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Ground Condition in Jeddah and its Influence on
Selection and Design of Foundation

ISMAIL MOHAMMED ABU HAJAR and DELWAR HOSSAIN
Faculty of Earth Sciences, King Abdulaziz University
Jeddah, Saudi Arabia

ABSTRACT. A general assessment is madc of the sub-soil and groundwater
conditions in the 12 km long central part of Jeddah and of their infiuence on
the selection and design of foundations. This is based on a review of 44 site
investigation reports, testing of soil samples from 35 locations and water
samples from 12 locations and design calculations madc by the authors. The
soil and rock units identified within a maximum depth of 60 mare: (i) light
brown silty gravelly sand. (ii) white loose uniformly graded sand, (iii)
greyish brown loose to densc clayey silty sand, (iv) white loose to dense
coralline silty sand, (v) fill matcrial. (vi) white coralline conglomerate
(rock) and (vit) light brown massive coralline limestone (rock).

The studied arca has been divided into four main zones nearly parallel to
the coast and with soil units (i), (ii). (iii) and (v) at the surface. In Zone 1,
footings are found to be adequate for buildings upto 6 stories high and rafts
for taller buildings. In the other zones, deep toundations are more often
necessary and bored piles are more commonly used. Protective measurces
against sulphate attack on foundation concrete and against corrosion of
steel by chloride is found necessary.

Introduction

Jeddah, the largest city of the Kingdom of Saudi Arabia stands on the eastern shore
of the Red Sca. In the recent past, Jeddah has been growing tast both vertically and
horizontally to provide housing, business and other facilities to the ever increasing
population which is projected to reach 1.5 million in 1990 (Ministry of Agriculture
and Water, 1984).

Figure 1 shows the urban growth in Jeddah between 1971 and 1983 during which
the city expanded by more than S times it’s area in 1971. This expanded city with its
tall buildings like the 26-storied National Commercial Bank building (tallest in Jed-
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Fi1G. 1. Urban growth in Jeddah during 1971-1983. (modified after Sert-Jackson Int. 1979).

dah), large mosques, elevated water towers, overpasses etc., is built on the area av-
ailable on the existing land as well as on those reclaimed from the shallow coastal re-
gion. Being restricted on the east by the hills and on the west by the Red Sea, Jeddah
has been extending along the north-south axis and has already reached Obhor, about
35 km north of Jeddah (city centre). The buildings and other structures in Jeddah are
supported by shallow foundations like footings and rafts as well as deep foundations
like piles and diaphragm walls. The aim of the present paper is to present an up-to-
date pricture of the ground conditions in Jeddah and its influence on the selection
and design of foundation in this city.

Basis of the Present Study

The present study is based on a review of earlier works (e.g. Laurent et af. 1973,
Morris 1975) as well as a study of 44 site investigation reports, listed in Table A.1in
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Appendix and testing of soil samples from 55 excavation sites and water samples
from 12 locations and design calculations made by the authors, as described in detail

by Abu-Hajar (1985). Fig. 2 shows the locations of these projects and sampling
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points, They are located within an area, about 12 km long (north-south) and 10 km
wide extending from Qurayat and Al-Thulba areas at the south to Al-Faisalia and Al-
Rawda at the north. Fifty percent of the projects had the maximum bore hole depths
greater than 20 m and some had upto 60 m.

Geological Setting

Jeddah is built on the Red Sea coastal plain, known as Tihama. The latitude and
longitude of the city centre are about 21° 29'N and 39° [ 1I’E respectively. Tihama is
backed by a prominent escarpment on the east. According to Skipwith (1973), the es-
carpment marks the uplift of the margin of the Arabian Shicld. Morris (1975) divided
Jeddah into two parts, of which, the western part is chiefly a depositional plain with
materials such as coral, silt, clay and sand and accumulations of coral and shell frag-
ments. The eastern part is covered by poorly sorted silt, sand and gravels derived
from the crystalline rocks by mechanical weathering and redistributed as sheets of
sediments during the periods of flooding.

The elevation of ground surface in the western part of Jeddah is around 0.5-3 m
above mean sea level while it increases to 12-15 min the eastern parts. Laurent ez al.
(1973) showed the route of four wadis — Wadi Ashir, Wadi Qwaz, Wadi Mashwab
and Wadi Bani malik — all running across Jeddah. But now they have been covered by
the city building process and cannot be identified. Wadi Fatima is a major wadi flow-
ing south of Jeddah, All these must have influenced the deposition of continental
sediments in the area as well the growth of coral, its disintegration and subsequent re-
deposition.

Soil and Rock Types

Nature of the units

On a map of the 6 km long (north-south) central part of Jeddah, Laurent et a/.
(1973) showed 3 natural soil units, one fill unit, one rock unit and one soil-rock unit.
This map was based on the data of the top 6 m of sub-soil. Al-Qahtani (1979) col-
lected data for an average depth of 20 m from a number of locations within the area
studied by Laurent er al. (1973) and a little additional area on the south and north.
The present study includes geotechnical data for depths upto 60 m and covers not
only the area of the above investigators but also that within an additional distance of
about 5 km on the north and about I km on the south. Compilation of the data of the
previous studies with those of the present shows 4 natural soil units, one fill unit and
two rock units which arc listed in Table 1 with the environment of their deposition,
their important geotechnical characteristics and their classification as per ASTM
(1975).

Figures 3 and 4 show the comparison of the overall ranges of the grading for the dif-
ferent soil units. It is observed that the soil units vary in colour from brown through
grevish brown to white and in grouping from silty gravelly sand (SW to SW-SM)
through uniformly graded fine sand (SP), clayey silty sand (SM) to coralline silty
sand (SM). The brown silty gravelly sand (soil unit 1) contains 10-30% gravels
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TasLE !. Soil and rock units in Jeddah.

I ; Environment | ASTM Range Maximum
Material | Unit o = 5
Description ol (1975) of Obscrved
type No. " . [FETE—
Deposition class Nispr) Thickness
1 Light brown medium to Continental | SWto |ll-over100 | 10m (ormore)
dense silty gravelly sand SW-SM ineast Jeddah
2 White loose uniformly Marinc Sp 5-8 8min
graded sand Al-Balad
Soil 3 Greyish brown loosc to Continental SM 2-28 l4min
) dense clayey silty sand Al-Kandara
4 White loose to dense Marine SM 2-over 100 17min
coralline silty sand Al-Bulad
5 Fill material (Gravelly man-made SM 15-40 (after 40m in
sand with some silt) preloading) | Islamic Port
1 White coralline Marine - RQD, Limormore in
conglomerate 20-40% Al-Khalidia
Rock - - - -
2 Light brown massive Marine - RQD, 50mormore in
coralline limestone 40-60% Al-Hamra
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Fici. 3. Grading limits of soil units L, 2 and 3.

{(>4.76 mm) and 1-6% silt and is medium dense to very dense with N-values from
standard penetration test (SPT) in the range of 11 to over 100. The coarse sand and
gravel fraction of this unit consists of angular to subangular particies. This unit repre-
sents the sheet wash deposits noted by Morris (1975). The white loose uniformly
graded sand (soil unit 2} contains small amounts of shells, and broken calcareous
materials and consists mainly of reworked and rounded granitic and dioritic fine sand
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FiG. 4. Grading limits of soil units 4 and 5.

(presumably derived from the eastern hills) with D, within a narrow range of 0.15-
0.30 mm. The grading of this unit appears to be that of a dune sand and resembles
that of a sand found in United Arab Emirates by Epps (1980). In respect of relative
density, this unit (with N-values in the range 5 to 8) is more or less similar to soil unit
3 (i.e. clayey silty sand with N-values in the range of 2 to 10), but it has a lower fines
content (0 to 5%) than the unit 3 (fines content 17 to 38%),

The white coralline silty sand unit varies in relative density from very loose to very
dense with N-values in the range 2 to over 100 and has fines content in the range 20-
35% which is similar to soil unit 3. The fill (soil unit 5) is the most variable in compos-
ition and contains appreciable proportion of gravels (5 to 45%) and/or fines (6 to
22%). No SPT data for the fill is available except at the Jeddah Islamic Port site
where N-values from 15 to 40 were observed after improvement by preloading.

The above description shows that all the soil units in Jeddah are coarse grained in
nature as per ASTM (1975) but some parts of unit 3 with fines content >35% might
be classified as fine grained as per BSI (1981). Moreover, the coarse grains vary from
granitic to coralline in nature.

The rock quality designation (RQD) of the white coralline conglomerate and the
light brown massive coralline limestone are in the range 20 to 40% and 40 to 60% re-
spectively. Sample recovery of 50-70% in SPT has been reported in some reports for
the coralline conglomerate, Uniaxial compressive strength of 1500-2900 kN/m? with
an average of 2000 kN/m? has been reported tor coralline limestone in project no. 17
{Ref. Table A.1) in Al-Hamra arca. Also N-value from SPT for this unit varies from
37 in project 13 to 100 in project 21.
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Occurrence of the soil and rock units at ground surface

Figure 5 shows the areal distribution of the various soil and rock units at ground
surface. It is observed that the soil units 1, 2, 3 and 5 appear at the ground surface in
successive strips nearly parallel to the coast starting with the unit 1 at the east, while
the soil unit 4 and the rock units appear at surface only at a few small isolated areas.
It is seen in the X-sections in Figs. 6, 7 and 8 (discussed later) that these later units
occur mostly below other units. Soil unit 1 has the largest surfacial coverage within
the study area. Unit 2 disappears at the northern and southern parts of the studied
area and its place appears to have been taken by soil unit 3 north of Andalus and by
rock unit | south of Hindawiyyah. The width of fill unit varies from about 100 m in
some areas to 2 km in the Islamic Port area.
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Thickness of the soil and rock units

The variation of the thickness of the various soil and rock units as well as the N-val-

ues from SPT in representative boreholes from a number of project’s are shown in
two east-west cross sections, marked A-A and B-B, in Figs. 6 and 7 and one north-
south cross section, marked E-E. in Fig. 8. Among them Fig. 6 shows thc maximum
number of soil units. Although these x-sections are self cxplanatory, a few general
comments are made herein. Although Fig. 6 shows soil unit | to occur as top laver
over most of the x-section and to have a maximum thickness of about 6 m, Fig. 7

shows it also below soil unit 3 in the central and southern areas,

In the castern and northern arcas the maximum thickness of soilt unit 1 has not yet

been determined but in the University area this has been drilled upto a depth of 20 m.
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Soil units, 2, 3 and 4 have their maximum thicknesses in the Al-Balad-Al-Kandra
area of central Jeddah and these areas are beside the courses of Wadi Mashwab, and
Wadi Qwaz and beside the lagoon in front of the Foreign Ministry Office. Fig. 9(a)
shows an excavation within the soil unit 2 at a site in Al-Balad area whereas Fig. 9(b)
shows brown fill (soil unit 5) over coralline silty sand at the site of Project No. 17 in
Al-Hamra area.

The low N-values (in the range 2-10) of the soil unit 3 occur in the western areas
where it forms the top layer (Ref. BH 1.6 in Fig. 7). In the eastern part this unit ap-
pears below soil unit 1 where its N-value is larger, (e.g. N > 22 in BH 27.1 shown in
Fig. 7).

Sulphate and Chloride Contents and pH of Ground Water

Analysis of 12 samples of ground water from different sites by the authors showed
that sulphate content of these samples varies from 25 pprm to about 4100 ppm. This
indicates an aggressiveness of class 1-4 to concrete as per BSI (1972). The chloride
contents in the same water samples are in the range 66-28400 ppm. Among the ca-
tions present in ground water, sodium is found to be the most abundant (43-13600
ppm) followed by calcium (4-1410 ppm). The pH values are in the range 7.5-8.7 indi-
cating an alkaline environment. This might suggest the possibility of using normal
portland cement in foundation concrete, but this cannot be used due to high sulphate
contents noted above.

Results of Chemical Analysis of Soil

Table 2 shows the ranges of the contents of chloride, sulphate, sodium, potassium
and calcium found by the authors’ analysis of 38 soil samples from soil units 1, 2, 3
and 5 identified earlier. It is observed that no distinction in terms of the above ions
could be made between the differcnt soil units. Similarly no distinction was found in
respect of these ions between different depths. The sulphate contents of all thesc
samples are in the range 0.003-0.6 percent and chloride contents are in the range
0.01-4.27 percent. These ranges were found to be similar to those found from a com-
bination of results available in 9 of the site investigation reports. The sulphate con-
tents indicate aggressiveness of class 1 to 3 as per BSI(1972). This aggressiveness ap-
pears to be less than that suggested by results of water analysis mentioned earlier.

Figure 10 shows the variation of sulphate contents of soil at different locations in
an east-west sequcnce for a depth of 0.5 m. Similarly Fig. 11 shows the variation of
chloride contents, From these and another pair of figures for a depth of 2.5 m (not
shown) it js observed that Jeddah can be divided by a line I-1, shown in Fig. 3, into
two zones — one eastern zone with sulphate contents less than about 0.2 percent and
chloride contents less than about | percent, and the other western zone with higher
sulphate and chloride contents. These sulphate contents suggest that as per BSI
{1972), protcctive measures against sulphate attack arc necessary for foundations in
areas to the west of line I-I only. But the sulphate contents in water noted earlier
suggest the need for it in all the areas of Jeddah.
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(b

FiG. 9. Excavations showing soil units 2, 4 and 5.
{a) White loose uniformly graded sand (soil unit 2) at a site in Al-Balad arca.
{b) Brown dense fill (soil unit 5) overlyving coralline silty sand (soil unit 4) at Atallah shoping,

centre site in Al-Hamra area.
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TasLe 2. The chemical analyses ot soil units™ carried out by the authors.
Soil . Number Range of
. Description of
Unit Sample Cl (%) SO; (%) | Na™ (%) K' (%) Ca™ ' (%)
t Silty gravelly sand 20 0.01-0.65 | 0.003-0.49 | 001445 | 0.0090.23 | 0.1-4.16
2 White loose sand 3 0.25-0.68 | 0.013-0.29 | 0.04-0.25 | 0.01-0.042 | 0.19-0.6
3 Clayey silty sand 7 0.06-1.7 | 0.01-0.38 | 0.12-0.22 | 0.01-0.05 0.7-1.4
4 Fill Material 8 0.09-4.27 (1L.02-0.6 0.15-0.2 1 0.02:0.05 0.25-0.8
* Note : Soil unit 4 was not tested.
East West
i 0.6 Legend:
:c‘;’ §55 - sampling location No.53
s R25 - Project Report No.25.
2 045
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Fic. 10, Variation of sulphate content of soil at a depth of 0.5 m at different locations in an east-west sequ-
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FiGg. 11, Vanation of chloride contents of soil at a depth of 0.5 m at different locations in an cast-west
sequence.
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Shallow Foundations
Sub-soil zones

Based on the pattern of occurrence of the various soil and rock units at the surface,
the studied area can be divided into 4 main zones as follows:

i ) Zone 1, having the soil unit 1 underlain by soil unit 3,

ii ) Zone II, covered by soil unit 2 which is underlain by soil unit 1,

iii) Zone I1I, covered by soil unit 3 resting on soil unit 4 which is underlain by soil
unit 1,

iv) Zone IV, covered by soil unit 5 (fill) underlain by soil unit 4 which rests on
limestone.

These zones are shown in Fig. 5 as successive strips nearly parallel to the coast. The
areas showing soif unit 4 and the rock units at surface are generally small or lacks suf-
ficient data and hence are not discussed further.

Projects using shallow foundation

- Tables 3, 4 and 5 lists 28 projects (out of 44 studied projects) for which shallow
foundations were adequate. These foundations include (i) spread footings, (i) strip
footings, (iii) spread footing below basement, (iv) ordinary rafts and (v) compen-
sated rafts. All these projects with footings and rafts are located in zones I, llTand [V
identified earlier (Ref. Fig. 5).

TaBLE 3. Allowable soil pressures of spread and strip footings.

Pro- | Buit- Fot:md- Foundation size DfC}?l:]‘ Net allowable soil press. (kN/m?) oof
7?]’(1)1.6 joct |ding's g:.lpol];l mxem (S.q‘fam) 0t:balcer Fromsoil Estimatcd with storeys
No. | part (m) or m (strip) (m) report Co=1 |ActualCy,
| 25 A 1 I x1 3.5 200 220 220 2
I 25 B 1 0.45 3.5 200 220 220 3
I 30 A 2 Ix3 9 320 320 320 4
I 30 B 1.5 I 9 320 320 320 4
1 37 A 1.5 0,5%0.5-2.5%2.5 35 220-270 | 220-300 | 220-250 0
I 38 A 4 Ix3 7.1 150 290 290 4
I 39 A 2 l.6x1.6 2.5 150 300 240 4
I 40 |°A 2° lLax 1.6 2 120 190 140 3
[ 42 A 3.5 2x2 6 200 220 220 4

v 21 A 0.6 3x3 2.4 250 250 210 4
v 23 A 1.5¢ 2x2 0.5 190 200 114 2

v 23 B 3¢ 2x2 0.5 230 210 116 2+B
Iv 24 A 1 1.5x1.5 0.5 48*-300™ 40* 280** 5
v 24 B 1" 1.5x 1.5 0.5 48*-300** 40* 280> 5
v 43 A 1.5 Ix1 1.2 100 240 178 4
IV 43 B 1.5 1 1.2 200 300 210 4

* Foundation below water table;  * Before improvement;  =* After Improvement.

B = Bascment. * Below natural ground surface.

The depth of foundation, D, for spread and strip footings are generally in the range
1-2 m except in project No. 21 where it is 0.6 m and in project No. 38 and 42 where the
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D;-values are 4 m and 3.5 m respectively. Footings are recommended at these unusu-
ally large depths due to low N-values at smaller depths. The Dy -values of the footings
in zone I are generally less than the depths of water table, (which is generally large)
but in zone 'V, foundations are placed even below water table which generally occurs
at small depths.

The depths of ordinary rafts are in the range -6 m and those of rafts with base-
ments are in the range 3.75-12 m. The studied projects with rafts foundation are lo-
cated in zone I, IIE and IV (no report was available for any project with shallow foun-
dation located in zone II). In zone I, rafts were found necessary for buildings, 7 to 16
stories high. In zone I1, a raft has been used even for a 3-storied building and in zone
IV even for a I-storied mosque.

TaBLE 4. Allowable soil pressures of rafts with D, less than 3 m.

. Pro- | Buil- FDl:md- L?epllh' Nct allowable soil press. g, (kN/m?) Moot Estimated
one | . oo | ation, | ofwater . - 0.0 -
No. ;:(C: d[l::l%ts depth table Fromsoil Estimated with storeys T::;: NT:):SP'
(m) (n1) report CW:0'5 .5=2.5¢cm {m) (kN/m?‘)
I 14 A 2 7.1 100 120 7 0.5 92
i 30 C I 9 300 180 3 0.4 41
I 32 A 2 4.5 200 150 16 1.6 212
I 38 B 2 7.1 75 150 4 0.5 54
I I8 B 1" 0.7 100 [00 3 0.4 41
11 26 A 1 0.3 100 115 5 0.6 67
[ 41 A I’ 0.7 507, 90r* 20% | 6l 3 0.4 4]
I11 44 A 1.2 1.4 30% , 80** 3o0*, 557+ 4 0.5 34
IV 16 A 2.5 1 50 63 1 - ~
v 24 C 2! 0.5 48, 140 48", 1507* 5 0.6 67
v 43 C 25" 1.2 200 160 6+B 0.7 70
* Foundation below water table:  * Before improvement;  *" After improvement.
B ~ Basement. s = Allowable settiement.  ® Below natural ground surface.
TasLe 5. Allowable soil pressures of rafts with D morc than 3 m.
.1 Found- | Depth® | Netallowable soil press. (kN/m?) Estimated
Zone [.)To- B.ml‘- ation | of water . o No. of Thick- | Net ¢
No. juet|ding’s depth table Fromsoil Estimated with storeys 18| e ape:
No. | part . ‘ — ness load
{m) (m) report C,=05,5=5cm (m) | (kN/m?)
| 15 A 6' 1.6 190 250 8§+B 0.85 34
[ 27 A 12 17 200 160 14+3B ] 1.6 64
I 28 1A 6.4 24 190 360 1242B | 1.4 111
1 36 A 4.5' 3.4 142 340 7+B | 0.7 93
11 13 A 35" 1.3 100 330 0 0.9 140
v 4 A 4' 0.5 120 230 3+B 1 0.8 73
v 9 A 3.7 3.75 100 220 4+B | 0.5 20
v 11 | SW 6 2.8 100 100 - - -
v 19 | Sw 4.5 2.5 140 140 - - -

* Foundation below water tabie;

SW = Storm water culvert,

B = Basemcnt,

* Below natural ground surface,
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Allowable soil pressure and settlement

a. General

The method of determining allowable soil pressures and settlements depends on
the type of sub-soil. As listed carlier, Jeddah is mostly covered by cohesionless soil
layers.

b. Method used in site investigation reports

Some of the studied site investigation reports mention the method of calculating
the net allowable soil pressure, g, and in majority of them, it is calculated from N-
values of SPT by using Meyerhof's (1956) formulas. Some reports having pres-
suremeter test results base their calculation on the method suggested by Menard
(1965).

¢. Method of calculations made in this study

In order to make an assessment of the soil pressures recommended in the studied
reports, independent estimates have been made by the authors for cach project by
using the method of Peck ef al. (1974) for the footings with correction factor of unity
for the effect of over burden pressure on N-value from SPT and by using the chart of
Terzaghi and Peck (1967) for the rafts. Considering the presence of gravels or pieces
of corals which may raise the N-value when SPT is made with the usual shoe, the
maximum average N-value was considercd to be 40. The appropriate value of water
table correction factor, Cy, as per Puck et al. (1974) has been used for footings.

For ordinary rafts with depth less than about 3 m, C,, was taken as 0.5. For these
rafts and footings allowable settlement was assumed to be 2.5 cm. For rafts with
depth more than 3 m, g, was tuken direcily from the charts thus presuming C,,, of 0.5
and allowable settlement of 5 cm as recommended by Terzaghi and Peck (1967).

d. Resulls of present calculation

The q,, values calculated according to the above procedure are presented in Table
3 for footings and in Table 4 and 5 for rafts and thesc Tables also show the values from
the reports. It is observed that in zone 1, with footing sizes and depths in the ranges
0.45-3 m and 1-3.5 m respectively, the estimated q,, values are in the range 140-320
kN/m?. In zone 1V with footing sizes and depths in the ranges 1.0-3 m and 0.6-3 m re-
spectively, the estimated q,, values are in the range 114-300 kN/m?. These ranges are
more or less similar to those recommendced in the reports but there are some differ-
ences in individual cases.

For rafts with D smaller than 3 m, the values of estimated net allowable soil pres-
sure, ¢, are in the range 55-180 kN/m? and those for rafts with D, greater than 3mare
in the range 100-360 kN/m?. Again there is a rcasonable agreement between the esti-
mates of the reports and those of the present study except in some individual cases.
However, a crude estimate based on Tomlinson’s (1980) thumb rule on actual build-
ing load of 12.5 kN/m#¥floor indicates that the actual net applied pressure of the struc-
tures (shown in Tables 4 and 5) are generally less than the q_, from the reports and
from the present study.
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Deep Foundations

Review of Projects with Deep Foundations

Among the 44 studied projects, 15 used pile foundation and one used diaphragm
walls, Table 6 summarizes the relevant data for the piles. These projects are located
along the coastal belt of Jeddah which includes zones 11, Il and IV, In these zones,
the weak sub-soil combined with water table at shallow depth more often nccessi-
tates the use of deep foundations particularly for high rise buildings. Table 6 shows
that piles were necessary in some projects even for 3-storeyed buildings. Driven and
cast-in-situ pile (Raymond step-taper type) has been used in the 26 storeyed National
Commercial Bank building (tallest in Jeddah) in Al-Balad area. The wide variations
in the lengths of piles (10 to 30m) reflect the variations in depth at which a dependa-
bie soil or rock layer is available.

TABLE 6. Range of important parameters of piles.

Zone Project No. Range of
No. Pile Type (No. of Projects)] Size | Length |Workingload of| No.of
(cm) (m) single pile, kN | storeys
1l Driven pile :f) 30 10 450 3
. . 5,7, 18 < 3
; A 30,45 14,25 300, 600 '
Driven pile 3) § Bt
i Dlrivcn and Cast-in-situ 1 20-35* 24 1200 26 + B
pile n
Bored pile 2.6, [(‘1;)12' 20 a5 | 1130 300-4300 412
v | Boredpile 3 “’(‘i‘;‘ I 60120 | 1823 | 1200-4000 4-16
* Step-taper pile. “* B stands for 4 basement.

Choice of Pile Type

Table 6 indicates that driven piles have been used for low working loads whereas
bored piles have been used for a wide range of loads. However, possible driving dif-
ficulty due to the presence of limestone lenses or boulders in the fill layer or the effect
of vibration on nearby buildings probably discouraged the use of driven piles or dri-
ven-and-cast-in-situ piles even for low working loads in some projects. Moreover,
the required large working load was a dominant factor in selecting bored piles for
some other projects (e.g. Project 17).

Working Loads on Single Piles

In the studied reports the working loads for single piles have been estimated by
using various methods based on N-values of SPT or cone resistance, g, of static cone
penetration test {CPT) or angle of intcrnal friction, of the soil. Independent calcula-
tions have been made in this study by using:



62 LM, Abu Hajar & D). Hossain

(1) The method of Tomhnson (1980) with the Table of Broms {1966) and the
Chart of Berezantsev (1961) for driven piles.

(ii) The method of Nordlund (1963) for driven and cast-in-situ step-taper piles.

(iii) The method of Touma and Reese (1974) for bored piles.

The working loads obtained from the above calculations are found to be in reason-
able agreement with those in the reports except for some bored piles for which the
values in the reports are somewhat higher than those of present calculations. How-
ever, the working load calculations for piles are always considered to be tentative
subject to verification by pile load tests and it is assumed that in the actual exccution
of the studied projects, pile load tests have becn made not only to check the esti-
mated working loads but also the settiements.

Discussion
The present study brings to light the variety of soil and rock types in Jeddah, and
the chemical nature of the environment and indicates the manner in which they affect
foundation selection. 1t is limited by the number of studied site investigation reports
and the accuracy therein, and the number of tests made by the authors and hence the
findings should be used as a preliminary guide to plan detailed investigation for any
specific project.

Conclusion

Five soil units with varying composition and relative density and two rock units
have been identified within a maximum depth of 60 m within the 12 km long central
part of Jeddah. Based on the occurrence of these units at surface, the studied area has
been divided into 4 main zones. These zones are: zone [ with light brown dense to
very dense silty gravelly sand (soil unit 1}, zone 1I with white loose uniformly graded
sand (soil unit 2}, zone Il with greyish brown clayey silty sand (sotl unit 3), and zone
IV containing fill material (soil unit 5).

In the eastern part of Jeddah, the chloride and sulphate contents of soil were found
lower than those on the western part. But no such distinction could be made for sul-
phate and chloride contents of ground water. So protective measures against sul-
phate attack on foundation concrete and against corrosion of reinforcement by
chloride are neccssary.

Estimates made by the authors show that in zone I, footings are adequate for low
to medium ris¢ buildings (say upto 6 storeys) and rafts for taller ones. Deep founda-
tions or shallow ones with sail improvement are often necessary in other zones due to
week sub-soil at shallow depths.

Review of 44 site investigation reports has shown reasonable agreement with the
results of autors’ analyses. Bored piles appear to be more common partly due to the
heavy foading and partiy due to the difficulties associated with driving tn case of other
piles.
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Appendix
TapLe Al. Summary of projects and their characteristics.
?ro- . i . Building | No.of No.of Type of
ject Project Name Project Location type storics Base- Foundation
No. ment
I | National Commercial Bank | Al-Balad O 26 1 Step-taper pile
2 | Al-Mansour Building Al-Balad R H 1 Bored pile
3 | Highrisc office Al-Hamra R+0O 16 Nil | Bored pile
4 | Intercontinental Hotel Al-Hamra H 8 1 Raft
5 | Electric power building Al-Balad O 8 Nil | Bored pile
6 | Jeddah Commercial Center | Al-Balad O 8 Nil | Bored pile
7 | Hilton Hotel Al-Baghdadiyah H 7 Nil  |-Bored pile
Al-Gharb
8 | Postal Center Building Al-Balad O 0 Nil Raft
9 | Obaid-Bawbed Building Al-Qurrayyat B 4 1 Raft
10} Hassan Kutbi Building Al-Baghdadiyah CC 12 1 Bored pile
Al-Gharb
il | Stormwater Al-Hamra Outlet - Nil [ Raft
12 | Corniche bridge Al-Hindawiyyah Br - Nil | Footing + Pier
13 | Salem Batarfy Al-Baghdadiayh B 10 Nil | Raft
14 | Mohammed Al-Amoudi Al-Ammariyyah B 7 2 Raft
15 | Omar Sedik Ash-Sharafiyyah B 8 1 Raft
16 ] Enani Mosque Al-Hamra Mosque + | I5m I Bored pile +
2minarcts | high Raft
[7 | AtallabShopping Center Al-Hamra R+0O 16 I Bored pile
18 | Red Sea Palace Hotel Al-Balad H 3-6 1 Raft +
Precast pile
19 | Storm water Al-Hamra Qutlet - Nil Raft
200 | Al-Nenich Center Al-Baghdadiyah B 16 1 Bored pile
21 1 Abdul-Karim building Al-Khalediyyah R 4 - Spread footing
22 | Oil Refinnery Pctromin Arca - - - Raft +
treatment
23 | Abdul-Magssaud Al-Khaledivyah \Y% 2 { Spread footing
24 | Ramada Hotel Al-Hamra H 5 1 Spread footing
+ treatment
+ Raft
25 | National Guard Housing Bani-Malck Hsg. 2.3 Nil | Spread footing
26 | tbrahim Abdul Ghani Bldg. | Al-Hindawiyyah R 5 Nil | Raft
27 | Khojabuilding ‘Al-Kandarah R 14 1 Raft + Dia-
phragm wall
28 | Sultan building Al-Kandarah R 12 1 Raft
29 | Bughshan building Al-Balad R 4 Nil | Bored pile
30 | King Abdulaziz Univ. University arca Univ, 3-4 Nil | Footing
31 | Dar-AlPhenoun building | Al-Hamra R 16 Nil | Bored pile
32 | Jeddah Towerbuilding Ash-Sharafivyah R 16 Nil | Raft
33 | Jeddah Silo Scaport arca Raft +
treatment
34 | Jeddah Islamic Harbour Scaport area Treatment
35 | Abdul-Wahab Dayeh Bldg. | Al-Balad R 3 Nil | Driven pile
36 | Private building Ash-Sharafiyyah B 7 I Raft
37 Al-Azizivvah Dist. B 6 Nil | Footing,

Brivate building
T
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TaBLE Al. (continued).

Pro- -~ No. of
ject Project Name Project Location Bunld%ng Mo. of Basc- Typeof
No type stories ) Foundation
. ment
38 | Abdul Malik Bin Marwan | Mushriffah S 4 Nil | Footing
School
39 | Sulaiman Bin Abdul Mulik | Madain Al- S 4 Nil | Footing
School Fahad
40 | Saad Bin Abi Waggas Sch. | Al-Qurrayyat S 3 Nil | Footing
41 | Al-Hamra School Al-Hamra S 3 Nil | Raft foundation|
+improvement
42 | Secondary School Al-Sourah S 4 Nil | Footing
43 | Atallab Hotel Okazarca H 6 Nil | Footing +Raft
44 1 AlHindawiyyuh School Al-Hindawiyyah 5 4 Nil } Raft+
improvement

O = Oftice: R = Residence; R+0 = Residence and Office; H - Hotel; B = Building;
CC = Commercial Center: Br = Bridge: V= Villaht  Hsg = Housing, S = School.
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