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SETTLEMENT EVALUATION OF
POMISE MOSQUE AT ADEN - A CASE STUDY

Faisal SHAMSHER' Hayat ABOOTY
TAsst Prof, EEnﬁim. Civil Eng. Depa., Faculty of Eng. Aden Univ. | Yeme

Abstract: The gresent paper discusses the cose study of o mosque st cocupied an wre .
B22m" and conesied of a singhe story. Buming the usz of the mvosque for 15 venrs, cracks
place a5 minor then widened and increased, cucessive setflemens sook place, In 195 <=
modque was demolished and reconstruction cormied oul. An attempt has been made @ = 5
and snalvie this cast in depth. The study i hased on 1, Obseration of the ks, &+
mvestigation and ¥ Study the design of the. emolished mosque. The sracks appears: 1
Worizantal, diagonal mnd of dangerout tepes. | or sl invessigation, thiree- bore hales
were made up w0 4 depth of 3.25m i the-siic of the Jemolisted mosqne The sl
sope. The evaluation and sudy of the case' und that the desiz o7 the founda
inadequuie heaning on wall scting as m retainung wall up o s depth o 2 <m 1 Ba leva
oiher footmgs. The analvsis of the retaining wall shows that the factes of saretr npe
overtuming and sliding 15 less than one.

Keywords: Senlement. Cracks, Design Evaluati «. Foundation Failure, Siabilisy.
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INTRODUCTION

For foundations on medium - dense to dense pranular soil, the immediate and consolidation
setilemnents are of relatively small order. A high praportion of the 1otal settiement i5 nlmost
completed by the time full leading comes on the foundations. Similarly, a high proportion of
settlement of foundations on loose granular soil 1akes place as the load is applied. Settlement
of foundafion is not necessarily confined to very large and heavy structures. Settiement and
cracking occumed in two — story houses founded on soft sy clay in Scotland {Tomlinson,
1986), Senlement and cracking oceurred in single story building (Hanan e, al. 1998) in hill
side slope which is liable 1o long — term mevement which usuatly takes the form of mass of
soil on & relatively shallow surface sliding or slip down hill. In the present study the
evaluation of the settlement and cracks of the mosque was based on;

1. Observation and study of the different types of eracks.

2. Site investigation by conducting 3BH in the demaolished mosque site.

3. Evaluation of the design of the demaolished mosque.

LOCATION AND SITE INVESTIGATION

The general locality of the mosgue is in the southern part of Al ~Taweela region in Aden City
known  Al-Zariba; this region 15 an extension of mountain series of Shamsan Mountain with a
valley as shown in Fig. 1, this place is a pumice volcanic environment. The mosque is located
in the Al-Taweela vard far around | 50m from the valley. The site plan of the mosgue is given
in Fig.2. The pomisemosgue was builtin 1972, but due to shoriage of fund the construction
was stopped, then the mmmn has been waned and completed in 1979, The mosgue
occupied an area of 622m’ and consisted of single story with attached tow story building
{school and Tmam house). In 1998 the mosque was demolished due to series of dangerous
cracks that appeared in the walls and flooes. in general inall the strociire. Before starting the
construction of the new mosque. three tmal pit bore holes (BH) up 10 a depth of 3.25m have
been conducted, The locaion of these BH i shown in Fig 2. From each BH disturbed samples
have been collecied and tested in the Sail Mechanics Labormory of Civil Engg. Diepr., Faculty
of Engineening. The west results and 20il profiles of the 3BH of the site are illustrated in Fig.5.
It can be found ihat there ane four lavers. The upper laver of thickness 1.0-1.4m of gravelly
sand, second layer of 0.15- 0 23m ps a pocket of sandy gravel, the thickness of the third layer
is M0.73=1.10m of gravelly sand and the fast Iaver ranges from 0.95-1.12m of gravellv sand. It
s be said that the soi] in gencral iz gravelly sand except the pocket of sandy gravel. The
sesults of the grain size distnbution given In Fig.#, show that the soil is gravelly sand. The
values of coefficients of corvature Co and uniformity Cu are varying from 0.25-1.1 and
254286 respectively. According to the unified soil classification system {Wagner, 1957);
‘he soil can be classified GI. a poorly - graded gravelly sand. In the presemt investigation,
=aleulation ul' vosd ratio has been made based on the valies of field density obtained in the
e {14kMN/m”) and results of spea e gravite obrained in the laboratory (2.65), The computed
aluz of the voids mtlo i found 7,893 whizh sesms to be very high when compared with
vpical values given by Das. 19835
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OBSERVATION AND STUDY OF CRACKS

In the presen: ase study, the cracks ure concentraied in the comer of the mosque of diagonal

types as shown in Plate 1, Cracks were also observed near the openings (windows/doors) a1

the top and &t the bottom as illustraied in Plate 2. These ercks started as minor then widened
at the end. Hesirontal cracks were observed in the load - bearing walls at the top of the walls

(Plate 3). Random cracks were also observed in different p-lmmrllrpnutmnmlls.m

study of the nepes of eracks reveals the fﬂ“h‘l\mg

|- Disgonal crzcks (Plwe 1), observed in load bearing walls, might be dise to differential
settbement 2= hear failure (Shamsher, 1998),

2. Comer and angular cracks (Plate 2) developed due 10 mistake in design (Al - [ssa, 1998).
The cracks observed in windowsidoors (Plate 2| might be due 1o poor materials /
construstios M lusiaia and Shonoda, 1996),

3- Horizontal cracks as shown in the comer of the mosque (Plate | and 3) may be due 1o
poor maierizs used, and discontinuity of the construction.

EVALUATION OF DESIGN AND SETTLEMENT

An aiempt ha: >een made o study and recalculate the design of the mosque (o know the
causes of deform2rion and eracks thoroughly as follows:
1. Mature of the Structure: the mosque occupied an area of 622m” and, consisted of

single story smached with big store, Imam house and Quran boys school in ground floor.
In the first & . there was a mosque terrace with litrary and Quran girls school as shown
in Fig.3 a and b. The terrace was also used by pravers ipﬂlﬂl"- on Fridays, It was made of
timber joissi ind umber boarding covered by plain concrere of thickndss 1 Oem., It should
be moted hers thar in the design drawing (Fig.6) it is mentioned that B.C.C slab is used but
in the setus! site visil it was found made of imber joists. This may be due to shorage of
fimd. The fcad was transmited from terrace 1o the [oed bearing walls of masonry stones
40em thick. The foundation type is smip footing wits @ widih of 1.2m and-average depth
of 0.9m. Tk .‘.u-: of fooing is of plain concrete 5.2 with depth of 40em for single and
also for- rwe ey fooring as illustrsted in Fig.7 _*¢ nature of the site is slope with an
angle of 6 :'~ -1r the mosque footings are based of & wall foundanon-as a retwining wall
of 0.9m =i —asonry stone’ wall up to a depts 02 2 3m ta be leveled with auached o
siory Tooties 2e smoan i Fig. T

1, Bearing Capacity: the site ool slope naluss with an oangle w =6 which hasan

influsnee 5 s compitation of the beanng capas’s . Reraming tothe design of footing
!"ig'_?h the w-20 of the sip footing s B= 1.2 %5k an o orage depth of D= G.9m.
Based | 2515 of sl tasting and site fnvesripen = of dopee laver, the sofl is poardy -
graded: grace.. sandd (GP) having intemal fricoon =sgie 0 30

4 D = = To compmne the ulimnie siz==2 sams daulb of =riafooting
soanded o=+ Tiee of o Meywarhof s (1957 solmise opied: g =103

vhote & & chemine emuuctiv factor depending = D3 b and w, obiained from
chart giver = Ligverhof The Gltimate bearing Sizas i foun.: oqunl vo 420N The
Back ealicem:s of the dedgn load, incloding e Zesd ool of the masonry wall
ransmitied ¢ "oz strip footing, gives P = 500kN m. Then the actual pressure on the soil
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due to the weight of structure q = SO0/ 2 * | = 417kN/m’ To check the factu, uf safety
(F8) with respect 10 shear failure, in terms of the net ultimate beaning capacity =
{qua = YD) and nes foundation pressure = (q - yD), the following equation was used 10
check the factor of safety: F§ = (qa - yD)/(q-yD), the computation of the factor of
safety is found F5 = 1 If the factor of safety is considered 3 as it is common in practice
then the allowable bearing capacity g = gu / FS = 140 kN/m® Therefore the allowable
load Pa=(140=128) *12*1=153kN only, where the required allowable load is
S00kN. This indicated that shear failure has occurned tothe base of the footing which
eonfirms the cracks observed in the comers

3, Retsining wall: as it is mesntioned before the site 15 on & slope with angle =67 the
foundation supports a retaining wall of 0 9m thick masonry stone up to & depth of 2.9m to
be level ‘with other footings Fig. 7 The length of the wall is found 28m, carrying a load of
500 kNfm transmitted 0 the width of the retaining wall 09m, the surcharge
q = 500 /0% * 28 = 20 kN/m ® is considered. The final distribution of loads an the
reqaining wall is illustrated in Fig 8. No shear stresces act on this vertical wall, therefore
the Ranking theosy i3 used to caleulate the active and passive pressures. For passive
resistance caleulation Tomlinson {1986) procedure was adopted. The pressure distribution
is shown in Fig9 The unit weight of masonry stone and concrete base are taken 10 be
20kN/m ' and 23kNim ' respectively The active and passive pressures re calculated on
the vertical through the e of the wall given in Table | The total sctive and passive
forces are caleulsted from the numbesed triangles and rectangles ns cited i Fig 9 and
presenied in Table 2. To determine the position of the base reaction, the moments of all
fiarces about the toe of the wall {x) are calculated and given in Table 3,
L ever arm of base resuliam

M, EM SEM, 7368277

et : =1 .
B - TPLTN | G3leas3E

Table 1 - Caloulation of Active arid Passive Pressurcs

[ Soil__ | Deph @ | Ka | Astive pressure (kN/m'|

| Surcharge . (0339 [K,q-0339°20=678

i
Soal {1y | 123 307 | 0330 | Kag+ KayH =(0339 2 20) + (0339 " 14 * | 25)
|l = 6mes0d=1271
15 0603 | By =vha) + eyl = 0612 (20 + 14 * 1.25)
| + {0612 = 14 7 0.15)
= 2205 + 1,70 - 2424

Sol ) | 140

Soil (3) | 2 3% [0471 | Ralg = yHy + 1H) + Ky 1Hh = 043120 £ 14 * | 25

+ 4% 0.15) ¢ (0331 % 14° 1.4)

- | | | = 1707+ §d= 3553 |
_Soll_|Depth @ K

| | Passive pressure (KN/m') )
Surcharge | 0 - 0

Sall (1) j12F 30 [298 'I'E__a|r1195-h¢-:.zg-si 63

e | (=2REI -3 A3=3105
S..LII] r?ll : & :4' I . -': I Fq]f .'.I'h f“:’H:}*‘Kp:'fH.
: “ 3 INIAT 1255140155 - (2327 14" 13

! | = 4547 +45.47=90.54

PRoavil,  KasyHia = 163018 * 1251 = 1.60L14 > 15) |
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Table 2 Active and Passive Fofces

_ Active Passhe
Elem | Pressune TFarge (k/m) Elem | Pressuie (ki) Fomee (kM)
(M) .
0 578 |6 TR*28 = |§ 9§ 1y | 51830 8=413 W) 30 2E=FhRD
2 593 s goaye | 3= 3 7] (3 | 3RAIDE=I2E | 22F*Q1F = 3 A2
@) | 1617 |1saTrals = 245 () lfij'ﬁ.hl‘-' Werienls = Q3
14} 1.3% WAl Ea15=0097 (4) | 45470 b=30A = =
| 9 | wae [wmeis =144 5 |4547°08=364 ki ﬂ‘ﬁ
ij i4% Vg gdse fid = LN b e ina*] 4 = 2546
| : |

[ Vol | 8535

Table 3, Momems Acting on the Wall

Toml | 10584

Forea Elom Focze kNm) | Arm ] Momend |
tape _ potm) | (eNmim)
Active {17 | 1898 Cos6” = - 1888 4 | -2043
Hotitomal | (20 371 Cos 6™ = | = 36 |.a7 . Ty
Forces (3) |243Coso” = - 742 {475 - 356
' (4 | 0.097 Cos6° = . 0059 1 4% - 004
I (5y | 144] Coas” = - 433 i) = 103
i i) | 592 Cosbh” = - 589 047 | - 27
" Passive | (1) |2582Cosd" = 2565 197 | 5059
Horizontal | (2) | 342Cosb” = | 34 1475 | 5.2
Fatces (1) |u.zlc.'m-ﬁ" - | 0 20 145 0,30
i (4) | 3093 Cos6” = 5065 0.7 3546
l (5 | 3848 Cos6° = | 2832 047 | 118
' Total £P, = 599 ==
Active [y 1898 sng" = 108 1id -2.38
Vertical | (2} |3.71sn6" = - 0.35% | =047
Fosces i1 ,:-usin&" : ) s ]2 -1 30
| i 0007 sinb™ = =0 j:2 « 012
| 440 @n b 4 |53 « 2]
! | ) | §92emG” = -G6 | 4= | -0
i Presive. | dfF | 25R2sinG” .2 i ]
Vertieal i3 342smb” (i 0
Forces | o LA s n” (LY s ) ]
| ody 5093306 3 4
_ ot B346sind - 0
N i Teral P M =47 36
Surehiarge 1 Ll i 1418
Wall i Bl | A il T8 03
‘ Baxe I W L2¥0% "2 | 5 A2
Sl | Wi fxdense e g (= [ BE %67
| Soil W, 24%0)5% 2= 1 0o7s | 038 .
g TW= 8537 IMp=52.1T |
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1. #-9 fnvestigation of the sife e nshere of the S, which s valcanie cavirooment

Bovoutsitity o bases resction : (" slope and valley, wns ignored by the designer.
e=1)=B/2=11-12/2=050m l :
e>Bi6  (030>03) ) 2. FEstimating and using higher vilue of ullowablé bearing. copicity to the site, in
i thi resultant acts out shle the midd]e third of 1w Hase. designing o stnp footing, eadses In shear failurs of the soil sl erncks n'he
sMruciise, £
& ]
The maimum i minimum base pressies ae givon: 3, Retaining wali was used without designing and checking jts overl stability, This
ciused failure of e reininiog wall,
'ﬂ"ZH'*EP- 4. Design misaks gnd mistioke in eloointion 15 one of the mujor probloms inhe
=3 26N =9 8 Im present study,
S, Poor construction malerfals vsed, mistnke in construction and Sscontinuity of the
i —[1 *_] consirtiction is the second problems.”
=’:'f[l.~ 5‘1”3;“]-?6.35{1::.54:} ! REFERENCES:
= 26725 kN fmt e =LW S B R _ . : 1. Tomdinson, M. J..“memmﬂmmdtﬂwm“Lﬂﬂsmn G‘IHIFLIII-., 1R,
From the above It can be found thet the Mo oo aihe toeof the wall exceeded the 2 Haman, AB., Neidhel, A.A- and Reem, HA., “Study of Setlement in Al-Zariba™ B, Se.
lﬂﬂ::h;:;#f’mﬂﬁﬂﬁl? of —sn }. Tl prescuy of the tenaile prere _ Peoject. Civil Engg. Depl, Freulty of Engincering — University of Aden, 1995,
ﬁ;:-ism-' 5.1 i the tensile pressure Ltk sail is verv s o LEC, 5 Wngnery A Tl G oF e Uil e Chustioalions Systeay by fhs Busedarof
Reclamation™ Procesding 4™ IUSMFE, London, Vol. 1, 1957, pp 125134
- actor of safiety against shiding 4 Day, BM., “Advanced Soil Mechanics”, Hemisphere Publishing Corporaiion -
- . Washingion, 1985,
S0 -.—E o ﬂ:mﬂ{;,} 5. Shamsher, ., “Anniyeis and Swdy of Senlement of same Buildingsin Aden, A Cass -
) Sl P
k Study” Proceeding Arob Conf. on Repaic and Rehobititation of Strugtuzes, Cairo, Vol 2
Factor ol saleby ngaine overmurming 1908, pp B3T - 852
a ' & Al = Tndm, M., “Investigation of the Causes of Deformation wnd Cracking in Existing
‘-”_ﬁ;%m‘. SBT e Stroctures and Ways of Monotoring the Same™ Precesding Arab Conf on Repair and
) 36 ’ * Ruchabilitation of Stroctures: Cairo, Wol. |, 1998, pp 1ET « 2000
The values of the safety factor against sliding and agains: overturning, the minimum value ur i Rl 8 L Al Syl e 5 Rsad 3l a3 e Sl Y
the least 1.5 ususlly being specificd, in the present study both values are less than one, which .H'q,iw el Gallll e o

indicated that the overall siability of the retaining wall is not calculated and checked by the & Meyerhof. G.G., “The Ultimaue Bearing Capucity of Foundation on Slopes™ 4™ ICSMFE,

London Vol. 1, 1957, pp 3834 —386,
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Fig.2 Site plaa of Pomise Mosgue
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FINITE DEFLECTION THEORY ANALYSIS OF THE SEVERN
SUSPENSION BRIDGE DURING ERECTION

Sanfan A SAAFAN
Ermerinis Head of S1r_ -yl Engineecing Department, Ain Sha=e Universioy,
M. IABSE M ASCE

Abstract: The suspension brizze ower the fiver severn camies the moioreay MAg between
Wales and Englang, 8000 5 - =y=ripas 2 spans, the mddie span &5 30 07 Thbs Brilge was

the first 1o ise rwo pew (deas fedute aefodynemees ingtabiline - 4 sfsisitined deck and
thangulated suspendess  A5es Ta T st = INEN SUpPOrTA. e a4 i the main
eables, the noddle spar mals o fe tally evccted Tvis the aiee 291 paner to- study
the ponlineer behaviour o5 15e -~ 2u i mibddie span panthilly ersioa amabieds 1
periormed for partialls areciss 000 1Y i the middle of Re ey wnd o o nted B

lﬁ:nyular SUSHEMAErE Sonnesta Fhie cnlshe 3000 £ i

Keywards: Suspension Bridgs: Structural Analysis, Nonlinear, Erectior
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