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Fig.4. Front view of the modelled structure
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Fig.5. Back view of the modelled structure
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Fig.6. The modelled jack arch slab with concrete layer
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Fig.2. Details of jack arch roof with steel grid[10]
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Fig.3. Retrofitting of jack arch roof with concrete layer[12]
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Parameter Value
(MPa)
Compressive strength of brick units 13.8
Compressive strength of clay—
gypsum mortar 6
Tensile  (flexural) strength  of
brickwork 0.25
§ Tensile strength of clay—gypsum
% mortar 08
< Compressive strength of brickwork 8.4
_:‘% Young’s modulus of brickwork 2500
” Poisson's ratio for brickwork 0.2
Tensile strength of steel beams
(IPE120) 240
Young’s modulus of steel beams 20000
(IPE120) 0
Compressive strength of concrete 25
= Young's modulus of concrete 23500
E’ Poisson's ratio of concrete 0.15
% Yield strength of steel reinforcement 400
§ Young's modulus  of steel 21000
© reinforcements 0
Compressive strength of brick wall 4
o _ Tensile strength of brick wall 0.07
2 3 Young's modulus of brick wall 2200
oS — . .
Poisson's ratio of brick wall 0.15

Table 1 — Material properties
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Fig. 8. The utilized failure criteria for masonry walls

Oz > 0 (Cracking)

Oz = 0 (Crushing)

0z < 0 (Crushing)

ol sb Lk s Jae G kg ys (g ks s 5 (Q)Ji.i

—
-.002814 -.932E-03

-.008459
- -.001873 8742-05

-.006578
007518 -.005€37

-.004636
-.003785

=
~.002814 -.9322-03
-.001873 .874E-08

-.008459 -.00€578

: -.004636
-.007818

Fig. 9. The diagonal cracks on the back and front view of the
model during pushover analysis
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Fig.7. The failure modes associated with masonry walls[18]
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Fig. 13. Diagonal cracks in the modelled masonry wall (Mehrabi
etal.[19])
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Fig. 14. Comparison of experimental results [23] and analytical
results from calibrated model of masonry wall
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Fig. 11. The modelled jack arch roof for calibration
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Fig. 12. Comparison of experimental results and analytical results
from calibrated model of roof (Maheri at al. [12])
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ordinary roof retrofitted roof

slope (semi-rigid) (rigid)
Ay Ay AgAy Ay Ay AgAy
0" 1.08 133 081 0.16 158 0.1
10" 122 155 079 019 153 0.12
15" 1.21 148 0.81 0.2 1.7 0.12
20" 125 1.56 0.8 0.2 151 0.13

Table 2 — Rigidity and deflection values for the diaphragms
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Fig. 15. General pushover curve for obtaining R-facor[21]
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Fig. 16. Distribution of lateral loads on the roof
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Fig. 18. Lateral displacement of retrofitted jack arch roof
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Strength Increase

Sy o o ¥
S () Jad s, oo Slbme 51 Lol CL“'
S s 53 e sl 2l 5L S g S el sl
Sl Ol Sluis (Y8) K2 5588 a6y IS8 oy
23 SahKE s s sdalie &S S Sokea ol ol
Ldae bl 53 o8 b 4 oddd Gl glaolrle
55 el YV L Of laege i 5 ey 0L
Sbolaitlo & s (6 IS0 0l (g5l aOlezt L
ONY L ol OF o ge Jlis 5 axils (253l olis (g5lege
Dl cpl idas o OLAS 39 31 (gl 00 lsel oS
AL 5l e S el [12] e Sy s Sl s
G55l (il poman 5 AL =l s
5 e L5 e ol pl sl oals LIS 5
e Sy i Sl mob slags s G0 s e i Ll

omen 5 AT EE 3 Jel etalie il

109

ote Ol jos cwdige agh — oode aloe

e Ol glaciin L gladu J.{tzglg-—j%&d;m(%)p&i

s bedd ileg

1600 1~
1400 A
T - QST
1200 A w ! -~
(" >
s
__ 1000 A /o
g o
g 800 1 i
S
* 600 4 Y 5
= (" retrofitted roof
400 = =10" retrofitted roof
o - -
200 A 15" retrofitted roof
----- 20" retrofitted roof
0

0 1 2 3 4 5 6 7 8 9 10
Displacement (mm)

Fig. 20. Force-displacement curves for the retrofitted jack arch roofs
Coglan y Bew V-7

o3l Cwolis gratsl KoVl e aslie 4 i ol o
ol s amplin 4as Uil Bl dn 5 U3 ol sl
SVl e slzmslie KL (VY 5 YY) sla IS8l
b oA (Slege 5 adsl Glaosle a5 a gl 4yl
ol Gl o Saslie 5 me Ll Ol (pizeen
53 bosle onl Sl doss i ansl o as
05 s Bl L el psew ol sl &1 (YY) Jﬁ.ﬂ
sl el s gileg 5 ole laciin S g s
o3le g0 Ol slaciin b slaesle )5 o3l Cowglie .ol
Lolaosle s bl ol adly fals cadn ol 2ol L
Olser el o asy bodd il (o0 B slaciin
oolie ghls cilse glacod (gl o8 Hsb 4 Cwslie
Olje i ot RIB1L alply ol eap JLsy
el odd i e glie 53

ol 6)\..‘.@4 E) (ol LS)L..GJ) A:j}l LSLAJJ.A &5I>w (YY) L}g.&

900 - :
M Ordinary

Retrofitted

e

Slope (in degrees)

Fig. 21. Comparison of stiffness for ordinary and retrofitted models

800 -

stiffness (KN/mm)
EE88888

o


www.sid.ir

O 5 (63,58 el y o250

Wlal (ol wlld Gl bolasle o ol sul
i > Shee b o SalS hin ot Rl L s glie
el 53 g S e D) 5o @ 0l (Sl Slaosla s
b 535 o Jole S5 Cends et SR L
e a8 O 5 S e b cadn Colie alal &Sl
Lookd (g5l i b slaglezle s sl addls Jo5
Dl Censlie Lol (g daplantl Ciie ol il 5l
o ilegs sOlazmle 53 i ol il LAl s
O3 b 5l i 4y o 5,1y slag s anyl o as L
o 53 lglad gn My e amios b (slag 0 4 ais
T I P e
2l SLsd gl Ol 5 4 S 515 2iS Co wo)l oy
o b glaciin 3 038l Canglin [Rll ul e 50
S sl Rle Slicse oo LS mio
SR Ay O3s WSS e b slaobesle sl ey
Sl 0 dd (gl Olatle Colie Ll Al el
SR b i 20 Ol i ol Ol 4
Jew 5l S Gl e o3 i ]
Sl plp oo Olatle s Slas 5 5,5 0 sl 053800
23 e WS W Duse Gl e s b o Sl
S e ol s a4 S e (S b
Ol bl ol slaslss o al Slab B3y ol L6l
sshe Ol Caslie Bl 2l Coje i
i b slaotansle s coaliamlol il il Ol e o i

] 03 g3 4=y Yo )\.L..:.,:

5 (oS il adygl sbdae Ry o slie wslsl gy o =Y1K
okl ($3lege

14 ® Ordinary Retrofitted

1.2

1

0.8

0.6

0.4

0.2

0
0 10 15 20

Slope (in degrees)
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Ordinary Jack Arch roof Fy (KN) Amax (MM)  Fy(KN)  Apax(mm) n Ry Rs R
0" 1027086 2.013 960011 6.95 345 194 115 223
10" 872341 2.09 768518 6.95 3.32 191 1 191
15" 733525 2.13 832125 6.4 3 1.84 1 1.84
20" 706277 1.54 767170 5.77 3.74 2 0.75 1.5
Retrofitted Jack Arch roof Fy (KN) Amax (Mm)  Fy(KN) A ax(mm) n Ry Rs R
0" 1096921 1.69 1243557 9.91 586 234 097 227
10" 1069984 177 1202592 10 5.66 2.31 0.99 2.29
15" 1091998 2.17 1228357 10.01 46 215 118 254
20" 1063326 2.27 1213620 10.03 4.41 212 1.23 2.61

Table 3 — Response modification factor parameters for the masonry buildings
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Fig. 28. Pushover results of Maheri’s experiments [12]
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Abstract:

Jack arch masonry slab, developed in the 19" century in Britain has been used widely in floors and roofs

of industrial and residential masonry buildings in many parts of the world. It is still.in use in parts of Europe,
the Middle East and Indian subcontinent. Taking into account the widespread-use of the jack arch flooring
and its ease of constructing as compared to the more modern concrete-based slabs, it should be pointed out
that such slabs are built in traditional ways and little control is applied to their method of construction.
Collapse of a large number of these composite slabs during past earthquakes pointed out the weakness of this
type of flooring to seismic loads. It has also highlighted the need for developing appropriate retrofitting
schemes, since a large number of buildings in Iran are roofed with masonry slabs. As an illustration, the
statistics have shown that around half of the slabs used in traditional buildings of Iran are jack arch roofs.
Due to their poor construction style and lack of appropriate retrofitting, these slabs cannot tolerate high
seismic demands and fail to meet the seismic performance-required in areas with high seismic activities
(especially the slant types which have been widely used in the buildings of northern areas of Iran).
Therefore, rehabilitation of these roofs must be considered. One of the effective methods is to add a thin
layer of reinforced concrete over the slab. The retrofitting procedure includes three main steps: (1)
Removing the top flooring finish, (2) Installing a mesh of reinforcement bars over the slab and (3) Covering
the bars with a layer of concrete. To further investigate the seismic behavior of these roofs, response
modification factor can be utilized as a'well-known seismic parameter.
This study investigates the seismic performance of masonry buildings with slant jack arch slabs retrofitted by
the method of adding a layer of reinforced concrete. Two groups of one story masonry buildings with jack
arch masonry slabs are designed including roofs with slopes of 0, 10, 15 and 20 degrees with and without
concrete layer for roof retrofitting. Static nonlinear (pushover) analysis is carried out. Nonlinear analysis
program “ANSYS” is employed for the analyses. The load—displacement curves for both types of models are
obtained and variations of strength;.ductility factor, stiffness and rigidity of roofs on both types of models are
investigated. Response modification factors of two groups are calculated and results are compared. Results
show that according to standard No. 2800 criterion, slant jack arch masonry slabs are classified as semi-rigid
roofs and by retrofitting them, their rigidity can be enhanced. Also increasing the Slope of roofs inversely
affects the Response modification factor (R), strength and elastic stiffness of structure. Finally For the
consideration of economic factors, a cost analysis based on the tariffs of the Iranian Management and
Programming Organization is carried out on three conventional methods of roof retrofitting (method of
adding a concrete layer on the roof, steel grid method and tie-bracing method recommended by standard No.
2800). The obtained results indicate that method of adding a concrete layer is the most cost-effective method
for jack arch retrofitting.

Keywords: Masonry Buildings, Jack Arch Roof, Slant Roof, Concrete Layer, Seismic Evaluation
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