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ABSTRACT

An investigation of the relationship between -foundation failures
and geologic, soil, and rockrconditions, as well as construction prac-
tices. in Amman, Jordan, has been undertaken.

Detailed failure infensity, geologic,. and structural contour maps
show that failure intensity foci_;oincide with local weak geologic struc-
tures, thick soil sections, and gouge zones and cévernous rock-types,_
Building material, design and misuse, alkali cement mixes? poor compac-
tion of sewage sublining refill, and air or ground traffic alsé have
direct effects on foundation failures.

Upbn consolidation of collected soil samples under the stress of
two tons per square foot, fifty-two percent of the samples showed more
than 6 percent decrease in volume. Physical properties bf thé soil
samples showed that 42 percent had five positive (out of ten)-indicative
: collaﬁse parameters.

For'design purposes, limestones are strong, and chert fabrics
have to be inVestigated beforehand.  Phosphates and crusts should be
remqved if'weathéred, otherwise they‘shéuld be treated as‘soils.- Sur-
_face and groUnd water conditions were élso studied to investigate the
effects of erosion and aquifer depletion on foundation failﬁreé. Soil.
terraces along the wadi courses eroded due to torrential runoffs and
peak floods, and the infiltrated rain water causes more prdblems to the
foundatioﬁs due to soil swelling. Aquifer depletion ‘and the consequent
stress increase are dissipated in the massive thick rock beds.

xiv



"~ CHAPTER 1
' INTRODUCTION

Public and private structures in the city of Amman, Jordah, are
subjected to failure prbblems such as differential settlement and dis-
placemeniw A detailed description of theése problems will be presented
in the Purpose of Study section. These foundation pfoblems'are thought
to be due to geologic causes, as the city is built on a series of chalks,
marls, cherts, and residual soils. In addition, the topography of the
city is mountainous, with a barren landscape. Problems of slope sta-
bility and leakages of septic tanks are visible.

Therefore, a survey was'conducted to classify the visible
failures according to severity. A failure intensity map of the city of
Amman was then construpted along with the.lithplogicél and structural
contour map to show geologic conditions. Hydrélogic andAseismic condi-
tions were also investigated. Physical testing of rock and soil samples
was conducted to determine their strength ﬁarameters and their.behavior
under stress. Investigation of the constructidn material and methods
was done to-check their bearing on the éauses of failures.

An attempt was then made to correlate_failure intensities with
the geologié,factors in order t& determine the geplogic parameters that

affect foundation faillures.



Area of Study

Amman, the capital of JordanVCFigure 1), was very small in area
and population before 1948. It was built by the ancient Romans neér the
once perennial stream called the Seil (a local name for a perennial
_stream), and near Ras El-Ain spring. The area of Ammaﬁ was about 38 kmz
in 1948, which was expanded to about 96 km? in 1971. Amman will be sur;
rounded by a "Ring.Road,” where considerable areas are sfill unpopulated
and undef development (Figure 42, in pocket).

The old Amman -forms the downtown and the city proper. Thé”new
Amman harbours about 32% of the total population of Jordan -- the popu-
lation of Amman exceeded 520,700 on December 31, 1971 (Bourini, 1971).

In the near future, Amman will embrace more of the already settled
bedouinsk(Figure 7, p. 14) within nery added suburbs.

New Amman-is located within latitude N145.00 to 158.00 and longi-
tude E32.00 ﬁo 46.00 of the Palestine Grid (Figure 1). The area incor-
porates the Zerqa River that begins in the Abdoun-Seil region, and runs

’down through the area of study t§ the city of Zerqa and to the Jordan
Valley. The area of study incorporates the region within the planned

Ring Road.

Topography
The area of study is. a part of the Eastein Plateaul'(Burdon,v

1959) of Jordan (Figure 2). The Transjordan block dips gehtly eastward.

1. Burdon (1959) considered four topographical subdivisions of
the Transjordan block: the Eastern Plateau, the Rejuvenated Drainage to.
the Jordan Rift Valley, the Floor of the Jordan Rift Valley, and the
Southern Desert. ’
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The area is covered with Cenomanian-Turonian limestone. - The -topography
of the area varies from gently rolling hills to a more rugged terrain-
where headward erosion producedilargerwadisz, which cut back'intqﬂthe
plateau region. Thé area itself is formed of two parallel groups of
jebelss, each trending N45E, with the Seil-Ab&oun Wadivlying'in_between.
The Seil-Abdoun Wadi is originally gpverned by the dominant synclinal
structure. This structure diverges at lel.OQ, E240.30 to the east ffom
the Seil-Abdoun Wadi. The highést peak in the area of study (1,010'
meters above sea level) is located af N153.85, E233.20 in the northwest,‘
while the highest peak in the southwest (1,007 ﬁeters abov§ $ea level)
is lécated at N145.75, E241.55. The drainage systém in the area is

dendritic.

Climate -

East Jordan lies within the Me@iterranean bioclimatic region,
where there is concentrated rainfalllin winter and drought in‘summer.
Mediterranean bioclimatic subdivisions are classified in Table 1 (Long,
1957).

The Mediterranean climate verges, to the east, into arid, desert
climate. This is primarily characterized by a hot, dry summer and a
cold, wet winter. The humidity is low (arid to semi-arid), and fhe rain-
fall is of less variability aﬁd }ess-intensity, which results in conse-

quent floods. Thus, it is considered an unsteady climdte.j

2. "Wadis" is the plural of "wadi," which is the Arabic
translation for a valley or an ephemeral stream.

" 3. "Jebels'" is the plural of '"jebel," which is the Arabic
translation for mountain. ‘



Table 1. Classification of Mediterranean Bioclimatic Subdivisions.
-- Modified after Long, 1957. '

Minimum : Maximum

Average Temperature in Temperature in
Rainfall Coldest Month Hottest Month:
Stage : (mm) (c®) ' (c®)
Mediterranean sub- , _
humid stage . - >600 , -3 27-33
Mediterranean
semi~arid stage 300-600 3-7 30-37
Mediterranean arid
stage (cool S
variety) ‘ - 150-300 1-3 34-40
Mediterranean atrid
‘stage (warm . ' :
variety) 200-300 3-7 , 34-40
Mediterranean
Saharian stage
(cool variety) 25-150 1-3 36-42
Mediterranean

Saharian stage : ’
(warm- variety) 25-150 3-8 36-42




The aridity increases suécessively from the west (inland). The
Vcoastalfmountains>break fhe'humidity and prevent its. access inland. Thus,
the Mediterranean  climate pésses Various interstagés before’it is:trans—
formed into a mesbpotamian desert climate, which is generally extremé.-

The minimum temperature (aVefage minimum is 20°F) occurs in
January and February, while thelmaiimum temperature (average.mékimum is
75°F) occurs®in August and»Septembér. Thére is a general decrease of
relative humidity to the éast'(75% in winter and 35% in summer), where
the minimum is 1n June (Table'}2)'. | |

Durihg the winter mdnths, Jordan ‘is within'the,témperate lati-
tude climatic belt; moist, cool air moves eastward from the Mediterranean
over the area. In the summer, the area is within the -sub-tropical, high—r
Pressure bélt of dry air when temperatures are relatively high and no:
rainfall takes place (United Nations Development Program, 1969).

~ Temperate, regular, and even westerly winds blow in summer with
‘minimum calm days in July. Cyprus pressure-low (during wintér) causes
the southwesterly winds to bring rain to this region. During spring,
nfdry, hot, dusty, and eastérly winds blow into the region.' These
easterly winds couid be cold and dry in winter, and cause frost.

The highest part of the eastern plateau ridge has 600 mm 6f rain
wﬁich diminishes to:100 mm, while the eaétern desert has 50 mm. (Figure Sj,
The rainy season beginé in October»and"ends in~Mayb(Figure 4). The area
of the city of Amman_has 350 ‘mm rainfall difference. There is about-

250 mm rainfall difference wiﬁhin 10 km,diétance; between Ammén4West and

.AmmanQEast (Figure 5);



~Table 2. Temperature, Humidity (Amman Airport, 1952-1962), and Average Daily Evapbration
(1961-1963) in mm (Piche), in the City of Amman-East.

M

~in mm (Piche)., 4.1

- J F A M J A S N D

Absolute : : ' ‘
Maxima 23.6 28.6 32.5 36. 37.8 39.5 41.7 42,2 40.6 37.2 32.2 27.2
Average "
Maxima . 213.2 - 14.4 17.4 22, 28.2 31.4 32.5 33.6 30.9 28.1 20.5 15.2
Average ‘

Temperature 8.45 9.35 11.65 16. 20.6 23.9 28.25 26.1 23.3 20.75 14.85 10.1
Average’ _
Minima » - 3.7 4.3 5.9 9. 13.0 16.4 18.0 18.6 15.7(_13.4 9.2 5.0
Absolute o

" Minima -3.2 -7.5 -2.5 0.0 4.4 10.0 11i.6 .12.0 3.9 7.7 -3.2 -1.7
Average
Relative

Humidity % L , - : .

+12°° GMT 56.8 54.5 47.8 36.0 28.5 24.9 26.8 27.7 28.8 27.9 41.4 53.1
Average
Evaporation . ' ' :

4.4 6.5 8. 11.1 14.1 13.4 12.5 10.7 8.8 7.5
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Vegetation

Jordan is generallylconéidered to be a part of the semi-arid
.glbbal belt; The insufficient'annual rainfall leaves the country with a
sparseAgreen cover. |

The green coﬁer'has5been destroyed rapidly by man during the‘paét
eight decades. At present, only isolated survivors- of oak trees are to
be seen (Bell, 1908). Except for the smail, bioclimatically sub-humid
regions, most of Jordan's country strips are of naked landscape. The
Mediterranean bioclimate of Jordan is subdivided into sub—hﬁmid and semi-
arid. The area of investigation is ;onsidered~to be a semi-arid bio-
climafe (Figure 6). Thé cliﬁax vegetation is steppe and saharah (Long,
1957). Steppe vegetation is dominant in Jordan,‘where the annual rain-
fall is between 150-300 mm. Examples of the dominating climax vegetation
- are Artemisia berba-alba, Salsola rigida, associated with grasses like
foa, Dactylis, Hordeum, Phalaris, Festuca; xerophytic shrubs such as
Raetama rétam;'and trees such as Pistacia and Juniperus phoehica.'

The_scarcity of the green cover in the investigated area speeds
up soil erosion. Most of the eroded soils are caught in the drainages -
of'the‘topographic and structural basins, alluvial flats, the Jordan
River and the Dead Sea.

The soil cover of the country iﬁ-stable where previous erosion
‘has reduced its thickness to a minimum..'Gradual regeneration of soil
"associated with protective measures to prevent erosion is now being

conducted.
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Purpose of Study

Engineering investigationrof the geologic éauses of fouﬁdation '
problems in the city of Amman Was never completely conducted prior to
development of Amman. Therefore, there(is an urgent néed for a bétfer
investigation to insure safe construction in this rapidly growing city..
Scattered incidents, such as freqﬁent failures of retaining walls;. land-
slides (Jebel,Ej~Joufa; Jebel En-Natheef); rock slumps (as in Figurés 58
and 67, pp. 114 and 123, respectively -- Jebel Ej-Joufa and Jebel En-
Natheef, January 1972); excessive settlement (due to poor drainage; see
Figure 3) of thick, red Mediterranean soiis that mantle the uppermost
undulated chert layers (Figures 9 and 10, pp. 15 and 16, respectively);
and differential settlement (at the airplane park of Amman airfield in
1969). In,addition, poor concrete mixes that are used in local constrﬁc—
tion occurred during the past fifteen years. This was due to the accel-
erated increase of population of the city of Amman, as two major waves of
population increase dominated the'éity of Amman during 1948 and 1967
- (Figure 7).. There was minor construction activity in the city of Amman
before 1948. Problems were faced-as the number of larger constructions
increased and.the population increased rapidly. Poor_drainage and coﬁ—
fused planning of the city led to a change in effective stresséérand pore
water pressure which caused problems (Figure 8).

Regional geologic structures like flexures (Figure 11), old ter-
raées and rock strata that overlie soff marls and dip toward houses or

streets (Figures 11 and 12) might also be responsible for costly
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incidents. Mode of rock fractures and their plane inclination (figures
13 and 14) have an effect on the future of the construction. |

The deeply dug ditches (Figure 15) for the installation of new
sewers to replace old septic tanks cause disturbance to the structure of
soils and rock in the vicinity of the houses, which could harm the
houses. .

Fracpuring in the walls of the hoﬁses of the city of Amman is
very conspicuous. Problems are expected with earth fills of:road embank-~
ments and cuts (Wadi Saqra, Jebel El-Lweibdeh, Ring Road culverts), the
Wadi Abdoun earth fill dam project, and the tunnel or subway excacations

through the lower B, chert layers.

2

Water table conditions in the alluvium and the lower BZ~A7
aquifer (Table 4, p. 67) should be investigated as they profe to be a
problem in the Easements of the buildings of downtown Amman (Abu-Qara
Mosque, Automatic Telephone Building, El—Hussein Movie House; and the
Central Arab Bank). |

Incidents of bacterial and phenolic pollutidn are encountered
through continuous water sampliﬁg and-analysis.‘ This pollution might
have occurred due to the leakage of septic tanks (Figures 27 and 40,
pp. 46 and 75, respectively), and the seepage»of industry disposals'into
the ground water.

Dynamic effects of energy waves caused by automobiles and air-
plane-traffic might enhance failures. These modern transportation meanS{
_and the effect of explosivés ﬁsed in quérries (Figure 29, p. 51).might'

also trigger the unstable earth slopes, and- cause the settlement of the
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constructions due'to_the rearrangemenf of the soil particles (Figures;SZ
and 33, both p. 61). | | |

Potential foundation problems have to be studied through the
evaluation of the engineering parameters in order to recommend the
. remedies or,reﬁdjustménts of the-existing failures, and to recbmmend

- precautions to avoid dangers in the future.

Procedure,qf'Study

Literature on geology,ihydrogeology, and civil engineering,_as
well as available topographic and geologic maps of the éreé were Teviewed.

‘Air photographs (1:25,000) prepared by Hunting Aerosurveys Ltd.
in 1963 were also used in the office, together with the field work, to
:.:prepare'a detailed gedlogical map of the city of Amman in 1970. The
available previous geblogic maps were also used in solving certain strué-
tural interpretations. A structural contour map of the top Turonian A7
Formation was then.prepared.'

Cross- and columnar-sections (Figﬁres‘18, p. 28; 19, p. 29;'20,
p. 31; 22, p. 34; aﬁd 44, in pocket) in the area of Amman and its vicin;
ity were prepared at certain lbcations, to illustrate the structural
conditions. Photoegraphic documentation was used to back up all the
geologic and structural facts in tbis research. Thereafter, attention
was concentrated on the recent field‘and laboratory soil and réck
investigation. Systematic sampling of undisturbed soils began’ih April,
1971. Laboratory testing, recording of physical properties, and caicula—-

~tion of soil and rock engineering parameters followed sample collection

and testing. The parametefs that were obtained from laboratory testing,
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together with documented field observations, were put togethér.for
interpretation. |

_Geologic mapping was accompanied by observation. of the faiiure
~ intensity of the houses in the city of Amman. A sketch map of fracture
intensity zones was prepared in order to assessAthé correlation betwéen

building damage and geologic conditions.

Previous Work

Study of the geology of this region Began inrthe nineteenth
century with a study of the geology of Amman;Zerqa region. - Attention in-
thié study was focused on the occurrence of phpsphates of the upper B2 ‘
at Ruseifa, ten kilometers to the northeast of the city of Amman.

Quennel (1957), Masri (1962); and Grieger’and Touqan (1963) mapped
-fhe:rock formétions of the study area. Hydrogeologiéal studies were
carried out by Masri-(1962) and were subnguently reevaluated by the
hydrologisté of the United Nations Devélopment Program (1969).

Some geological engineering studies were conducted by Abdullatif
(1966, 1967, 1974) and Striebel, Sakket and Sabbah (1969a,b). These
studiés_discusséd Wadi Saqra project, Jebel En—Nétheef 1andslidé, El-

Mahatta underpass,.Amman.Airporf, and thé Jerash,landslide.‘



CHAPTER 2 -
GEOLOGY.

Physiography and GeomOrphology

Thé_area.of study is a part of one of the four physiographic
IsUbdi&isioné of TranéjordanA(Eurdon, 1959); These Highlands form the
wesfern'edge of the eastern plateau. The Dead Sea Graben lies to the
west and the desert plateau 1iés-to'the“ea§t of ihESe highlands.

The area.of study is situated at the eastern edge of the topo-
grafhically and structurally high part of fhevTransjordan (Figure‘Z).

. The-éentle regional diplfortheveasf is slightly greater than the slope
of the land surface (Figure- 33, p. 61). . | |

Most of the surface watér and.the rejected groﬁnd water of the
investigated area drains towards the Jordan River,>rUnning through tﬁe
'Zerqa River (Figures 2 and 3). |

Grieger and Touqan (1963, p. 33) stated that '"after subsidence of
the Jordan Graben, westward draining.wadis @iésected the western part of
the investigated area. The area is dfained by the tributaries of the
Zérqa River.'" The highest points (1,019.and31,007'me£er5 abéve sea
level) are located in the western and‘easteyn parf bf the investigated :
area (E?SS;ZOO, N153f85; and E241.50,'Nl45.75)1, whilerthe lowest

topographic point is 675 meters above sea level in the east and northeast.

1. Coordinates are of PaleStiné'Grid.

’22"'
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The dominant rock formations in the area are marine limestones,
cherts, marls, crust, fill, and soil, which are bf Cretaceous and
Quaterhary age. The main cliffy outcrops are of the Ajlun and Belqa
Group Formations (Figure 43, in pocket). These formations are called

Ajlun seven (A7) and Ajlun five-six (A., ), which form morphologically

5/6
observable cliffs; the Belga Group Fprmations of Belga one (Bl), which .
is cascaded by the lower Belqa two (10wer~B2), upper Belqa two (upper
Bz) and Belqa three (BS)’ which is cascaded by Belqa foui (B4) in south
Jordan. - -

The Belqa Group Formations are foundicovering hills prominantly,
while tﬁe Ajlun Formations arevoutcroppiﬁgs in the valleys. Outcrops
are governed by the regional geological structure in the area.

The main geologic structure in the area is the Amman-Zerqa
flexure which creates irregular, steepAslopés, rugged topography, and
V-shaped valleys. The monoclinal structure that dominates the area has
the Wadi Es—Seil'exténding at its western and northwestern side.

Red'Meditérranean soils covef'the southwestefn and hortheaStern
pafts of the area. These éoils'are normaliy~formed in the Mediterranean
environment where adequate rainfall takes place.

The crust "onion-shells" in the southern pait of the region, so

the landscape is formed of rounded to sub-rounded mountains with smooth

surfaces and uniform slopes.

Predominant Rock Formations

All the rock outcrops in the iﬁvestigated area belong to the

. Upper Cretaceous, Turonian-Campanian (Burdon, 1959).
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A major marine transgressign covered west Jordan and spread |
southwards in the Cenomanian. The seas Spread further.south»durihg'thé.,
Turonian, where marine beds of limestone, dolomites, and éome.marls were
‘deposited. These sediments were giouped as Ajlun Series (Figﬁres 16 aﬁd
17).- Chalks, flints and marls (sometimes bituminous) were deposited in
the Senonian. Tﬁe marine sedimentation continued.uniﬁterrupted, througﬁ’
the. Eocene (Figure 20, p. 31). These rocks have been grouped as Belqér
Series in East Jordan (Figures 16 and 17). The sea withdrew to the
northwest during the Eocene, and the nummulitic limestones were formed
locally (Burdon-, 1959) . o .

Morphologic undulations of the Upper Cretaceous rocks were formed
by the tectonic movements during the Turonian; These undulations cause
variations in the thickness of the posthenonian Bl’ BZ’ and B3 Forma~
tions. The B, and B, Formations shoﬁ conspicuous thickness variations.

1 2

Futyan (1968) stated that the chalks and marls of the B, Formation were

2
deposited in deep transgressive'marine-envifbnmgnt, with shallow shore-
line conditions dominating the deposition of chert layers from a silica
rich water (Figure 20, p. 31),' This explains the abundance of éherts in
anticlines and plateaus.

The'éontinuation of the tectonic movements during the Campanian

initiated thé barriers that produced semi-closed environments, favorable

for the deposition of phosphatés,-marls, and cherts.

A

5/6 Fprmatlon

This formation overlies the karstic dolomitic A4 Formation. Its

lower contact is a bluish-green marl bed. It consists of a marine,
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impervious;'mar1y>or chalky limestone,- and occasionally bedded maris.
rThe rocks are hard to medium_hard, but marls are sbft.ﬁvThe'rOCRS'range
in color from very light, to dary grey, to brownish. The ﬁoét'cop—-
spicuous. feature of fhis formation is the nodular'(knobby)‘appearan¢e,
. and -the 6liveagfeen color»when wéatheredﬁ The thickness of tﬁis forma-
~tion is 80—120 meters. Blake and Ibnides (1939), Quennel (1951), and
Bgrdonr(1959) proved that this formation is Turonian. Hydrogeologically,
it is an aquitard. It confines the~under1ying,aftesién aquifer, and
forms the impermeable barrier of the bveriyingﬁA7 éﬁuifer. Therefore, it
is.separating the two aquifers. - | | | |

A7 Fofmation
o ThiscTuronién formation is about 80~1OO meters thick. It forms
the cliffs and morphologicaily distihctive outcroPs in-thg afea of
>Study. The upperipart (FiguresIIS-and 19) consists of a 25-meter thick
limestone, greyish-pinkish, highly fossilliferous,(Pelycepods, Scapha-
pbds), cavérnous, medium hard, énd recryétallized rdck, The 1ime$tone
facies-change to dolomite in some places. Grieger énd Touqan {1963)
statéd that thin chert layers and nodules are intercalated in‘this rock
unit. It weatherslto'form'aisteep.greyish c1iff which develops a honey--
comb structure. Wetzel and Morton (1959), Grieger. and Touqan,(l963), and
Blaké and Ionides (1939) suggeéted a marine shallow environmeﬁt during

the  lower upper Cretaceous for this formation. A'scaphapodfrich -

(Dentalium) limestone bed marks the upper limit of this formation.
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The,A7 Formation, ‘as ﬁentioned previoﬁsly, forms an excellent
aquifer. The upper.25—50 meters of ‘this unit are quarried aiound the
city of Amman, which hinders the plannihgvof the city. This,type-bf

limestone is easy to crush along the surfaces of the fossil shells. It

- forms an excellent aggregate for concrete mixes.

B1 Formation ' I

This rock unit separates the Ajlun Group from the Belqa Group.
It is a good marker unit, and ranges in tﬁickness from zero td thirty:
meteﬁs. It consisté of marlyvlimestOne,'marle and chalks, light yellow
to white in color, hard to soft (Figure 19). The marly limestone (12
meters) overlies the A7 Formation.v It cbn;ists of sevem meters Qf mar}s,r
followed upwards by a sik—meter thick chalk. The upper limit of thi$,
formation is a thick continuoﬁs chert bed Cﬁrieger‘and Tougan, 1963)

- that forms the lower limit of the lower B, Formation. A thick Oyster

2
bed overlies this thick chert bed. Fauna proves that‘these‘sediments

were deposited during the Santonian (Figures 16 andrl7).

_Lower B2 Fofmation »~ 
This formation is abundant and covers the entire study region,
especially thé western and-northwestern sections. In places; it is
covered by either soil or crust. It consists of>alternating thin, wavy,
bedded.éherts,_and silicified 1iméstones. Massive chefts, siliqifiedr
limestone bed infercalatioﬁs; and'1imesfone concretions are abundant.

Brecciated cherts are intercalated into silicified limestone, while

limestone lenses or concretions 'are embedded in chert beds (Figure 20).
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Chert beds vary from brown, deep brown-grey, dark grey, red, and smokey,
to white in color. The intercalated limestones are light grey, or
whitish to pink. The thickness of 'this formation ranges betWeen 30 and.
50 meters. |

The upper part of this>formationrconsists_of thin layers of
.limestone which are sometimes silicified, phosphates, cherty phosphates,'
phosphatic cherts, and wavy, intercalatedrthin marls.

Careful investigation showed that traces of tripoli are present
vwithin this formation due to the severe weathering of the silicified
limestone that leaves the fine-grained silica (tripoli).

The presence of a highly fractured greyiéh, brownish, chert bed

indicates the beginning of the upper B,, a phosphaticﬂlimestoner

93
formation.

The depositional environment was a 1ittorél shallow, orAciosed,
environment, where parallel fossils indicate water currents. Blake and
Tonides (1939) suggested the Maestrichtian as the ége of this unit, but
Burdon (1959) suggesfed it might be the Campanian fo'the lowér
Maestrichtian (Figures 17 and 20). The cherts of the lower B2 are éon;

torted, and have recumbent folds (Figure 21).

Upper B, Formation

2
The lower 1imit.of this formation begins with.é brecciated.brown
chert bed. It consists of alternating“crystailine limestone, thin-
bedded, marly limestones, and marls. Few chert and 1ime$tone 1ayérs are -

interbedded with several phosphorite beds'(Figure 22). These beds-
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are of rosy, grey, yellowish, and whitish rosy colors. Small phosphatic
nodules are distributed throughout the whole sequence.

The upper B, Formation covers the northern parts of Jebel Et-

2
Taj, Jebel En-Nasr, and the northeastern part of the city of Amman. Grieger

and Touqan (1963, p. 39) described the limestone of this unit to.be
"crystalline, hard, cherty, and phosphétic marls, and marly limestones
existing between phosphate beds.'" The upﬁer B2 is 20-30 meters thick
(Figure 22).

Blankenhorn (1914) suggested the age of the ﬁpper B2 as Danian,
while Blake and Ionides {(1939) .and Burdon (1959) felt it was Maestrich-
tian. The German geologists of the Bundesanstalt fur Bbdenforschung
(1961-1966) gave the age as Maestrichtian-Campanian, depending on the

fossil guide. - Most of the upper B2 outcrops are covered by either soils,

talus, or debris.

B3 Formation

The lowér limit of this formation is a thick, rosy, crystalline
limestone bed. It consists of interbedded, jointed, white to rosy
chalks. Thin beds of dark brown, and sometimes black, fractured chert,
and grey marl are present. Nodules and large concretions of crystalline
1imes£ones are also present (Figure 22)}. Grieger and‘Touqan (1963, p. 41)
 described this unit as "matls, whitish rosy, soft; with thin chert
intercalations. Limestone concretions are typical of this rock unit;
Broﬁn chert layers are sometimes characteristic; Bedding and joint

planes are sometimes filled with gypsum."
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-Blake and Tonides (1939) suggested the Danian as an age for this
unit, while Wetzel and Morton (1959) suggested the Paleocene, and the
German geologists suggested the Maestrichtian—Paleocene (Figure 17).

The environment of deposition was shallow.

Geologic Structure

The regional structure of the Arabian Peninsula plays a signifi-
“ cant role in defining the primary structural features of the investi-
gated area (Figure 23). During the Miocene and Pleistocene, the whole
area underwent tectonic activity, when the distribution of compressive
and tensile forces brought out the existing and outstanding structural
geostructure (Jordan Rift Valley, Deéd.Sea,’Gulfs of Aqaba,'Suez ahd
Aden, down to Madagashqar-East Afriéa). Minor'énd major folds, faults,
and monoélinailflexures were formed. : .

Bentor and Vroman- (1954, p. 23) wrote the foilowing about the
regional structural feature:

The age of the big Jordan-Araba Depression is mnot easily
fitted in the scheme of structure of the surrounding area. It
is on-the whole a North-South directed graben, it does not
follow and consistently any major tectonic line. The graben
coincides approximately with the border of Transjordan massif
from the latitude of Jerusalem down to a point about 40 km
north of Agaba. TFurther to the north, the graben follows
roughly a syncline between two big folds, while in the far
south, the rift valley follows nothing at all but simply cuts
into the basement. It has been shown elsewhere (Bentor and
Vroman, 1954) that the tectonic instability of this area can be
recognized as early as the Cenomanian. In some areas along the
graben as in the Dead Sea region, it can be proved that already
in Middle Tertiary Times there existed a deep depression, even
if it was not necessarily broken at that time, Major faulting
occurred probably since Miocene, but the faults were still
active in quite recent times, such as the early Pleistocene.



Figure 23.

Strain Ellipsoid Represents a Number of Regional Stresses that Affected all
the Near East to Form Varlous Rock Fabrics and Deformationms.

After Burdon, 1959. Figure 23 represents a horizontal section through the
strain ellipsoid for the Dead Sea region. It shows the direction in which
fracturing occurred under the second (B) set of compressive forces acting
from the southeast (by compression on 2-2, by tension on 5-5, and by shear
on 4-4 and 6-6). The resultant compressive stresses are shown by thin
lines within the ellipse. The rotation of the force system in a clockwise
direction into position (C) caused a great intensification of the
sinistral shear couple on the 4-4 plane. The resultant shear stresses.are

- shown by heavy lines outside the ellipse. These stresses produced the

major post-folding deformation.
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38 .
Burdon (1959) stated that the main regional, structural feature
in the Near East (Figure 24) can be explained according to one of the

"following hypotheses: Rift Valley, Ramp Valley, or Wrench-Fault (107

kiidmétérsvof horizontal dispiacement of the Neogene).

The best explanation is the wrench-fault, where the horizontal
movementlis harmonically defended and evidenced.,,Figure 24 shows that
the strain ellipsoidkexplains how -the compressive stressesvare distri-
buted and how the resulting deformations do océﬁr with their approkimate
direction. The acting stresses and resultlng stralns are explalned as -
Burdon (1959, p. 59) wrote:

| The three phases of activity and the tﬁo intervening quiet
stages enumerated and described, all form part of a continuing
process, in which compression. is dominant throughout, but due
to. successful fracturing and some rotation produces shearing
and horizontal displacement along the earlier folds and
fractures. " :

The Jordan Rift was produced along the tension direction in two
stages. The latter wasAoccupiéd by thé ekceptionally deep depression of
- the Dead Sea. The first rift stage was:produced by a horizontal dis-
placement of about sixty kilometers and commenced in the Tower Miocene.
The second stage involved an additional horizontal displacement of .
about forty kilometers in the late Pleistocene.

The Wrench-Fault hypothe;is thus éxplains that. there was a
'horiiontél displacement of 107 kilometers between the two sides of the
Jordan Rift Valley; East;Jordah moving to. the north, while Palestine_is

statidnary (Burdon,'1959); AThe area of study was affected by the com-

- pressive forces that formed minor and major folds. Two major flexures



& %

CG1

DCG

CF

%,
%( ($

PE

77

(

1

&
<<

,& 6"
% &

(
% (%' (

%'

FT

7 &7@@@@@@@@@

%) '( $#
0241B

(

"%

&

)"

T )W
! 2
Q 2
2 # o7
(
$$ 02141

E2



40

(Salt aﬁd Amman) exist in the vicinity of the city of Amman. The ﬁajor
Ajlﬁn Dome does affect the regional structure (Figure 25);_as thé city
of Amman lies on its southeastern limb. The structural contour maps of
the top Paleozoic (Figure 26) and top Turonian (Figure 25) show that the
area of study is forming a 1limb of this early Miocene domai Ajlun struc-
ture. The domal feature démiﬁates the structure of East Jordan, the
_axis of which strikes and plﬁnges to the northeast (Figure 25j. The

folded rocks are mainly of the Belqa and the Ajlun Series.
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CHAPTER 3

ROCK AND SOIL TYPES AND THEIR DISTRIBUTION

Nature of Rocks and Soils

The dominant rocks in the area of study are cherts, matris,
phosphates and dolomitic‘limestones (Figure 43, in pocket). They are
generally fractured where strong rock prevails. The soft rock types do
not have this property.- The vailey fill (Figure 31, p.  59) is composed
of detrital mixtures of the surrounding sediménts.

Soils were examined to determine their conventional'physical
properties. Soil disturbance was avoided as much as possible; however,
collection of undisturbed soil samples was very difficult. Samples were
collected from empty lots and areas adjacent to alleys and sidewalks.

In summertime, however, it is very difficuit to getAundisturbéd samples
from sbils that have low consistency and gmall rock chunks.

The 'soil patches, that cover scanty segments of the land surface
of the city of Amman are of the Red Mediterranean. type (Terra Rosé}. On
the other hand, soil patches covering the northeastern regions of the
city are of yellowish color due to the underlying lithology marls and
phosphates and insufficient rain. The red soils have a high tendency to
retain water (muddy in wintertime). The solids lose water through
evaporation in the summer time (polygonally cracked; Figure‘SQ,,p.:69).

The principallphysical characteristics of each type of rock will
be discussed later. These rocks have thé tendency to cause foundation

43
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probléms, as shown in Figures 40 (p. 75), 41 (p. 75), and 61 (p. 120), as
the frictional strength is inversely proportional to the water content.
As a result, the frictional strength could decrease due to saturation.
The decrease in frictional strength, however, will~cons¢quent1y decfease
the resisting forces that overcome the driving fdrces {slope conditions),
or surpass the shearing stresses in different situations;

The soft, fine~-grained, marly material that fills the fractures
of the lower B2 Formation constitutes good sliding planes across the
fractured .rocks. In case of stress application along the fracture
planes, movement takes place. 1In case of great stresses, soft, fine-
grained material squeezes out, leaving fine films of viséoﬁs remnants of
marls that are still able to act as sliding plane with lower resisting
forces. The soft viscous material lubricates the contacts of the frac-
tured rock blocks, which, when stressed, tend to aécelerate rock

movements.

Cherts

These sediments cover the surface of most of Amman.: They can .be
easily recognized in the western, northern and northeastern parts of the
study area. The area on the west and northwestern side of Abdoun-Seil
Wadi'is domipated by the cherts of the lower BZ.Formation.

The chert_béds are generally folded intraformationally with
limy—chélky;marly intercalations. The axes of fhese contortions strike
randomly forming swarms of fold bundles. Petrographic studies were

carried out on cherts to determine their genesis. Chalcedony was found

to be widely distributed throughout the chert sequence. It can be of
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light gray or darker brown.color (1imonite and cléy impﬁrities), crypto-
crystalline, layered or banded_with ocgasional lenticular structure.
Minor, finely crystalline quartz was’identifiéd to fill miéroscopic
cracks ahd veinlets in the chert body.

The mobilization bf the silicic acid and its transport, so that
the local and regional alteration takes place in the SiO2 enVironment,

- follows the exogenetic and endogenetic process as indicated by Ruef
(1967, p. 74): ; |
The weathering pfocesses in theirlbroad sense are (subéereal):
the diagenetic (after deposition) and related processes, the
zoogenic and organic chemical processes (subaereal and submarine),
-the magmatic-volcanic occurrences (eruptive, hydrothermal
activity).

As previously discussed, chalcedony forms the chert beds of the
'1oWer B2 Formation. Therefore, the overlying and underlyiﬁg'sediments
have én influence on its mode of formation. The cherts of the city of
Amman are considerably fractured (Figure 27) due to 1ocai_¢pmpressiona1
-forces, which by means of tension weaken the rock mass. The chert beds
of the lower B2 Formation or the embedded chert blocks (iﬁ-the red
: Mediterraneén soil) basically constitute most of the foundations. Frac-
tures in the chert beds céuse a decrease in their strength, especially
if they are loaded.

The limonite and clay impurities contribute alsorto rock weak-
nesses. Clay impurities will enhanée the rate of chert>weathering,
especially in arid-climates. |

“In such a neutralizing environment (carbonates are abundant),

fluffy limonite (McKinstry et al., 1948), which resembles sprinkled
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powdered sugar, will be formed. Pyrite is absent in the colleéted rock
samples; therefore, no sulfuric acid is provided which means. no gypsumr
is going to be formed. Gypsum is soluble in water and affects the safety

" of foundations.

Limestones

This rock type is predominant ih Jordan. The Turonian limestones

. of northeastern Jordan are essentially calcareous with nodular flints
(Blake and Ionides, 1939; Burdon, 1959). They are different in their
lithology from the underlying Cenomanian 1imestone§. The "Mizzi Helu"1
limestone contains a fauna which is mostly Nerinea and Actaeonelia

(Ostrea africana). The ”Meleke”2 limestone consists 1afge1y of the
remains of Rudists from most of the A7 Formation of the marine Cretaceéus :
transgression. The rocks are sometimes crystalline and highly
fossilliferous.

'The.Turonian limestones of the investigated area cover the deeply
incised wadis, mostly in the southern and eastern areas, where the B1
Formation is back cﬁt and eroded away (Figure 43,7in pocket). 'The
Turonian limestones are used as aggregates for concrete mixes. Therefore,
old and new quarries (Figure 28) are initiéted at the peripheries of the

previous limits of the city of Amman. These limestones have proven to

form good aggregates. They have the qualifications of good building

1. Local name of a limestone that is normally used for building
houses in the city of Amman.

2. Local name of a limestone that is normally used for bulldlng
houses in the city of Amman
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materials. They are relatively strong, tough, abrasion resistant, and
inert to chemical or physical disintegration. Particles must be of the
proper shape, surface characteristics, énd size for best results.in use
(Seﬁeringhaus, 1960).- Resistance to freezing and thaﬁing are often
necessary specifications for any aggregate. Diréct testing methods or
simulated séundness'testing, by using sodium sulphateior magnesium sul-
phate crystallization as a disrupting agent (ASTM C88-55T), can be used

to test the aggregate.

Chalks -

These soft tobﬁedium hard (dry cése), marine sedimenfs crop out
where the B3 and lower B2 Formations are'observéd (Figﬁre 43, in pocket).
Most of the B3 Formation is chalky (Figure 22). The B3 Formation covers
the northeastern part of the investigated area. Chalky intercaiations

were also observed within the chert beds of the lower B, Formation (Figure

2

20). 'No foundation problems were caused by these types of sediments,

especially in case of the thin intercalations of the lower B, Formation.

2
The chalks of the B; Formation are masked by red to yellowish Mediter-
ranean or steppe types of soils. Therefore, the problems located in that

area should be attributed to one type of these sediments.

Surface Crust

This type of younger deposit was often noticed where soft lime-
stones, chalks, and marls exist.. Therefore, it is evident that the out-
crops of the B1 Formation of the investigated area are the most suitable

environments for crust to be formed. Softer sections of the lower B2
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and A7 Formations are often cofered with surface crust. It frequently
covers the southeastein and northeastern (Figure 29) areas of the-city
of Amman.

_Caliche-ofvthe southwestern United States resembles the surface
crust in the investigated area. Pettijohn (1957) defined caliche as a
lime-rich deposit formed in the.soils of certain semi-arid regions.
However, it was defined as gravel, sand, desert debris orllimestone
pebbles cemented by célcium carbonate. .Other scientists defined it as a
hérd, calcareous zone at or near the surface of the ground, ér a hard,
well-cemented deposit that can be disaggregated by dipping in water.

The calcium carbonate in this type of rock ranges from 1% to 93%. The
increase of the unconfined compression sfrength of caliches is directly
proportional to the carbonate content.

Burdon (1952) wrote about the genesis of crust formation. He
stated that, where mechanical erosion is less active, there is, or
perhaps there was, a tendency for a crust of hard limestone to cover
the chalk outcrops, and make them look like outcrops of 1ime§tone. The
crust is formed of calcium carbonate, and a little silica, which was
dissolved in the water during the rainy season, and again deposited, but>
now remains in crystalline form after the water had evaporated in the
dry season. Variations on this method of developing a crust of what may
be called ”chemiéal evaporational limestone' are common in the circum-
Mediterranean countries.- Remington and Abdullatif (1967) used the iocal
name ''Nari" to mean the surface crust. They mentioned that the only.

rock types on which surface crust forms are those containing high
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percentéges of chalks and/or clay. This crust tends to mask:éll the
structural and textural features in the area.

Crust phenomenon had been attributed to_slow ground water seepage
to the surface, where it evaporates to leave thin deposits ofVCQlcite |
(Remington and Abdullatif; 1967). This phenomenon takes placevwheré
the water table is shallow.

Therefore, photogeological intefpretafion requires actual field
observation in the south and southeastern sections of the investigated
_area.

Breazeale and Smith (1930) discussed the formation of éaliche in
Arizona as a result of caiciUm carbonate solution, transportation and
precipitation by the action of ascending and desceﬁding water, and/or

plant roots that absorb water leaving CaCO Crust may also be formed

3
“through saturation of the water by carbon dio;ide, where calcium bicar-
bonate wili be formed and precipitated as cafbohaté,-ieavingrekcess
carbon dioxide to escape with the evaporafed water. |
rClose study of a section of crust of the investigated area shows
that the hardest part always occurs on the 6uter surface. . Crust thick-
ne;s*is directly proportional to the thickness'of the underlying softer
rocks. Thereforé, softer énd younger types of crust underly tﬁe harder
one. Remington and Abdullatif (1967) suggested that crust is most
1ike1yAformed as a result of seepage of surface water into the weathered

zones of the marls and chalks, dissolving some of the chalk or calcite

within the marlstones. Caltite re-precipitates while water evaporates,
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1eavingAsuccessive layers of hard, fine-grained calcite mixed with'ofher
"~ impurities. This suggestion agrees with that of Burdon (1952].. Kawar
(1967) suggested that these cfusts are formed by the leaching of_the
limestone, and evaporation of water on top of the rock, which forﬁ a
thin layer. | ‘ ‘

The soft calcareous marine sediments are marls forming most of

the B, Formation (Figure 19). The distribution of these sediments. in

1
the investigated area are shown ih Figure 43 (in pocket). The.silicate
portion in the marl structure has, in some cases, the tendency to swell

and occasionally to cause thixotropy (dispersion and saturation with

instantaneous and sudden shocks).

- Rocks provide the pdrent material necessary for the formation of
the soil, while topography and climate determine the rate of its
erosion (Burdon, 1959).

Wash and wind are the most important agents of transport in
semi-arid regions. Muddy waters from sheet floods cause the precipita- ‘
tion of fine sediments on pediments. The competenée and capacity of -

_transpoft of the wadis are considerable; blocks of several cubic»meters
can be moved. Howevef, during the second stage of flooding, all the
material coming from the slopes and the rééks on the bed have already
Been remeed. The water is no 1onger>fu11y loaded, and the river can.

attack its bed to form scars that cannot be healed. At this stage, the

location of the river bed changes. Birot (1968, p. 118) stated:
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Erosion cycles in arid and semi-arid climates leave several
_ dominant features in the landscape: 1) the existence of broad
surfaces, approaching perfect plane-glacis-pediments; 2) the
sharpness of forms due to differential erosion (resistant versus
nonresistant beds); and 3) the hydrographic network is dendritic.
The thermal variation of the semi-arid climate is the most pic-
~turesque agent of decomposition. It causes the decomposition of rock,
especially when water is present. Whenever the rock is suitable,
granular disintegration (due to halides' érystal growth by continuous
evaporation) predominates and penetrates deeper into the rock.

Wash and sheet floods are capable of cafrying sands and small
pebbles along slopes of 1° to 4°, but obviously they are unable to
attack fresh resistant rock (Birot, 1968).

Aeolian erosion is nearly absent as no cover of lay gravel was
noticed (Burdon, 1959).

Blake and Ionides (1939, p. 105) stated:

the soils of the Hill country are largely derived from the insol-
uble residue after the limestone has been dissolved by the action
of carbonate rain water. Those of hard limestone are ferruginous,
of a deep red color (ferric oxide-rich) and of a clayey nature.
As the rate of weathering is probably about a centimeter in a
thousand years; therefore, the existing soil was formed over a
" long period of time.

Clayey, marly beds (A7, lower B2 intercalations) accelerate the
formation of soils. Chalks (ferric oxidg—poor) and chalky rocks (inter-
calations of lower B2'and B1 Formations) have clayey soil in their
vicinity. All of these so0il types are yellowish in color (yellowish
Mediterranean).

Dominant zonal soil types of East Jordan were classified by

Moorman (1959) into three main categories: sierozems grey desert type,
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steppe yellow typé, and red or yellow Mediterranean -- Terra Rosa type
(Figure 30). The formation of soil type depends on the precipitation
distribution (Figure 3) and the bioclimatic conditions (Figure.6). The
prevailing éoiirtypes in the inyestigated aréa are those of steppe and
Mediterranean. The Mediterranean soils range in color frbm yellow to
red (Terra Rosa). They are found in areas of high:precipitatioﬁ (360 mm) .
The Terra Roéa soil type occurs, in most cases, in the Vicinity.qf lime—
stones, marls, -and cherts. These soils were formed either in situ, on

"rock ledges and cavities, or as alluvial flats along hills &ue to the
action of floods. These residual types of soiiS'are normally fertile.
Geology and green cover are clues fo a soil type in most cases; The
thicknesses of ﬁhe soil profiles depend mostly on the hidden geologic
structure.

The A;horizons of the red Mediterranean soil in the climatic
;zone of an average rainfall less than 600 mm are always calcéreous
4(Figures 3 and.,ISO)° These soils have a large pegcentage of calcareous
clay. Some of the fractured rock .zones could have montmorillonitic
clay and colloidal chlorite which are very hygrophillous and cause
tension effects on rock contacts aftér saturation..

Steep slopes in the study argé (Figure 43, in pocket) increase
the amount éf runoff. The soil profiles, being shallow, cannot retain
the same quantity of water as the deep red'Mediterranean soils. -There-
fore, thése red, soils tend to be éxtremely dry by May or June. The deep
soil section,.however, is éﬁie'to retain a considerable quantity df '

moisture (Meorman, 1959).
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Alluvial soils are very young; they developed on flood plains,
on beds of wadis, on some terraces, and‘along drainage ways. They are
found all over Jordan, along the streams, but-seldom cover large areas.
The. investigated area has scattered soil patches of various
depthe (Figure 43, in pocket). Most of these soils are of the Terra
Rosa type. Four samples of the Terra Rosa 50115 were chemlcally
analyzed (Table 3)°1n order to dlscover the main constituents of these
soil types. Ten to twenty percent of these soils were lost by ignition;

therefore, the soil can be described as organic (Figure 54, p. 103).

The fills of the study area consist of recent, pooriy cemented
debris mixture with a clay and lime matrix. They are thin and thick
deposits of alluvium. They sometimes heve silt, clay, sands, and
conglomerates (limestone pebbles and cobbles with chert chips). The
broken cherts are found where the original enclosing chalk marl has been
eroded. These alluvial deposits were probably transported from the
neighboring highlands. @ Fills differ in compoéition and thickness from
one location to the other. An alluvium profile (Figure 31) was compiled
from the boreholes drilled along the Seil course. The thickness of the -
alluvium varies along this section (Figure 31). Geologic structure and
rock types play their role in determining the thickness of these fills.

These sediments form either wadilfills, terraces, berms along
perehnial, or intermittent streams. 'They_are observed'alohg Abdoun~Seil-

wadi, and Wadi Saqra-Haddada (Figure 43, in pocket). Thin veneers of



Table 3.

passing 100 mesh.

tages.

laboratories of NRA, Amman, 1970.

Oxide Percentages in the Red Mediterranean (Terra
Rosa) Soil. -- Soil samples were pulverized to
Oxides were calculated in percen-
Chemical analysis was carried out by the

Sample No.
1 2 3 4
Silicon oxide (SiOZ] 55.63 54.83  40.42 43.50
Ignition loss (organic
- crystals, water, carbon )
dioxide, moisture) | 10.83 11.68 21.52 19.75
Aluminum oxide=(A1203) 16.41 16.41 11.53 12.53
Ferrous oxide (Fe203) 3.05 8.05. 5.36 5.55
Titanium oxide (TiO,) 1.29 1.15 0.63 0.91
Calcium oxide (CaO) 1.10 1.20  15.90 0 13.17
Magnesium oxide (Mg0) 0.83 0.94  1.10 1.36
Sodium oxide (Na,0) 0.34 0.32 10.36 0.36
~ Potassium oxide (KZO) 0.89 1.28 1.19 1.i9
Total oxide % 95.86 95.86 95.01 93.32




DFF w ss
s %
[R'
e
¢ /OFFF
3
MM "Fr
M (AUR &&
A% RT
372 * U&S$SK 22
['$
- [ (s % [ CAvadhsT
% &U 2 1 2 UUSL 22
6 2327 22 * U%SL 22
$ MS
$
" A%E& $&
14N 2 UTS$L 22
) [U'$ FOTC I ZH@#! M 1%!!
M 3FF
<I2F
['s 13F
, &% EO1 . & (! 7T # ") (%%$S$ (v "% (< % - $1 << | %& & %% &)%S$



60

£i11 were observed in the wadis of the eastern section of the. area of
stﬁdy. | | |

Man-made fills on slopes, in low topography to level ground sur-
face, are shown in Figure 32. In Figure 33, rhyﬁhmic alluvial deposits
were observed at Jebel El-Qala', where three_obvious cycles {(rhythms)
can be counted. These rhythms can only be formed by floods, due to their
consistency. This rules out the possibility that they were formed by
the Romans who inhabited that location for a long time. Recent, man-
made, typical fill is shown in'Figure 32, near Mua'sher Hospital, where
no rhythms were observed. Consequently, the 10 to 15 meter high terrace
at‘Jebei Al-Qala' (Figure 33) suggests how high the levels of the Seil
and Wadi Haddada water courses were, where the Roman fortress was.built
atop these terraces.

Most of'these natural and artificial fills are normally. covered
by alluvial soils. They are formed from material recentlyldeposited by -
.floods. The‘alluvial soiis are normally so young that no profile has
developed except for very weak horizoné; These soils are limited to
- flood plains{ fiver beas, and wadis. They. are coarse boulde?s,»mi&ed

with fine, silty clay.
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CHAPTER 4
HYDROGEOLOGY

This chapter will deal with the effects of surface and ground
water on the foundaﬁion of the constructions in the city of Amman.
- Problems begin if water is iﬁtroduced into the dry soil'and rock‘masses.

Water level fluctuations and the corresponding changes of pore
water pressure in ‘a desert environment usually cause broblems to the
foundations. Subsidénce and settlement due to the gradual increase of
the éffective stress, following the gradual change in ground water
conditions will be discussed.

Moredver, dangers- of peak-floods, especially those that are
:caused by torrential storms will also be discussea.

It is also of interest to discuss the methods by which the
effluents and disposals are disﬁenséd with. Septic tanks and newly
installed sewers have an effect iﬁ caﬁsing foundation problems in the

city of Amman.

Desert (Sémi—Arid) Environment
The area of study receives 300-350 mm of rainfall which is not
sufficient to recharge the aquifers in the area; Water discharge is
greater than tﬂe recharge, énd the ground water is domestically used,
causing the water table level to ‘decline continuously.
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The water flow of the once-rejected recharge of thé alluvium
aquifer disappeafed invthé Seil Wadi due to continuous increase in water
pumpage, followed by continuous wéter level decline. These new condi-
“tions influence the state of stress in the direct vicinity of the
affected area.
Decrease of pressure head in the lower artesian aquifér,Adue to
continuous pumpage, changes the.stress continuously, but no subsidence
. damage is expected be;ause of the presence of thick massive limestone
beds. Stress-increasé could be eésily carried by these limestone -

beds.

Ground Water Study

The area of study has two main aquifers (water table and arte-
sian). The upper aquifer (water table condition) is formed by the wadi
alluvial deposits, lower B

and the A, Formations. These three types

2% 7
of sediments are hydréulicallx cohnectgd (Figures 34 and 35) due to the
continuous fracturing of the lower B,, the direct contact’bf the iower
BZ’ and»the overlying gravel, and the thinning oqt'of the thickness of
the B, Formation (15 meters thick), " These factors make_it;easy for the
water of the three systems to interconnect and form one hydraulic bbdy
(Figure 35). |

| The lower (artesién) aquifer is comprised ofithe‘A4 Fofmatioﬁ
(Figure 36). This formation éropﬁ out at the westefnfﬁOéf side of the
Amman syncline.. The A4 Formation_outcropg a?é tﬁe pnly inlets of'direct

recharge into this artesian aquifer.
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1The water of.the gravel aquifer is contaminated with the
effluents of the septic tanks and the waste waters of factories, .
garages, mosques, crop markets, and the sinks of the downtown area.
Depth to. water table in downtown Amman does not exgeed S.O meters
(Table 4). |

The A4 Formation forms a locally and domestically'impprtant
confined aquifer, where it crops out at the farthest wesfein limb of
Amman-Zerqa syncline (Figure 37). Water front moves through iﬁ eastern -
and northeastern trends, following the regional,dip; then along the
synclinal-water sink structure, where the aquifer is artesian in most of
the area (Figures 34, 35, and 36). Theiﬁiezometric head is usually
sufficient to pro&ide flowing. wells. Indirect recharge to this aquifer
may take place through the major fault zone from the -leaky overlying

A7 Formation.

- Surface Water Study

The important items to be discussed here are the estimation of
. the probable peak discharges, and the flood volumes. As floods might
cause damage to the city of Amman after a heavy rainstorm, the availa-
" bility of adequate flood records is essential for construction design.
Frequency analysis and design flood’hydfographs can be derived :
from the available flood récords.
The area most sensitive to flooding in the city of Amman is thezj
Abdoun-Seil region, where water damage can occur when Wadi Abdoun and its
tributaries are flooded CFigure 38). Wadi Abdoun is uﬁgauged, SO no

records are available; therefore, the synthetic unit hydrograph



Table 4. Locations in Downtown Amman where Ground Water Problems
Emerge, During and After Construction Procedures. --
After Natural Resources Authority, 1972b.

Depth to o
Water Elevation co Qrdlnate
Location (m) (m) North ‘East

The Automatic

Telecommunication

Building 4.3 756.7 ‘151. 351 238.033
Jordan Restaurant 3.0 755.6 151.273  238.900
The Amman Movie : : o

House 3.35 753.6 151.191 238.263
Central Arab Bank 2.0 752.3 151,223 238.358
Al-Hussein Movie

House 3.5 752.7 151.293 238.378

Al-Surocor Restaurant 2.8 751.2 A 151.159 238.391

67



OIF
N% #
uT
a
U
ue
%
, &% E31

%8'#% & )
( ## (1 <<

M 0 M 0
I H
2
uT J ! U
N 2 U%
U
% + W W U
37 U&
W w
% &'
% (& 6 J( % %&S$K
% & & %% &)WS$ " &

0!

+

N2 2
2
22 :
2
A2 s$U
% &
"0
023C 1

1% &



, &% EL1 % % % ' '&&%( ($ '&#% (- (( %& '(
%)%# %& OF 0230 $& ," (J":(, '& "% $
CE214F 0401C4K1

L &% E21 &% ' & )'$ (&% $% - %& (! & '( ('
" ( (81



70

(formulas reiating hydrographs to basin characteristics) that was devel-

oped by Snyder (1938)1 was used by the Natural Resources Authdrity {(1970)
to develop the design flood hydrograph.at‘Wadi Abdoun (Figure 43, in

pocket). The N.R.A. used the synthetic hydrograph to calculate the prob-
~able peak discharge and the flood volumé of a certain return period.

This method was applied to Wadi Abdoun, which encompasses 65.4
square kilometers., Wadi Hanhutiya and Wadi Jahara are the two main
drainages that flow'intb'Wadi Abdoun at Station 1 (E326.9, N150.62).
Station 1 forms the 6ﬁ1y outlet of the Abdoun discharge into the city of
Amman. This station éan be used for flood warning purposes. -

The return periods chosen for-the‘design study of an adequate
fféquency analysis were the 10-year and 100-year sform periods. If the
total runoff to rainfall pefcentage (11.0%) -is correct (estimated by
Bldke and Ionides, 1939),'aﬁd the direct runoff is about 5.5%, the cal-
culated results of the Synthetic-ﬁnit Hydrograph at Station 1 of Wadi

- Abdoun, that were calculated acéordingly, can be shown in Table 5.

With ' this information, cui#erts and water structures could be
designed. The.simplest design formula fbr such small hydrologic reaches.
- was introduced by Linsley, Kohler and.Paulhus (1958) :

The most widely used design equation for small basins is
given by the 'rational formula' '

= CiA
Q, = ¢

where Qp = flood discharge (square kilometer-millimeter per
' * hour),

1. Snyder (1938) formulated his equations by determining the
time of the peak, the peak flow, and the time base on condition that the
runoff volume under the hydrograph is equal to 1.0 inch.



Table 5. Results of the Synthetic Unit Hydrograph at Station 1 (E 236.9, N 150.62) in

Wadi Abdoun. -~ After N.R.A. (1970).

The mean annual runoff at the same loca-

tion is 1.71 million cubic meters and the total rainfall is 31.1 million cubic

meters (mean annual rainfall i

ratio.

s 475 mm), that is, 5.5% runoff to rainfall

.Storm Return

Flood Hydrograph

. .Unit Hydrograph

Volume of Flood

Period Rumoff Peak glschg?ges : Peak g;scharges ' :
. (Years) (%) (m~/sec) - (m”/sec) (million m™)
10 - 100 64.6 21.9 0.954
(No Storage) ' (Area under ”
Theoretical Curve = 10.6 cm™)
10 : ' 20 12.9
100 100 94.0 21.8 3.17
.(No Storage) : (Area under 2
Theoretical - Curve = 35.2 cm”)
100 45 42.4

TL
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C = ratio of the theoretical absolute peak (100% runoff)
to the actual peak (or total runoff/total rainfall
C=1.0),

i = average rainfall intensity (millimeters per hour),
and

A = area of the structure (square kilometers).

An additional factor of safety should be used\%o Safeguard any
over- or underestimated assumption in the preceding formulated calcula-
tions. This is in addition to disregarding the discharges of two addi-
tional drainages downs tream in Station 1. This is té avoid the undér—
estimation and underdesigning of downstream construction. This fact was'
observed in the Abdoun-Seil culvert cover, when the cross-sectional area
of the culvert was only sufficient enough to allow approximatély one-
fifth of the peak :di.scha/rge in 1970.

' leumes of flood water weie greater, in some years, than the de-
éigned culverts allow pass. Compliqated flood conditions toék place on
April 3, 1970; inundating the Seil-Abdoun cover culvert. The estimated
peak dischérge of this flood (90 mS/sec) was determined at a site near
the Municipality in downtown Amﬁan. The lifetime flood of Wadi Amman was.
estimated at the same site at 82 ms/sec by Blake and Ionides (1939). Due
to poor design, the Seil-Abdoun cover culvert failed to pass the 90 ms/sec
flood peak. ‘Goods worth millions of dollars were lost. Overflooding was
also due to the blockage of the narrow middle section of the culvert by
the debris and the junk. " In such é flourishing city,'with such héctié
conditions, thé cérrect-eStimates and right judgments should be practiced'

by the engineers and the scientists in charge.
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Shrinkage due to drying of the soil cover (Figure 39) might
increase water pefcolation, and make it,easief for water to reach the
underlying strata. .This phenomenon will increase the probability of the
underlying marls or claystones to get saturated and swell, where condi-
tions are suitable. Moreover, a décrease in the resisting forqes.of the

fractured rocks might occur.

Septic Tanks and Ground Water Pollution

It is important to know how the city of Amman rids itself of the
effluents, as these fluids percolate frdﬁ the septic tank through soils
and fractured rocks; causing them to become»wéak.' The usual method for
initiating a septic tank in the vicinity of the foundation in the city
of Amman is to dig a relatively sizeable pit, curtain ifs walls with
pigeon-holed concrete walls, and then cap it with reinforced concrete.
Pigéon—holing of the concrete,curtains'forms the outlets of the efflu-
ents. 'Thé mechanics of the fluid flow are very simple and take place.
~under the fluid's own head. This head, associated with the negative
pore water pressure, forms a high gradient.across the two média? as the
‘media surrounding the septic tank is unsaturated. The negative pore
water pressure causes continuous fluid flow and its consequent redistri-
bution into the soils' mass.

The numerous and primitive construction of these civic sepfic
tanks constitutes a dangerous soufcé of pollution of the lower BZ—A7
aquifer. The continuou§ redistribution of the fluid forms of these

effluents into the fine-grained,‘clayey formation (B1 and parts of the
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lower BZ) causes the deterioration of their strength and that of the
overlying beds. This leads certainly to the disruption of the foundation_
equilibrium (Figures 40 énd 41).

'Cisterns that are normally carved in the ground in a pear-shaped,
concrete-lined pit also constitute a source of danger to the foundations
by means of water seepages.

This_is in addition to the fact that the water of the cisterns
often becomes polluted by the effluents from the septic tanks, which are

.normally in the cisterns' direct vicinity. |

Sewers should solve these problems along with the use of the
Seil-Abdoun downstream, newly erected, sewage plant. The municipal
activities were extended to'construct a three-phase sewage system, where
most of these problems, except the unforeseen technical failures, will
be -solved with the completion of the planned éewers; ground water

. pollution, slope instabilities, and some foundation problems will also

be minimized.
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CHAPTER 5
FIELD AND LABORATORY INVESTIGATION

The field work bégan with reconnaissance‘field tripé followed by
geologic mapping, where observations were reported, and soil samples and
rock specimens were collected. Survey of the faiiure intensities of the
city of Amman took place latei, when questionnaires were filled out %hen
possible to collect data on the conditions of foundations in different

sectors of Amman.

Survey of Failure Intensities

Foundation failures were mapped through the ébservation of the
number of cracks in buildings. Classification of failure intensities
was based on the number, intensity, and quality of fracture patterns.

Figure 42 (in pocket) shows the zénes of fai1ure intensities in
the city Qf'Amman. These failures were classified into zones of highly
fractured (A), moderately fractured (B), and weakly fracfured'(C).

The highly fractured zones of houses are ca1ied class "A"
(Figure 42, in pocket).r,Class "AM is considered_to oécu# where buildings. -
have ﬁore than six random cracks and the width of each crack is 5-10 mm.
The houses in class "A" zones have distorted doors, displaced plumbing,
and tilted tiles and walls. | |

Failure intensity of class "B'" (Figure 42, in pocket) is found °
in.modgrately fractured zones. It includes houses with less than six
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fractures. Plastered patches and filled fractures were carefully studied.
Surfacial fractures of bad plastering of walls were discarded. Tile
tilting, slight problems of plumbing and window distortions were noticed
in class "B."

Slightly fractured houses are clagsified as class "C" (Figure 42,
in pocket). Class "C" has two fractﬁres or less in each héuse. Cfacking
of outside and retaining wall of yard was-taken into consideration if the
main house was uﬁcracked. ‘Class "C'" was mostly observed in newly built
sectors and in those houses of good building material.

‘Some quarters were not mapped because trespassing was'Striétly
forbidden. Other quarters of the new city were under development and had
no houses constructed there. |

A failure intensity map was completed to cover those quarters
that were approachable and those sectors that were already developed.

Houses under construction were not considered.

Geologic Mapping

Construction of the geologic map‘was followed by rock and soil
sampling and laboratory testing. Detailed mapping on a 1:10,000 scale
topographic map was started in February, 1971.

Review of the previous small scale, reconnaissance, geologic maps
was done. Previous and incbmplete geo1ogic maps (1:250,000 séale) by‘
Quennel (1951), Blake and Ionidés t1937),.Burdon (1959), and Shaw (1948)
were used. Masri (1962j worked on the Amman-Zerga area and made a
geologic map of 1:25;000 which was also used. Picard (1937) pfépared a

1:500,000 scale geologic map of Palestine and parts of Jordan, which was
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reviewed. McDonald and Pattners Hunting Technical Services Ltd. (1965)
preﬁared sets of geologic maps of 1:25,000 and 1:100,000 scales. The
German Geoiogic Mission prepared a complete, 1:250,000 scale geologic
map in 1967.

The previoue geologic mafs and the techniques that were used in
preparing them were studied,‘ The classification and rock type nomen-
clatures that wete originally used by McDonald and Partners Hunting
Technical Serviees Ltd. (1965), and then used by:Masri (1962) were used
in this research (Figure 17). Emphasie was eoncentrated on the geologic
maps (1:25,000) that were prepared by Masri (1962) and Grieger and Tougan
(1963).. The nomenclatures of rock types that were used here depend on
roek units, and capability of stofing water as aquifers. Subdivisions
of groups, formations, and members were adopted (Flgure 17).

A1l the rock units that are present in the area of study were
describedtin Chapter 2 and in Figure 17.  The new geologic map that was
?repared for this study:showed, for the first time, the ﬁ Formation and

1

differentiated, for the first time, between the lower B, and the upper

2

B2 Formations. This is in addition to. the 1310,000 scale map which was
- prepared, for the first time, at such a large scale.

Topographic base maps of 1:25,000 and 1:50,000 scales wete used
to prepare the 1:10,000 topographic map, which was used together with
the 1:25,000 air photos and mosaics for the geologlc mapping of the
study area. |

The final geologic map (1:25,000) and cross-sections are shown

in Figures 43 (in pocket) and 44 (in pocket), which will be of



| 79.
appreciable help to those who like to-carry on in the same field,

especially mapping of rock fabrics.

Structural Contour Map

The top of the A, Formation (Turonian) was chosen'to-reflect the

7
structural attitude of the study area CFigure 45, in pocket) becausev
this formation totally covers the whole area.

The structural contourfmap (1:25;@00) shows a major syncline -
(Amman-Zerqa) that strikes northeast, and controls the ground water
movement in the area. The Amman-Zerqa flexure runs parallel and lies on
the southeastern side of the major syncline (Figure 45, in pocket).

This. flexure constitutes the axis of an anticline, the flat flank of
which dips gently to the southeast, and the steep flank of which dips
steeply to the northwest into the city of Amman. Faults were shown on
the structural contour-mapvwith moderate to slight throws. Minor folds
striking southeast and normal to the synciine axis were also pointed
outl(Figure 45, in pocket).

Most of the foundation pfobiems do occur along the steep flank :

Formation outcrops.

of the Amman-Zerqa flexure, espécially where the-B1

Sampling and Testing of Sbils and Rocks

The thickness of the soil profile differs from one place to the
other. It was found to be four meters thick at N 153.45, E 235.85, and
fifteen meters thick at N 153.20, E 236.10. Figure 46 shows a thickness

of the. soil profile to be about 3.0 meters at N 153.30, E 240.48.
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Deeper 5011 profiles were located around Amman Airport and around the
Islamic cemetery at Um-Sweiwina.

Soil éampling was conducted as follows. A two to thfée foot
-hole was prepared (hand dug). A channel around the soil chunk was
excavated, followed by the trimming of.the sample, when the sample was
slipped into an eﬁptf can. The can was slowly pushed down around the
sample, jgcketing it to the end. The base of the sample was carefully
cut by a flat shovel.. The can was inverted and labelled, then covered
tightly to prevent moisture loss. It was then transported to the
laboratory for testing. |

Sixty-three soil samples (Figure 43, in pocket) were -collected,
twenty of which were tested conventipnally (e~-log P), and forty-three
of~which.were tested inundated (e-t). Testing these soil samples took
. place at the laboratories of the Ministry of Public Work of Jordan. The
réonsolidometer -— Soiltest model -- used for testing is shown in
Figurer47;

Rock chunks wefe collected for testing; as the equipment for
preparationAand testing rock cores was not available. The specifica~
tions of rock chunks given by Protod?akonov (1961) were followed.

Fifty-five rock chunks ~- limestone, cherts, silicified lime-
stones and crust -- were collgcted (height/width f_l;S)Vfrom the study-
area (Figuré 43, in pocket). Testing of these rock chunks took place at
fhe laboratoiies of the Ministryrof Public Works of Jordan. A Forney
Machine of 4 x 1(_)5 pounds capacity (Figure 48) wasvused for testing,

according to Protodyakonov (1961).
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Efforts were made so that the rock chﬁnks ?epreseﬁt all the rock
types dominating the study area, and alllsoil samples represeﬁt the
dominating. soil types (Figure 43, in pocket). .Tﬁe calculatéd parameters

of the tested rock and soil samples are shown in Appendices A, B, and C.

SoilfCanentional Tests

These conventional tests weré conducted either in the field or
in the laboratory. The tests included density, grain size analysis,
Atterberg limits, water content, and specific gravity. These tests were
normally conducted to study the engineefing physical propefties of the
soil and their suitability for construction purposes.

Soil Density Determination. The procedure used in this research

for density (Yw) determination was as follows (Lambe, 1964). A metal
ring was carefully pushed to its upper rim thfough a deep, smootﬁly
levelled surface soil mass. The ring was then removed carefully by a
flat shovei and cleaned. The ring was weighed with its soil content,
then the soil content was pushed out of the ring into a nylon bag for
water content determination. The weight of the soil content was recorded
while the volume qf the ring was calculated; therefore, the natural in
situ dénsify (Yug can be easily éalculated (Table B-3). The dry density
(Y&) can-be obtained from the natural in situ density (yw), if water
content (Table B-~1) is determined, according to the following

Dry Density = In Situ Density (Yw)/(l + Water Content)

Dry densities of the collected soil samples are shown in ‘Table B-3,
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Grain Size Analysis. Taylor (1967) and Lambe (1964) explained

the methods and techniques of grain size distribution curve.analysis,
from which soil types are determined.

Mechanical sieve anaiyseé were rﬁn for the collected soil sam-
ples. Table B-9 and B-10 show that these samples have more than 90%
pagéing the 200-mesh screen. This phenomenon decreases the potentiai of
these soils to collapse, as only the soils that have about 15% clay
content ténd to iﬁcrease the potentiality for collapse (Anderson, 1968).
The low content of clay in avsoil.ﬁeip§ the rest of thé soil particles
to slide on the surfaces of the clay laths, and then fill the pore
spaces, causing a considerable decrease in volume. | |

‘Atterberg Limits Determination. Atterberg (1911) stated all the

soil consistency iimits, proving that consistency limits are inversely
pfoportional to tﬁe degree of saturation of the soil. 'Liquid, flocCu—
lated, and plastic states of the soil are recognized by certain water
contents. called '"consistency limits." ‘The shrinkage diagram (Figure 49).
- shows the change in volume (AV/V) versus the water content, and defines
Atterberg's limits, where five soil-water states exsit. The soil-water
states and ‘limits are shown in Figure 49. Atterberg (1911) defined the
meaning of all these limits and states, which depend mainly on the water
content.

The relationships between the soil-water limits were called
Atterberg indices. . These indices were‘also defined in literature.
Plasticity index, liquidityAindex, and flow and toughness indices help

‘define the physical property of soils.
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The instability of the'sbillis determined by its activity (equéls-
P;I./% passing 0.002 mmj; Soils ha&e the tendency to creep if they héve
higher activity..

The calculated limits of comsistency of the collected soil sam-
ples are tabulated ih Appendii B. The relationship between the liquid
limits (L.L.) and the plaéticity indices (P.I.) of the collected soil
samples is shown in Figure 54 (p. 103) acéérding to Casagrénde {1947).
This diagram also determines the types of the collected samples.

Specific Gravity Determination. Lambe (1964) and Taylor (1948)

showed, in theilr "Manual for Civil Engineers'" and "Fundamentals 6f Soil
Mechanics," respectively, the conventional methods for the determination
of specific gravity. Specific gravities of the collécted soil samples
were tested accordingly. The values of these specific gravities ranged -
from 2.55 to 2.85 (Table B-6), which are reasonable. Specific gravity
values were used in the calculations of the initial void ratios.of th;
bcollected soil samples. Variations in the initial void ratio~ya1ues

depend on specific gravities.

Soil Consolidation Tests

Soil coﬁsolidation under stress is a function of volume decrease -
which causes foundation settlement. Decrease in volume is a function of
change in void ratio (e) which is related to the rate of expulsion of
pore water under stress. Soil compression takes place by instantaneous -
-reduction of the volume of the soil.

Three-dimensional deformation of a soil layer takes place after |

loading it. Terzaghi (1936b) assumed a one-dimensional consolidation o .
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. simplify the complicated, three-dimensional settlement prediction. Fur-
thermore, he assumed: 1) compression is in a vertical direction (one-
dimensional), and so is the water flow (drainage); 2) the soil is homo;»
geneous and weightless; 3) infinitesimals are representative of the soil
mass; 4) Darcy's law is valid, saturation is 100%, and the longest path
of drainage is proportional to the thickness of the consblidated layer;
5) soil grains and pore water are incompressiﬁle, and lateral strains are
equal to zero; and 6) there is a linear relationship between the void
ratio (e) and the logarithm of the applied pressufe (log P).

The prediction of excessive decrease in soil volume® due to load
application by laborétory testing,ciassifies the soil as potentially
' coliapsible.

Disturbance of soil samples causes remolding, followed by reduc-
tibn in Void{iatio; in addition to the distortion of the stress history,
the past pressure; and the decrease of the compression index (Cé). The
slope of the virgin curve (e-log P) will thus be flatter. 'All of the
preceding facts lead to a less predictable settlement.

The collected soil samples were tested by either the douBle con-
ventional (e-log P) or the inundation -(e-t of Denisov) consdlidation
test.

Double Conventional (e-log P) Consolidation Test. The soil sam-

ple was fitted into the consolidometer (Figure 47), as Lambe (1964)
described in his manual for engineers. The state of equilibrium was
recorded,_aftérrthe]complete settlement of the saturated sample of each

stress level at different periods of time. The change in void ratio is a
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function of the change of the original height (2H6) and the final height
(2H) of the soil sample. The final void rafios at each stress level were
calculated. - Void ratios (e) were plotted versus the'logarifhm of the
applied preésure (tsf). At equilibrium state (pofe water pressure equals
A zerb), the e-log P curve ié representative éf the soils'-béhavior. In
addition, the ultimate settlement can be calculated by the use of e-log P

‘curves and the following formula:

__le .,
Pute. " 1T+e, ¥
1
where lde = el - ez,
e. = void ratio at P

1 1°

void ratio at Pz, and

®
it

N}
|

thicknessvof the consolidated 1ayerA(height of the.soil'
sample).

Samples numbered 1 to 20 have been tested conventionally, where
the odd numbers were tested saturated,'and the even numbers were testedl
dry (Figure 50). The calculated soil parametérs from these tests are
‘shown in Table B-5 in Appendix B. The e¥log P curves of Figures A-1

through A-10 represent soil‘samples number 1 to 20.

Inundation (e-t) Consolidated Test of Denisov. The stress level
that was used in this research was 2 tsf, for a period necessary to reach
the.state of equilibrium. This ié_followed by inundation df’the soil.
Then the sampie is left to cohsolidate:for a certain period of time
sufficient enough to reach the final state of equilibtium. 'Reédings were

taken at short periods of time (1-10 minutes). Elapsed time in minutes



%

&% 4F1 % oh'sley

401
%$ %

#6 %S

<

#6

% $

( (

L &

(7%(

(

% "

%

(8



90

was pibttedaversus tﬁe»void ratio (e). FiguresrA-ll to A¥19 show the"
plottéd_curves of the tested soil samples numbers 21 to 63 (Figufe-Sl),
from which the total decrease in the soils' volume (Table B-5) were cal-~
culated.A A few soil samples swelled.under the applied'é tsf stress. The
2 tsf consolidatién stress was.selected to repiesent the estimated ver-

tical stress exerted by the houses of the city of Amman.

‘Rock Tensile Strength Tests
Coates (1970, p..1-41) stated, in his "Rock Mechanics Principles,"

the following:

A test similar to the Brazilian1 tests is conducted on rough
chunks of rock with the only specifications being that L/D
should be equal or less than 1.5 (Protodyakonov, 1961). A

- strength number .is obtained by dividing the failure load by the
 volume raised to the 2/3 power.

This statement can be formulated into the following:

Ts = St = P/Vz/3

tensile strength,

- St

1

where T
8

load in pounds;

V = volume in cubic inches, and

2/3

n

A loaded area of the rock sample = (SJFV§2.

This formula is applied on irregular rock chunks, while

Brazilian tests are applied on rock discs, where DL is equivalent to the

1. Brazilian tests consist of loading a disc of a rock diamet-
rically, to produce a uniform tensile stress over the major part of the
vertical diameter. The average tensile strength is:

T, = 2P/7DL

where D = diameter and L = length.
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correspdnding‘loaded‘area° Both tests give an'appro%imate estimate of
the tensile strength of rocks. The volumes.of the collected rock chunk
samples were determined by water displacement. Each;fock'chunk waé
weighed dry, and hung with a piece of thin wire, then lowered slowly into
a coﬁpletely water-filled vessel. The volume of the displaced water was
measured by means of a graduate cylinder. The volume of the dispiaéed
water is equivalent to the volume of the rock chunk. |

Densities of the rock chunk were calculated also, as weights and
volumes were known. The célculated densities (Table A-3) resemble their
'equivalents calculated by Farmer (1968), which are shown in Table 6.

Fifty—five:rock chunks were collected, and were fested'in.the '
laboratories of the Ministry of Public Works of Jordan. Forney'Hydraulicv
Testing Machine of 400,000-1bs capacity was calibrated on February 16,
1970 (Figure 48). These samples were prepared and tested according to
the specifications established by Protodyakonov (1961).

Twenty-one chert, hand specimens (samples nos. 8, 9, 12 to 16,

27 t6 36, and 40 t0.42) were collected from thé lowef’B2 Formation: Four;
teen Iimestone‘hand specimens Qere collected from the limestone beds of

A7 Formation (samplesvnos. 1 to 7, and 17 to 23). Eight other limestone -

haﬁd specimens. were collected from the intercalated limestone beds of the

lower B, Formation (samples nos. 45 to 52). S5ix silicified limestone

2
~ hand specimens - (samples nos. 53, 54, and'SS) were éollected'from the'
lowermost part of the upper 32 Formation. Three more hand specimens

(samples nos. 24, 25, and 26) were collected from the crust, which is

"~ formed on the.A7 Formation in the southeastern part of 'new'" Amman.



Table 6. Basic Elastic Parameters of Well-Known Rock Types.

Parameter Basalt Sandstone Shale Limestone Dolomite
Modulus of elasticity (E)*  6-10 0.5-8 - 1-3.5 1-8  4-8.4
(kg/cmz) X 105
Poisson's ratio (v)* 0.250 0.250 0.250 0.250 0.250
Density (gm/cc), (y)** (dry) 2.85 2.30 2.20 2.40 2.55

‘Porosity (%)** = . _ ,
(Water of sat./Vol. of rock) x o 0.1-1.0 5-25 10-30 5-20 ' 1-5

Compre551ve Strength (Sc) ***,

(kg/cn?) x 10 | | 15-30 - 2-17 1-10 325 8-25
Tensile Strength (Ts)***, 3
(kg/en®) x 102 1-3 0.4-2.5 0.2-1.0 0.5-2.5 1.5-2.5

~ *These parameters were prepared by Blalr (1955), Coates and Parsons (1966), and Windes
(1949).
**These parameters were prepared by Farmer (1968). -
***These parameters were prepared by Hoskings (1955) on the basis of Sc = K x Tgs where
= 4 - 10. '

c6
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Calculated rock parametefs are shown in Table C-2. Figure 43 (in pockef)
shows the locations of the collected hand: specimens, representing all the

investigated area.



CHAPTER 6

DATA INTERPRETATION

.Soil Parameters

The cdllected soil samples were tested to determine their engi-
neering physical parameters. Sixty-three soil samples were tested to
calculate those parameters outlined in Chapter 5.

The natural dry densities (ydp were found to be about 90 pcf;r
thirty-one soil samples (50% of the‘samples) have dry densites less than
90 pcf; twenty-one of them’have dry densities between 90 and 110 pcf,
and eleven of them have dry densities between~100-and 110 pcf. The
- minimum dry density is 68.6 pcf (sample no. 37 I), and the makimum is
110.1 pcf (Table B-1).

The clay contents of the collected soil samples (passing 200
mesh) are more thanISS% by weight. This fact categorizes these soils as
potentially collapsible; as the optimum clay content need only be about"
15% to act as a catalyst for collapse. Therefore, the saturated soil
that was exposed to stress tends to collapse.

The minimum initial degree of saturation (SO) is about 28.4%
(sample no. 21I), and the maximum is‘abéut 15% (samplevno. 63 I). The
_initial degrees of saturation of fhe tested samples are shown in
Table B-4. If S, is higher than 100%, the sample is disturbed. Tables

B-4 and B-10 show that the pOrosities of the tested soil samples are |
higher thén 40%, except for eight of them.ﬁhich have porosities between .

94
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35% and 40%. Therefore, these soil types have -a high collapse potential
if exposed to stress.

The initial void ratio (eo) of the soil samples was calculétedr
as an important parameter in determining the decrease in volume of a
loaded soil sample in consolidation tests. Thé decrease in volume of a
scil sample is a function of the decrease in the soil's initial void
ratio and the void ratio (e) is a functioh‘of the decrease in the initial
height (2 HO) of the tested soil sample. Tables B-2 and B-3 show that
the minimum (soil sémple no. 2D) and maximum (soil sample no. 38) initial
void ratios are 0.5198 and 1.4082, respeétively. The majority -of the
calculated initial void ratios range between 0.750 and 0.850. The total
decrease in void ratios (Ae) of the consolidated soil samples ranges
between 0.0105 and 0.0943, underAZ.tsf of stress.  The soil sample that
had experienced the maximum change in void ratio had a high initial Void
ratio and a high natural degree of saturation.

The decrease in void ratio of the §0nsolidated soil sample is
used to predict the total settlement, which is calculated és follows:

- Ae

p_{; (set‘;lement) -'-'-‘ m‘; xD
where Ae = Aed + Aes = total change in void ratio,
Aed = change in void ratio during the dry test,

Aes = change in void ratio during the saturated test,
e, = initial void ratio, and
D = height of the sample.



96

The total settlement (pt) was -calculated from the double conven-
tional (Jenings and Knight, 1956) consolidation tests by the addition of
Pg to g (dry and saturated; Figures A-1 to A-10) of two soil samples
under 2 tsf stress. The same procedure was followed in the éalculation
of the total settlement from the iﬁundgtion consolidation tests that are
shown in Figures A—11 to A-19 (Denisov and Reltov, }961). Thus, the
percentage of the total settlement is: W |

o =pd}o+ps

<
(S

Therefore:

pi% = ( i—éfgl-x D, +-T%§i§— ) x 100

) 0

where Dg4 and D, are the heights of dry and saturated samples, fespec—
tively. Swelling is expressed by a different sign of the calculated '
- increase in volume, as it takes place due to saturatidh at eight a low
or a zero stress level. Tabie’B-S éhows 074 settlement for the loaded
and dry soil Samples,‘and 0 gqt. Settlement for the 1oaded~ana.saturated
soil samples. 0 1d. and P gqt. Were added togetherrtalgive [ (total'
settlement). The calculatéd>maximum-percentage of total- decrease in
volume is 22.5% (sample no. 42 I); and the min}mum is 6.94%‘(samp1e no..
.25 I). In addition, the volumes of samples nos. 18 D,‘25 I, ahd 34 1.
did increase due to swelling and saturation, in spite of their being
loaded. The decrease in volume of twenty~six of the tested soil sémples
was higher than 10%, fourteen of them had a decfease higher than 15%, and
five had a decrease higher'than 5%. As a result; thirty-one of the

soil samples had their volumes decreased more than 5% under 2 tsf stress
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and'wéré consolidated either by a conventional or bf an inundation |
method. | |

Foundation problems related to collapsingvsoils were disépsséd
by previous researchers. Platt (1963) summarized the causes of sub-
sidence as those resulting from compactiqn, swelling, water table decline .
and tectonic éctivity. Benites (1968) and Anderson:(1968) explained the
“theorétical description of a collapsing soil as a result of théir-work>-
on soils from San Pedro Valley, and around the City of Tucson in Arizona,
and San Joaquin Valley in California, where there are classical-col-
lapsing types of soils. Settlement rate was measured at 5 ft/year uﬁon
.inundation of land or water ponding, in San Joaquin Valley (Anderson,
1968).

Collapse potential of soils is governed by their structure,
which depends on'the soil moisture and stress-strength state of.equilib—
rium, Anderson (1968) and Abdullatif (1969) mentioned that a collapsing
soil is geologically recent, underconsolidated, unsaturated, and of
eolian, colluvial, or residual origin. It has about 40% porosity; its
optimum clay-contenf is 15.0%, or greater; its shear strength is low
upon saturation. Presence of clay contents increases its collapse poten-
tial (Knight, 1961). 1In addition, collapse potential ekists in dry,
inundated, or dewatered, shallow and deep soil types. Collapse,fotentia;
‘is a rapid and appreciable volume decrease upon loading, wetting or both.
Strength-wise, the collapsing soil suffers a kind of failure fhat
requires the ovefcoming of internal friction on incipiént surfaces of

failure. Either decrease in volume or settlement percentage upon 1oading
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and satﬁration, or both, was considered as the best indicative parameter
of collapse potential, as shown in Figure A-1 to A-19 and in Table B-3
(Denisov and Reltov, 1951; Jenings and Knight, 1956).

Plotting the percent of decrease in volume versus the numbers of
the soilvsamplesv(Figure 52) indicated that the soil samples that were
collected in winter time had a higher decrease in volume thén those
collected in summer time. This phenomenon can be explained by the higﬁ
clay content which causes the increase in void ratios upon éaturation.

The critical‘limit of the decréase in voluﬁe is considered to be

% (Figure 52), because houses start to have a high rate of settlement
at this percenf level, and different settlements might take place above -
,tﬁis 1imit fpr the soils that have high collapse potential. The 6%
decrease in volume was thé limit for considering a soil to be of a:
cqllapsing type in the City of Tucson, Arizona (Abdullatif, 1969).

Figure 52 shows that 52% of the tested soil samples have their
decreasé in volume higher than 6% upon consolidation by either conven;
tional or inundation tests, under 2 tsf stress.

Moréover,'the following.collapse indicative parametefs depend on

the consistency and the degree of saturation of the soil:

1. Denisov and Reltov (1961) used the collapse parameter (K) to deter-.

mine the tendency of a soil's potential to collapse as follows:

Gs.x Wzg e

K = _ 48
: e e
o 0
where Gs = specific gravity,
W, , = water content at liquid limit,
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e, = initial void ratio,
€rp = void ratio at liquid limit, and
C = = 9
GS X sz = S (= 100%) x €)9°

If K < 1.0, then €ip < € and collapse potential is high. Table

B-9 shows the values of K of the tested soil samples, which
indicates no potentialjfor collapse -as (elz) is higher than
(eo);

Gibbs. and Holland (1960), and Gibbs and Bara (1967) modified R,

whererwzzis higher than.20%, as a collapse potential indicator,

as follows:-

/v - (/6

R o =
29>20% ', Wy,
where Yg°= Yw/(l + WO) = dry density,
Yp = wet density, and
Wo = initial water content.
If R22>209 > 1.0, then collapse potential is high. Table B-5

shows the values of R which indicate that there is a high
collapse potential. Gibbs and Bara developed the curves in
Figure 53, where all the points that fall below these curves
(specific gravity'2.6 to 2.7) are of low collapse potentiél,
which the collected soil samples have (Figure 53).

Priklonskij (1952) proposed Kd as an indicative collapse param-

eter as follows:

=(W

Ky op - W /PTL)
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where P.I. is the plasticity index. Prinklonski stated that if
Kd is negative, the soil isvtending to-collapse, but if it is
> 0.5, the soil is stable, and if it is > 1.0 the soil is of a
| swelling type. ;Tables_B—4 and B-5 show that the tested soil
samples are either stable or of swelling soil types.‘ | |

Skempton and Northey (1952) depended on the liquidity index

parameter (Iz)'to determine the probabilities of soil collapse
potential, especially in saturated clays, as follows:

I, = (W, - Wp/L.L.)

where W? is the water c&ntent atAthe plastic limit. 'Skempton
and Nofthey stated_that if I, is > 1.0, the soil tends to
collapse (soil sensitivity and collapse potential are directly
propgftionai with I2)° Table B-9 shows that the testedAsoil
samples have either negative or X 1.0 values, which indicate
that collapse potential is low.. |

Feda (1966) uses KQ as his collapse pafameter; which is modified
after Izz

. (wo/soj - w?
[ P.I.

where SO = initial degree of saturation. He stated that if
Kl > .85 and SO < 60%, then collapse potential is high. Table
B-9 shows that fhe values of KQ of the tested soil samples are

either negative or < .85, so potential towards collapse is low.

Plotting the plasticity indices of the collected soil .samples
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versus their liquid limits (Figure 54) indicates that these soils
are of organic and inorganic types of silts and silty clays

(Casagrande, 1947).

A summary of all the calculated collapse parameters isishown in

Table B-5. These collapse parameters show how high the soils' potential
is to collapse. Moreover, the numbers of the tested soilrsamples”were
plotted versus the numbers of the positive collapse parameters  (Figure
55). Five positive collapée parameters-dut of the calculated ten were
considered sufficient enough to classify the soil sample as having a
considerable collapse potential (Figure 55). Forty-two percent of the
tested soil samples have either five or more positive collapse parameters
which indicate that these soil types shouid be tested for their physicél

properties and strength before construction design begins.

Rock Parameters

Rocks tend to resist failure under any applied stress less thaﬁ;
their tensile strength. Failure in.tension (most critical) takes place
because the maximum principal stress is directly applied to the tested’
rock sampie,.and_failure occurs when the minor principal étress (tensile
stress) reaches some constant value, regardless of the value of the
other principal stresses (Coates, 1970). Internal crushing takes place
at higher confining pressure and high normal stresses. This phenomenon
accounts for the éhange in the strength relations. If the stress concen-
tration is equal to the tensile strength of a rock sample, crécks will

‘be extended. As the length of the crack transverse to a tensile field
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stress increases, the stress concentrations become greater, and the
propagation of the crack will lead to failure. Griffith's Sfrength
Theory has beeﬁ substantiated by experimental work-on glass (Coates,
1970). |

The apblied vertical compressive stress is concentrated in the
centér of the specimen, with the horizontal stress being tensile across
the width of the stressed specimen. Vertical cracking in the mid—seqtion
is consistent with this stress distribution, although wedge action
splitting is observed after failure starts at a point. Cracks would
induce horizontal ténsion at their boundaries. This could propagate
into vertical failure planes, alopg_which the strength of the rock will:

" be mobilizea. It»is'probable that brittle material has faiiﬂrerinitiated
at certain points'due to stress concentrations that propagate into
progressive failures.l Stressed brittle focks often show a decrease in
strength‘which is'aésociated with an increaéé in volume. AMdrgover,
slight imperfeétion, weaknesses, or inhomogeneities can also initiate
failure.

Tensile strength could be easily determined by Brazilian tests
on a disc, but Protodyakonov's (1961) test was used to ‘determine the
tensile strength of an.irregular~rock cﬁunk.’ This test Was used in this
research to test the fifty—five collected,rock chunks of thé area of
study. Rock sémples were prepared, labelled and teéted.' The'caléﬁlated"‘
strength paramefers.of the hand specimens (Figure 43, in pocket) are
shown in Table B-1 to B-10 and Tables C-1 and C-2. In additioﬁ,‘volﬁmes,

weights and densities were determined (Table C-1). Rock samples nos; 1
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to 7 were limestone of the A, Formation that outcrops in El-Queisme

7
north, El-Madwar and the region of the Amman Civil Airfield. _Rock:
samples nos. 8 to 16 were cherts and silicified iimestones of the lower

B2 Formation, from the regions of Esh—Shmeisani, Jebel El-Lweibdeh Eéh—
Shamali and the Sports City. Rock samples nos. 17 to 23 were limestone -
of the A7 Formation from the vicinify of Ras-El-Ain quarry (Figure 43, in
pocket; and Figure 59, p. 115). Moreover, rock samples nos. 24 to 26 were
crust which "onion-shells'" the vicinity of El1-Queisme region. The rest

of the collected rock samplés. were chérts, rock phoéphates, and silici-
fied limestone§<of the B, Formation, céllected from the regions of Jebel
El-Hashimi, Ain-Gazal, Mahatta, Marka, and the Amman Airport.  Tab1e 7'V
shows the calculated minimums, maximums, means, variances; and standard

deviations of the dry densities and tensile strengths of the tested rock

samples, where:

Standard deviation '(3) = \

The calculated tensile strengths of the rock substance should be
multiplied by a factor that brings these pafameters down to the actual

tensile strengths of the rock mass and to make up for the calculated



Table 7. Minimums, Maximums, Means, Variancés, and Standard Deviations of the Calculated Densities

(v), Tensile Strengths, and Statistics T-Test of Different Means of the Rock Samples.

Densities (y) in pcf

Tensile Strength (TS) in tsf

Mean

Value S¥* Min.

Statistics
T-Test

153 4.1 14

143 19.3 11

The limestone

of the A7 and

the lower B2

are of the
same popula-
tion.

157.2 19.3 23

113.6 154.1 10.66 10

The cherts
and the sili-~
cified lime-

-stones are-

of the same
population.

12.6 114 3.55 6

143.5 11.9 36

**Standard deviation.

Sample
Type Nos.,
Limestone  (1-7)L
A7 - Fn, (17-23) L
Limestone
B. - Fn. (45-52)L |
2 .
Silicified E;g:%g%g
Limestone (43-44)S
_ : (8-9)C
Chert (12-16)C
B2 - Fn. (27-36)C
‘ (40-42)C
Crust (24-26)Cr
Phosphate
B - Fn. {(53-55)P
2 .
*Variance,

{

801
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high;area'[(sv volume)z], according to Protodyakonov (1961}, of the rock
mass. . This factor should be a function of the fabric of the rock mass;

The limestone of the A? and lower B2 Formations had mean tensile

strengths of about 35 tsf and 39 tsf, respectively {(Tables 7 and C-1).

The limestone of the A, Formation is massive, compact -and high oystrif-

7

erous, while the limestone of the lower B, is thin-bedded and inter-

2

calated with fractured chert beds. ' These natural physical properties

indicate that the limestone of the A7 Formation is much:-stronger than

that of the lower B ‘Consequently, the strength and the bearing capac-

2°

ity of the limestone of the A Formation will be sufficient enough to

7
carry the suggested 2 tsf stress, and the strength of the limestone of

the lower B, Formation (Table 7) is sufficient enough for lower stresses.

2
Otherwise, it has to be locally tested in addition to the recommended
local investigation of the rock conditions. AThe_mean‘tensile strength-
of the silicified limesténe was about 72 tsf (Table 7); therefore, this

| rock type is strong enough to stand the suggested 2 tsf stress, but fhe
réékffabrics should be carefully studied for each-site.A;Thé mean. tensile
strength of the brittle and fractured (Eigure 27) chert of tﬁe lower 32 A
Fdrmation was 80 tsf, which can counteract the é tsf applied stress. - The

mean tensile strength of the rock phosphate of the upper B, Formation was

2
about 42 tsf (Table 7). This rock was slightly fractured and behaved -
piastically under the applied stress. Phosphate.rocks are capable of
standing the 2 tsf stress safely if the rock is-ffesh_and intact, but

where weathering and strength deterioration (Figure 4) take place, the

rock has to be excavated, or it has to be considered as a soil.
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The mean tensile strength of the crust was 9.6 tsf (samples nos.
24 Cr to 26 Cr). This result is biased because the tested sample; were
three only. Crust, in most cases, is -soft and loose due to weathering;
therefore, excavation of all the weathered crust'is recommended. |

Rock strength depends mainly on the natural conditions of the
rock mass, whose stréngth depends mainly on its fabric, which controls
the rate of weathering and strength deterioration. Table C-2 shows that
classification of the rock strength parameters by testing depends mainly
on thertype_of the ‘rock maés. In addition, testing of rocks is used
either for design or rock classification purposes, or for the provision

of a rough index for drilling and grinding purposes.-

Structural Data

The regional structure of the study area was discussed in

_ Chapter 2. The structural contour map of the top A7.Formation (Figure 45,
in pocket), the geologic map (Figure 43, in pocket), and the geologic
cross-sections (Figure 44, in pocket) do. provide the basic data on the

- dominant geologic structures.

These structures can be explained through the configuration of
the regional stress field (Figure 23). Minor southeasterly compressive.
stresses were relieved in the form of minor and successive asymmetrical -
to recumbent folds that.weretconfined to the cherts of the lower B2
Formation.v These cherts. showed rapid changes in their composifion andv
“hardness which allowed the formation of such folds once they were ekposed

to the regional compressive stresses. These minor folds are prominent on.

the wadi sides in and around Amman.  The axes of these folds strike 12° to
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20°, with a folding amplitude of 5 to 15 meters, and 50 to 100 meters
intra—apicés distance (Figure 21). The axial planes of these folds dip
west or southwest.

Monoclinal flexures are the second conspicuous structural features
in the area of study. The Salt Flexure on the northwest and the Amman-
Zerqa Flexure on the southeast embrace the area of study regionally.

.The Amman-Zerqa Flexure fdrms an asymmetrical dominant anticline, whose
axis strikes northeast (Figure 56), parallel to the axis of the synclinalA
‘structure. This flexure (Figures 11 and 56) has a steeply dipping (SOé
to 80° northwest) limb, where moderately elastic. rock types'conétitute
this 1imb. This.phenomenon devéloped as a result of the over-thrust
faults .of the underlying crystalline basement (Figure 26). Therefore,
the younger éoft rock types are'dfaped over the older strong rock types
~(Burdon, 1959). The axial plane of the Amman-Zerqa Flexure dips 45°

~ southeast, and this flexure crosses the city of Amman.from the southwest
to the northeast (Figure 43, in pocket), where it forms (Wadi Er-Riman)
a normal gravity fault along Jebel En-Nasr and near Amman Airport.~ Thié
fault caused the absence of BS Formation, upper B2 Formation, and part

of the lower B, Formation on the up-thrown side, which is due to the

2

structural en echelon- arrangement of the rocks along the steeper flank
of the monocline.

Faults in the area of study are minor (a few hundred‘meters-long)
and of normalkgravity typeé. Moreover, they strike north 5° to 45° east
or west, with épproximaﬁe down-throws shown in Figure 43 (in pocket).

Soil cover and urbanization hide few of these faults. Fault clusters



oocC

L &% 411 "% "%& $ JK '! "% '90Uc& 66 (, ' "% '& "9%$ &#
& 'V ## (<I%&+  %; &% - &< # (3" (,
$ CGO1FF 04014FK1
, &% 431 <A % $#H% & : (, G4Q I i (, ‘& " CE21EF

0GI1EFK1



113
occur iﬁ Jebel El1-Qusur, Jebel Ej—Joufeh,_Jebei Et-Taj, and Jebel En-Nasr
(Figures 43 and 45, in pockét). Some faults wefe located striking |
rgndomly in Wadi Um Sweiwina, Waai Saqia, and- Wadi Abdounf

A major fault (few kilometers long) striking north 45°reast>’
(Figure 57) was located in the El-Queisme area, where it extends for
about 3 kﬁ, and forms a distinguished structural feature that éhould be
taken into consideration if the perimeter of the city is decided to be
extended by the Muhicipality. |

Foundation problems were located along the steep dipping limb of’
the Amman—ZerQa Flexfue. These foundation problems are‘conspicuous
where the marls of the B1 Formation outcrop and form the foundation of
fhe constructions (Figures 56, 58, and 59). The attitude of these rocks
is also responsible for local slope instabilities,lin addition to the
undercutting pf slope toes along minor faults.(Jebel El-Joufeh and the
New Produce Market, Figure 58). Along the steep flank.of the Amman-Zerqa
Flexure, Jebel El-Joufeh is less stable than Jebel El-Ashrafiyeh, where
the beds are of better attitude and the Bl_Formation is overlain by the
.lower B2 Formation, while Jebel Nazzal and Jebel El-Akhthar are of
unstable attitudes because they have the same geologic structure as Jebel
El—Joufeh; However, Jebel Et-Taj and Jebel En-Nasr El-Janoubi have the
same properties as Jebel El-Ashrafiyeh, where the rocké' attitudes and
types make the resisting forces overcome the. small driving forces'of the
slope. ' , . .

Figurés 59 and 60 show an inactive landslide at the bottom of

Jebel El-Joufeh, which is a result of the attitude and the fabric
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(faulting) of the rocks of the lowerﬂB Formation along the steep 1imb

2
of the Amman-Zerqa Flexure (Figure 43, in pocket). It was’ thought that
the. slide moved as a wedge undeéer its own weight, on the upper surface of

the marls of the B, Formation during or after an intense rainstorm.

1
Mappiﬁg faults near the slide leads one to think about the main responsi-:
bility of these faults for fhe landsliding. Slickensides were observed
on the A_/.—B1 Formations' contact in Jebel El-Joﬁfeh, where the crecentric
outline of the slide scar (Figure 59) can be cleéarly observed.

Major folding in the study area consists of two sets. fhe first
set.is formed of an asymmetrical syncline that rﬁns parallel‘to the
flexural anticline (Figure 45, in pocket), where_the syncliné and the
~ anticline extend from Jebel.El—Akhthar and Ras El-Ain area, through Jebel
Nazzal, Jebel El-Ashrafiyeh, Jebel El-Joufeh, and Jebel Et-Taj, and then
catch up along a ridge of mountains that extends along the éouthern
side of the Amman Airport.

The northwestern limb (5° to 10° southeastern dip) of the asym-
metrical synclihe is a pért of the southeastern flank of the Sweileh
Anticline, thch is a part of the Salt flexural anticline (Figureé 25
and 26). The Abu-Alanda Anticline, which strikes north 60° east (Figure
45, in pocket) is a part of the flexufal anticline, and runs pérallel to
a éyncline,that takes place between Abﬁ—Alanda and El-Ashrafiyeh. This
syncline also runs parallel to the E1l-Queisme fault (Figuré‘4§, in
pocket). At right angles to these majéf folds, minor.féld#‘wére located

(Figure 45, in pocket).
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The second set of folds in the area of study is formed of syn-
cline that runs along Jebel El-Hussein northwest to the Sports City, and
an anticline that runs along Esh-Shmaisani and Jebel El-Lweibdeh Esh-
Shamali (Figures 42 and 45, in pocket).
Foundation,pIObleﬁs were spotted either in connection with fhe

faulted rock types or with the soil types filling the synclines.

‘Foundation Failure Correlation

‘Foundation problems in Amman are attributed to its unsuitable
location. Water was the primaiy reason for sélecting that locatién. On
the other hand, topography; foundation condition; and city planning were
not thought of. ﬂ

Foilowing the usualvpaftern,'the people started extending con-
struction from the old city (as a downtownj and éutwards into the
suburbs. The bulk of the city of new Amman wés constructed in a rela-
tively short period of time (Figure 7); therefore, time was not’availablé
for proper site investigation, site location and city planning. The
rapid and confused evolution of Amman cén easily be observed in the sec-
tors inhabited by working class citizens. These people'have older and
lower quality buildings. No consideration was given to foundation condi-
tions, slope crests, probability of leaky septic tanks, water mains, or
poor drainage systems.

The design to ''flood proteét” Amman was inadequate. Therefore,
structures in the Abdoun-Seil area were thieatened by floods. The Seil-

cover culvert has not solved the flood problems.
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VThe density of the overpopulated sectors of downtown Amman is
higher on the mountain slopes (Figure 58) than on the flatter regions.
In addition, septic tank problems are concentrated in the deﬁselx popu-
lated areas, with the "effluent leaks at higher rates due to the nature
of the rocks and slope steepness. But, the Municipality of Amman has
begun installing sewers which will end the sepfic tank seepages which
used to_accelerate the deterioratidn of the rocks' and soilé' strengths
(Figures 40 and 41). In addition, :the MUniciﬁality started to plan for
the building of new suburbs. and the education of people regarding fhe
quality of building materials, foundation technique, and sanitétipn=
problems. | |

The use of residential buildings for schools and public-dffices
also caused a problem, as the building live load exceedea the design
capacity.

The streets of Amman were constructed with small manhples and
Asmali culverts which were inadequate for drainage purposes. Moreover,
_these streets were hastily cdnstructed without installing sewers and
water mains;'telephone cables, or electricity cables. Later, it was
_decided té redesign these streets by digging ditches and laying cables,
sewers, and water mains. The fedesignrdid hurt the houses in the
~vicinity of the streets with ditches (Figure 14) as reorientation of
stress.field takes place, due to the disturbance of the‘natural‘cqndi~
‘tions of the rocks and soils. This is in addition to soiifluction and
thixotropy of the saturated marls and'thevmarly limestones due to their

increase in void ratio which follows the disturbance of soil structure.

.
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These phenomena cause troubles for hedvily travelled streets. Swelling
of montmorillonitic soils (Figure 61) showed a considerable stress on
retaining walls and tiles. Tested soil samples (Table B-2) swelled under
a 2 tsf stress. Then, swelling soil type could exert a 2 tsf stress or
more on foundatiohs if they are saturated. Poor drainage (Figures 8, 62,
63, and 64) and water infiltration into red or marly soils:provide
saturation that causes swelling. Swelliné soil exerts stress on objects
in contact. In addition, hidden cavities. or hidden fractured Tocks
(Figures 65 and 66) increase porositieé that cause water to stégnate and
cause swelling. |
Ignorance of the geology of the area and the nature of soil and
rock .types led people to. erect buildings on steep slopes (Figures 58 and
.67), on cavernous rocks (Figure 65), on fractured rock5~(Figures 27 and
66), near flooded areas (Figure 38), on poorly drained red Mediterranean
soils (Figures 62 and 63), that shrink polygonally upon~drying (Figure
39), on weathered phosphates and crusts (Figure. 43, in pocket), and on
.. the weathered chert beds (Figure 68). Figure 68 explains the occurrence
of differential settlements due to the gradation of the hard rock to the
soft soil, that settles faster than the rock upon equai stress application.
Concrete mixes as building‘materials proved tb«have_about 4% of »
chert as aggregate that probably could form silica gelé with the locally
manufactured alkali cement (7.2% alkali). ©No chemicals wefe'used‘to
stop the reaction between the alkali cement and the chert.
The quarries within the city limits caused problems, due to

slope undercutting followed by disturbance of the equilibrium of the
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‘stress field. Landsliding‘and rock sampling. (Figure 67) were recorded
in January, 1972.

Dense traffic, heavy loaders, ekcavators,.jet planes, and

blasting also caused,foundation problems. These were due to cyclic and>
.monotonous wave energy effecté (léading), especially on loqations where
ﬁhixotropic and "soliflux-potential" montmorilionitic saturated marl
occurred. | ’

The regional effect of seismic activity had been attributed to -
the seismicity located albng the Jordan Rift:Valley, where an "earthqﬁake—
prybable" focus has a bearing on the foundations in Amman (Figure 69 and
Table D-1). Another earthquake.belt that pésses fhrough Cyprus-Aieppo _
(Syria) to the northern Iraq and Iran frontiers could also affect Amman.
Figure 69 shows the effect of an earthquake (July, 1927) qn‘Amman, so as.
to show that the earthquake factér should be incorporated in the overall
deéign safety factor after tésting the geophysical properties of the

~local rocks. Table D-1 shbWs a listing of damaging earthquakes.whicﬁ
, héve affected the Amman area. |

,This:research was designed to investigate fhé.natures of rocks
and soils and their effect on the potentiality of foundation failures.
Therefore, failure iﬁtensities (Figure'42, in'pocket); géologié mapﬁing

. (Figure 43, in -pocket),. and structural contour mapping (Figure 45, in
pocket) were prepared before soils wére tested to discover the soils!
physical properties and to calculate the soil;' indiéativé épllapse |

. parametefs (Tables B-1 to B-4). Rocks were also tested for their-tensile'

strength (Appendix C).
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. CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

Conclﬁsions

Amman was built in a relatively short period of time withoﬁt pre-
vious planning and consideration to location, topography, or geology.
The geology of Amman is partly responéible for foundation failures. In
- addition, construction quality and design, building misuse, weak soil
structure, leaky septic tanks, surface watef effect on erosion, traffic
density, blasting in quarries, and undercutting in slopes also contribute
to foundation problems.

The failure intensity map shows that failures occur in the -
direct vicinity of geologic weaknesses, weak soils, steeply dippiné rock
"beds, highly fractured cherts, and on folded and cavernous io;k forma-
tions. Failure also océurred as a result §f old and poor quality con-
‘struction. Concrete walls were more fractufed than others, because the
coﬁcrete mixes contain more than 5% éhert and reactive alkali cement.

Failures clustef around leaky septic tanks, water and disposal
mains, and along the Amman;Zerqa, steep;dipping flekure bank, along which
landslides and rock slumps similar to. the old inactive landslide above
the Roman Amphitheater and the huge rock:slump at Jebel En—Natheef.
Thgse might occur if a continuous rainstorm or a considerable peak flood
takes place around the‘geologically hazardous sectors of Amman.

127
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Arid climate and torrential rainstorms accelerate soil erosion
and weaken the foundations due to consecutive shriﬁking and swelling.
. The rise in flood levels due to the blockage of culverts and sewage sub-
linings diéturbs the natural condition of foundations due to the intro-
duction of water to the system, followed by stress reorientation. Cracked
houses weré-also mapped within the usually flooded.areas of downtown
- Amman. .Nd failures were observed in areas -of massive and continuous
rock beds, but failures of houses were observed where folded, fractured,
and cavernous rocks,'fault-zones{ and swelling soils and marls occur.
Weak rocks such as crust and weathered phosphates have moderately frac-
tured houseé built on them; therefore, these kinds of rocks. enhance
failures. |

Soils form sections of 1-15 meters thick. They cause most of the
severe cracking in areas of horizoﬁtal topography. Tiited sidewalks and
- tiles were observed due to the presence of swelling soils that have weak
structures. Fifty-two pefcent of the consolidated soil samples had > 6%
decrease in volume undéf 2 tsf stress. Forty—ﬁwo percent of these soil
samples have five positive‘collapse parameters (out of ten).. This means
. that soils have to be tésted'before design for any conétrugtion.

.Geologic structure in Amman is associated with the regional
stfucturé of the Jordan Rift Valley, where tectonic movéﬁents‘and earth-
quake centers have been_lOcéted. Investigation and questionnaire infor-
mation revealed that old houses did suffer cracking due to previous
seismic activities, especiélly in 1927, _Foundétions in Amman are

expected to be affected if such activities are rejuvenated.



129

The means of the tensile strengths of all the tested tock types

of Amman were determlned followed by stat15t1ca1 T-tests of these

different means. - The T-test proved that the limestones-of the A7 and

the lower B, Formations belong to the same population; the cherts and

2

the silicified limestones of the lower B2 Formation belong to another

population.

Recommendations

This research was the first to be seriously conducted in this

. field in Amman. Therefore, further research and investigation in the

same sphere might reveal more facts and improve the already concluded

results.

. L.

It is recommended to:
Underfakevfuither detgiled geologic méppingJOf the hazardous
seciors of Amman.. B . |
Conduct éareful analysis of thé'slopes at Jebel Ej-Joﬁfeh, Wadi
Suroor, Jebel Et-Taj, Jebel El-Qala', Jebel En-Natheef, and

Jebel Nazzal.

Undertake further detailed mapping of failure intensities in all

Amman and analyze them statistically.
Adopt immediate slope stabilizing remedies for Jebel En-Natheef,

Jebel Ej-Joufeh, and Wadi Suroor.

Use chemicals to neutralize the~reactivity of alkali cements.

Construct a soil isopach map by means. of drilling, trenching,

_ipitting; or geophysics under the auspices of the Municipality of

Amman, and site investigate for soil pockets, caverns, or gouge

. Zones.
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11.

12.

13.

14,

15.

16.
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Test the soil and calculate its collapse—indicatiye parameters
before design énd after site selection.
Investigate construction sites and see if faults, steep dips,
steeprtbpography, leaky fluid containers, and highly populated

areas where high traffic density is present to design for their

- future effects on constructions.

Excavate weatheréd crusts and phosphatgs,.otherwise design fgf
them as if they were soils.

InvestigateArdck fabrics prior to construction,as,it is crucial
in a case where construction is.to be erected on steeply dipping
rock slopes or highly fractured rock types. . |
Cease the use of cisterns and septic tanks, otherwise waterproof-
their inner walls which should be strictly investigated.

Select the Building material carefully to avoid higher chert
percentage in the:concrete mi&es.

Stoﬁ undercutting of slopes, ban quarries within the limits of
Amman, and relocate Amman Civil Airport outside the city limits.
Improve control of peak floods in‘downtoWn Amman, and plan a

terrace system to prevent further erosion of soils and fine

materials.

“Uée buildings according to the purpose-for which they were

designed.

:Prepare a complete geologic report, including the conditions of

the soils and rocks, on the foundation of all selected-sites.



17.

18.
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Inspect workmanship and apply a follow-up program according to
which design specifications must be precisely executed.
Start using.fhe knowledge and experience of geological engi-
neers wHo must be consulted and share with thercivil.engineers

their reSponsibilities in city planning of Amman.



~APPENDIX A

BASIC SOIL DATA CURVES. OF THE TESTED SOIL SAMPLES
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