 8.5 23 0.1 0.1 0.1 85
24 0.1 | 170 9.5 20 0.1 24 0.1
25 11.0 7.0 0.1 15 25 0.1 45 105 | 01 1.0
26 0.1 0.1 45 4.0 26 1.0 70 | 01
27 10 15 0.1 0.1 6.5 27 0.1 0.1 0.1 10
28 0.5 238 100 | 65 | 30 28 35 10 | 38 95 [ 50
29 - 20 130 10 29 0.1 115] 01 | 135 -
30 - 475 - 1.0 6.5 0.1 30 - 01 [142 | 45 35 0.1 - -
31 - 01 - 0.1 - - - - 31 - - - 01 - - 3.5 - -
0.2 6.0 [130.1] 895 |188.7| 82.6 | 60.8 | 265.3[144.6| 70.7 | 355 [ 216 0.0 11 | 125 |117.9(180.2|130.3|194.3[127.0{128.1| 74.8 | 56.6 | 0.3
0.1 25 [500 | 475|475 | 265 | 210 | 955 | 54.0 | 230 | 65 [ 110 0.0 10 50 [735]493 | 39.0| 675|435 ] 470 {270 | 220 | 01
0.1 0.7 8.1 47 [105 ] 59 51 (140103 ] 51 3.6 4.3 0.0 0.6 11 91 [113]100]139| 58 9.2 6.8 8.1 0.1
29 19 15 11 13 15 18 12 16 16 21 26 31 27 19 17 15 17 16 9 15 17 24 28
2 9 16 19 18 15 13 19 14 15 9 5 0 2 12 13 16 13 15 22 15 14 6 3
No Rainfall No Rainfall
0.1 Trace 01 Trace
0 No Record In That Day 0 No Record In_That Day
Juba Intemational Aot 2009 Juba_International Airport
Dite Ton | Fob | W ?J -ty ;}:g L Aug | Sep | et | Hov | Dec Date Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2 01 | 105 | 70 | 01 1 01 130
3 15 90 270 | 25 10 2 0.1 30 | 20 5.0 15
4 85 01 100 | 80 3 180 15 1.0 2.0
5 115 25 | 450 | 15 0.1 4 0.1 1.0 10 [ 175] 10 55
6 15 205 120 | 3.0 5 120 ] 90 | 01 5.0
7 00 15 50 | 455 425 6 01 | 40 10 | 55
8 00 0.1 0.1 6.0 35 30 7 9.5 85 [ 210 15 | 125
9 00 35 | 55 1.0 35 8 15 | 30 15
10 00 10 | o1 9 01 | 15 | 196 415
11 10 185 | 225 10 01 [ 01|50 01 25 1.0
12 00 | 45 | 01 10 570 15 11 7.2 | 160 345 440
13 |10 00 | 235 145 | 10 [ 170 405 12 3501 01 65 20 | 10
14| 25 00 | 20 | 140 20 30 [ 15 13 0.1 1051 01
15 01 00 | 01 70 01 14 15 01 0.1 40
16 00 | 25 620 | 190 | 35 15 220 [ 120 | 18 270 | 01 250 | 30
17 00 10 20 01 16 25 | 245 10 40
18 | o1 00 420 75 | 01 17 70
19 6.0 00 | 135 | o1 198 18 5.0 38.0 135 | 10 01
20 00 | 01 | o1 | 10 75 19 15 [ 01| 25 40 | 50
21 00 | 340 10 20 30 145 | 255 01
2 00 | 35 | o1 01 570 21 01 15 | 25 [ 11 | 60 15 | 50 60 | 0.1
23 00 30 50 | 25 170 22 85 | 01 01 | 20 1345 {05
24 00 [ 15| - 7.0 23 01 0.1
25 00 15 155 24 01| 0101 01 | 180100 [ 250 | 10 | 45
26 01 | 00 10 | 15 | 20 1.0 25 1300 01 01110 | 10 70 | 01
27 00 60 26 01 01 20 | 55 | 70
28 - 15 295 2 10 | 40 65
29 01 | 25 | 01 |200]| 55 | 110 40 28 220 672 2.1 1301 70 { 25
30 o3 B 01 | 45 | - 29 [190| - [01] 10|15 105 | 40
31 - - -1 - - 40 |01 {01 | - 30 5] - f - 15025
97 | 02 [118]89.0[1175] 68.0 [107.8]1095[267.3168.7] 580 | 0.1 3L S . B = = =
50 1 01 1 93 | 340 [ 420 | 245 | 620 | 198 | 570 [ 570 | 425 | 01 608 | 359 | 14.8 [278.1] 589 | 39.8 [1037[140.1]136.8] 65.1 | 6256 | 122
297 01 | 05 | 56 | 73 | 76 | 98 | 55 | 167 | 121 | 116 | 01 300 [ 220 ] 85 [67.2 [ 255|135 (345|415 440175250 55
2 | 27 | 8 | 12 | 12 | 20 | 20 | 12 | 15 [ 16 | 25 | 30 87 | 40 [ 12 [146] 65|33 [ 80 [108] 76 [ 65|57 [ 17
s T 1 | 23 [ 16 10 9 | 121 2015 155 | 1 24 [ 10 [a7 [ 11 [ 22 18 [ a8 [ 18 [ 12 [ 21 [ 10 [ 24
7 9 14 19 9 12 13 13 19 10 11 7
No Rainfall -
01 Trace No Rainfall
0.1 Trace

0 No Record In That Day
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