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Fig. 1. Skew semi-circular brick vault, a) 3D view, b) plan view and c) skew brick vault in Isfahan (Hakin Street)
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Fig. 2. Experimental specimens: a) specimens in compressive strength test, b) specimens in flexural
strength test (perpendicular state), ¢) specimens in flexural strength test (parallel state)
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Table 1. Mechanical properties of materials
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Fig. 3. Mechanical properties tests: a) compressive strength, b) flexural strength (perpendicular) and c)
flexural strength (parallel)
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Fig. 4. Semi-circular vault: a) schematic design, b) geometric design of semi-circular arch and c) experi-

mental specimen before injection gypsum mortar
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Fig. 5. Non-skew semi-circular brick vault with R=2.0: a) loading test and b) experimental set-up

800
700
600
Failure Max. 00

No. of Specimen Load Displacement &
) (mm) 3 4w
1* Specimen 715.7 0.773 2 200

2™ specimen - -

200
100

0.1 0.2 0.3 0.4 0.5 6 0.7 0.8
Displacement {(mm)

Ve sl Connii b 290 508 02l g2 (B gl g o yadi—g 0 Jl3905 5 U

Fig. 6. Force-displacement diagram and results of non-skew semi-circular brick vault with R=2.0
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Fig. 7. a) meshing, b) analysis time versus No. of elements diagram

alStlojl Jao b JLos Jue bl jii dayn cald syl clea,
9y 2 b3k ] Gl 5 il aadl ulol p Guzes
Pydoe Jlasl Glo Gos b plp Jobo 3 9 [V M o)e 4 (oo
5 il hausg 5 caleiSy LB L cod ojls cunsd b dusle el
5 Jlos! 363 3l alaii 5 b il o o0lital Lot b Seilial ubow
Jo 3 il ialsdl ojl Canss dlisd b om0 5 ol Saal |
ol 0l odlatnl yomdy= yas bg, 5l baedly las e
Sl el 53 b lodl 3lass caslio 5 (31 5l 51 lisolo! poliie &
sl 485 )13 () 3)90 Eoite (Sl Jelod 3 agualy (o] Ko 9a50e
SlasidSad gl olgds dali 9 @SB oy @l jslaie cp
Cglis olS o g oo dugliio ;K055 by peite slalall o3l b calises
a5 o510l L3L 70 5 S Slesie slaldss 5 oad ol gl
Js12) 250 ol lall o3lul aiy e 5 2y (] Sem 2 ol
Congd (lato aiy Mo I JSasS sbaojluil Cloeil cul (s oY
Mo 338 (oo (Vsbo s 5l i ojle Lo g ilbp olej &S 12
o sl Jde (gl o lis Sledde sla Jlos jo ledl 6l algs
(Y US) wtly o el YO o b Voo s ool 53 bosloll sl allie
2,05 03k dlesl Copd g oyl gl 4y (S 0ad (8ym0 0L 10 el dlaws

YO+ 5l S Ol Oygo )d D9 e 000 ¥V IS j3 a8 job o

D35 asule 00 dLaSUd (Shged (guyy 3 ey Db e BBgle 1S )5
S b Juad )3 3y §)3 329 9 Sl (e Lalll Ce 4 diged (] &S
9> sdiges ol ped .ol atily (o)1, s o] g Moy
A sl Jae ol 8y plie 4 gl eiges JlB) 9 Bl Jse ()l

Dy o0 4185

o o § CamSw jlro dgase ylod] Joo drwgi Y
d9e Slall Jdo drwgs =) =Y

AN- 158l 3 5 (s e d9ae lall (g | s308 o e
Cuid g 49 k> lo)S sl sl ol oads edlail SYS
0,5 ;o ;> Jisl oolil as s aw L SOLA6S g4 5 g L slo,S
"G ylg=p Mg cansiis Hlre ol yor 4 SOLIAOS el ol o o3lil
el g ol dlas il 0aisSs g 55 pdlas kb, cal 26 [YY]
63 Silw]de gl g Sl s8I sl oo 3 .S Jie sba
oled o g gl o @M da sl 0By cpl > wewl ond odlazul
2R e las Clhogad ulsl g a2l ©jgod 0o L
el (Bgyae )15 Cygod o sl sl e bl S oo

@ wb dgame plall Jae 3 o3le (g9 2 as oL Jlesl soge0

sokaie pdy e Dbl U 3l blE 5 0 i S 00 &S bl slaeS

1 Willam-Warnke

WA



AVE U AVY ascio NPT Jlo Fojloud DO 080 ¢pusS yuol (ol pas cwlige &y pis

ol dlani ol Ked .Y Joas

Table 2. Convergence of No. of elements
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Table 3. Parameters of Willam-Warnke failure criterion for prisms
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Fig. 8. Results of non-skew semi-circular brick vault with R=2.0: a) comparison between experimental
results and numerical results, b) comparison the maximum results
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Fig. 9. Cracks of non-skew semi-circular brick vault with R=2.0: a) experimental specimen and b) contour
stress for mid-span load based on Willam-Warnke failure criterion
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Table 4. Geometric properties of semi-circular vaults
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Fig. 10. 3D schemeatic of brick vault and studied parameters
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Fig. 11. Results of semi-circular based on aspect ratio: a) failure load variations and b) Max. displacement
variations
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Fig. 12. Results of semi-circular based on angle of skew: a) failure load variations and b) Max. displace-
ment variations
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Fig. 13. Stress Contour for uniform linear load based on Willam-Warnke failure critrion
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