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Abstract:

The arch is a fundamental and aesthetic component of Iranian architecture, integral to the stability and beauty of
buildings since ancient times. Modern domes often cover large spaces without internal supports, with their shape
playing a vital role in handling gravitational and lateral loads. Domes can-also be subjected to shock loads from
events like earthquakes, impacting their structural integrity.This study explores the mechanical and impact
properties of concrete domes reinforced with steel fibers. While most previous research has focused on the impact
effects on concrete slabs, this study shifts the focus to concrete domes. It examines how different percentages of
steel fibers (0, 0.5, 1, and 1.5) and varying dome thicknesses (50, 75, and 100 mm) affect impact resistance. Steel
fibers enhance the compressive strength, crack control, and overall durability of concrete.The research involved
compressive, tensile, and bending strength tests, as well as an impact test using a 10 kg steel weight dropped from a
height of 3260 mm. Abaqus software was employed to compare numerical simulations with laboratory results,
using models from Popovich for compression and Shima for tensile behavior. The impact test assessed three key
parameters: the number of impacts to create the first effective crack, the number of impacts until dome failure, and
the energy absorbed by the dome.Findings revealed that steel fibers significantly improve the impact resistance and
energy absorption of concrete domes. A 100 mm thick dome with 0.5% steel fibers absorbed 33% more energy than
a 50 mm dome without fibers. When the fiber content was increased to 1% and 1.5%, energy absorption rose by
60% and 78%, respectively. Similarly, increasing dome thickness to 75 mm with 0.5% fibers resulted in a 67%
increase in energy absorption compared to the control sample without fibers. For domes with 1% and 1.5% fibers,
energy absorption increased by 80% and 82%, respectively.The study concluded that both the addition of steel
fibers and increased dome thickness substantially enhance the impact resistance of concrete domes. The most
significant improvements were observed in domes with a 100 mm thickness, where the number of impacts required
to cause damage increased by 68% and 64% compared to 50 mm and 75 mm thick domes with 1.5% fiber content.
This highlights the crucial role of both fiber reinforcement and thickness in improving dome resilience against
impacts.

Keywords: Dome, Impact, Failure, Energy absorption, Steel fiber.


mailto:a.mortezaei@semnaniau.ac.ir
mailto:aazizi46@yahoo.com

L o ol b asols asl,l 1) P-RizZ g, aiceccia¥l sl b «g9,5
e 9 S35 I3 wyp 0ype e BaSS Llys
Olaebl L 1) o3le ilisie slaJS2 5 (uilS 8 cunslys soleniny
Sl gy 4 e 5 il [Flale al
spaz pae b jpax WS ghale SO 4 azg b (S5 sloasS
Ol 4 (2SS Lulpd g ojlun) go S 31 50 lagdl
iy 9 ol b s Sb Lo azlse o Gt sla sl
0diS s 0L Pl aST adl e Jldow mls 5l lagl el
[0lasb oo ms Jloms o5les jo ol> g a3y 51 Ll ol od
o adlil la Jlg Sl Julox g 4528 a0 ol lSem g 103
slalginl des oals a8l LS loaiug 4o Al
O P DS EUW [ U RCCT RSN I BRVCES N9
Obej glml iSla 1alS L a5 09d o0 9 ST Al 38l &
438 oliios bt [Plewl ol en sad Gl 5,0 5 ol
shlosl e sloyl b agzloe ;o gl (i 45" a0 00 (Lt
S a8 o Cwglie Ll lp a8 IV]ewl bl
5 s [A g soliiul (g oo (gian 5 crmb U]
oop Yoo Vg SUI 0opl5a b ey p & o)Sen
a8 awl o olagl asls 4 blie e i sl lscuwglie
g ol 3585 Gae iliEl cel conl (Sow (g,lid Cglaa sl
Suaglie (Bl a5 (> )0 0gd diged ol oud w28 4l
7S 4l alolS Soi Gee (RalS el Conl (S (o225
wr & OSes 5 cadgasl [8]3s5 wises el sun
Mol (el glagiiigluye g (Selle Sleogas
S el goY g8 LI a5 il o Lagl sl (ST 5es5
5 2l [V lasl o o ls laups Cuglie Lial33l 10 ot
e g (RS (5ilid Sl aiges ojll I Gleeal
obil wsls 13 obs)l 3y5ely so¥s8 S 55> slan
5 il B AYD Bl jsiax U baaiges Cuoglie a5 ol o
5 wbe I lwe 8wl S Gladses sl Jos ulyo
2 U S s a8 wols pbxl opmw asllhs S )l S
) oad qwiige Gloww Cujeels obsS @ slagsin )
ol 4 ol las mls a4 adl e las] WS sy
5 SEdb 4l Jsb (ohp sl Cens g SUT SELasl
DiYlsas o Gl B3l Voo 9700 Jolas cusp @]y o pd S0
oS il ;o Jols adg (6318 Sl gy o b QLS 5 0L 00
Golid Cuglin p Sz 3b ol sy b SLI 1 ssliul
Golid Cuglie iolidl el 3YL slaas o Ll Lol ol laasges

Olidzy azxsw )b 9 doddio = )
288 Sl g8 olnl solene 5ot Sl polie 5l (G
0 48,5 IS gl BN 5 o lene oy & 25 Jobo
Sl g 2l 0 e BB exl 4 bbb olee
Sg o olaiwl (J3ls oBaSS 5l solatwl yaay 5 g slalad
(Solens 3,509, S 5l A (7)1 diwg 08 da >l (nly
S psb 4]y lays o (Sl slajlig B sk cud)b
L olbisle o a8 ol [¥IhIslss o 5 sl

Sl ol Gad olilpl & 1) T esble o pes oylse 5l ol oo
g IVeal atsls o8 dmad Glnl e wed 5 oS Gl

el 00l °">)3T ).aol.v.a 9 (5“'“" .\....f )l 6‘4.»5.0_‘ \Jiul

S, plel (las 0SB 045 dmuns aS @ 1) JSo

Dy g 9 a5 0)lys ook slahagh et
ol )5 o )il oylSen 5 5o gy 4 Glie &5 Cenl a2 S
aiwg 5l Ldatus dakad S gomans 5l 5JBT awle sl



ol (Bpas ol g F oS oo solitul ol ynSE ol oog
€5 5 ooliiuwl 8550 63¥e8 BLII ol oo yliom s (Sowelis]
SYAY s g [VAD e Lao¥d Jobo b oM jangs (soYe3 LI
ools Hlas (V) Jgao o BLII pl Glasin a5 cul o Lo
S5 e g ol o eolaiul 050 (S wlas el 0uls
G398 5l i 0 eoS1 e Zawols sl (gl all o A oyl
o, VY JI 10 e & Carboxal SRF521 eusS s,
ol 5o PBras 99 lae pglas ald eslitul les (35

el 00 03551 (V) S ,o g’

(=3
wn
a
S
3 L ()
2 &
270 350 350 270
1380
2
o
pe & S
% &
240 350 350 240
1380
o
=}
-
C
8
2, - <
00 350 350 S 200
1380

sadka Ve € VO (B B: (@ culid Lo asl slaosFY JSs

S B ras as o i g oS Slasie ) Jgoo

(oe\ibers ¢ Thickness (mm) Sample
0 50 Dome-01
0.5 50 Dome-02
1 50 Dome-03
1.5 50 Dome-04
0 75 Dome-05
0.5 75 Dome-06
1 75 Dome-07
L5 75 Dome-08
0 100 Dome-09
0.5 100 Dome-10
1 100 Dome-11
1.5 100 Dome-12
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Absorbed energy Distance to . Number of blows to
J) specimen (m) Weight (kN) initiate first crack Sample
11.18 3.26 0.098 35 Dome-01
6.39 3.26 0.098 20 Dome-02
5.75 3.26 0.098 18 Dome-03
4.79 3.26 0.098 15 Dome-04
3.51 3.26 0.098 11 Dome-05
3.19 3.26 0.098 10 Dome-06
1.92 3.26 0.098 6 Dome-07
0.64 3.26 0.098 2 Dome-08
2.87 3.26 0.098 9 Dome-09
1.60 3.26 0.098 5 Dome-10
0.96 3.26 0.098 3 Dome-11
0.64 3.26 0.098 2 Dome-12
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Absorbed energy Distance to . Number of blows
) specimen (m) Weight(kN) to failure in dome Sample
1.28 3.26 0.098 4 Dome-01
3.19 3.26 0.098 10 Dome-02
7.35 3.26 0.098 23 Dome-03
11.18 3.26 0.098 35 Dome-04
1.92 3.26 0.098 6 Dome-05
4.47 3.26 0.098 14 Dome-06
10.22 3.26 0.098 32 Dome-07
12.78 3.26 0.098 40 Dome-08
7.99 3.26 0.098 25 Dome-09
9.90 3.26 0.098 31 Dome-10
18.52 3.26 0.098 58 Dome-11
35.14 3.26 0.098 110 Dome-12
12 - ——0% 12 4 —8—50mm
11 11 A
~ 10 1 0.50% 10 4 75mm
3 9 1% g 9 4 100 mm
%' 3 150% ?’ :
£ 5 Z 64
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14 1 -
0 0
50 75 100 No steel fibers Steel fibers 0.5%0 Steel fibers 1% Steel fibers 1.5%
Steel fibers (percent) Steel fibers (percent)
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Compressive Tensile

modulus of  modulus of Density Poisson's Compressive Tensile Fibers Thickness
. . (kg/m?) . strength  content Sample
elasticity elasticity 21] ratio strength (MPa) (MPa) (%) (mm)
(GPa) (GPa)
35 27 2345 0.2 53.403 30.62 0 50 Dome-01
38 33 2370 0.2 58.41 44.95 0.5 50 Dome-02
41 35 2460 0.2 60.37 45.96 1 50 Dome-03
45 36 2485 0.2 72.86 46.06 1.5 50 Dome-04
35 27 2345 0.2 53.403 30.62 0 75 Dome-05
38 33 2370 0.2 58.41 44.95 0.5 75 Dome-06
41 35 2460 0.2 60.37 45.96 1 75 Dome-07
45 36 2485 0.2 72.86 46.06 1.5 75 Dome-08
35 27 2345 0.2 53.403 30.62 0 100 Dome-09
38 33 2370 0.2 58.41 44.95 0.5 100 Dome-10
41 35 2460 0.2 60.37 45.96 1 100 Dome-11
45 36 2460 0.2 72.86 46.06 1.5 100 Dome-12
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