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Abstract
The utilization of lightweight structural concrete in constructions has a significant
interest in Greece due to her intense seismic activity. More precisely, on account of its
lower selfweight in comparison with normal weight awate, resulting to lower
gravity and inertial loads under earthquake response. Nevertheless, the lightweight
concrete differentiates when compared to normal weight concrete because of its lower

aggregate strength and its improved binding with hydrateeoepaste. Moreover, the



lightweight concrete exhibits a lower modulus of elasticity resulting to higher
deflections and lower inertial forces. Therefore, it provides a favorable impact on

dynamic response of buildings.

The scope of this dissertation wiasnvestigate the possibility of utilizing lightweight
concrete with pumice aggregate in the seismic design of ordinary reinforced concrete
structures. For this purpose, tests of specimens were conducted in order to determine
its physical and mechanicargperties. The main objectives of this part were to
experimentally determine its compressive and tensile strength, its modulus of elasticity

and its fracture toughness.

In addition, eight structure elements were constructed with reinforced lightweight
concrete, using pumice as aggregate, in order to evaluate their structural performance
in flexure by subjecting them to cyclic static loading. The main objectives of this part
of the study were the investigation of the ultimate strength along with iteategr
stiffness, deflection, ductility and energy absorption of the beams and columns and their

comparison with the seismic provisions according to Eurocode 8.

syaUsd TalUsloY
KoUG)eliogyp liWdgdlead, Usoe UsUsce, UG UasagtaUsa
UaUGUsoahUdqUUJ, UsUsgooasbhelesydit GRHpYold dioe?
“"aU0UsenhUqUU.

Keywords
Lightweight concretepumice, compressive strength, tensile strength, modulus of

elasticity, cyclic loading, deflecti@n cracking, ductility.
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Lightweight Concretes (LWC)
'

v
‘ Conventional LWC HSLWC
I

L v L
Aerated concretes No-fines Lightweight aggregate concretes Aerated concrete l LWAC

concrete (LWAQ)
= _ LWA foamed
- _ "Low density concretes: 7 < 800 kg/m” and concrete
Chenpc:{l Mechan1ca1 L s 7 range 0.7-7 MPa |
aeration aeration -
’ strength:
"Moderate strength concretes: 17 800 - flgh :D ;r;gﬁ?
l l el 1440 kg/m’ and £, = 7-17 MPa £
1. Aluminum 1. Preformed foam —
powder 2. Mix foaming | v )Su:ucmml concretes: 172 1120 - 1920
2. Hydrogen L, kg/m and f, =17 MPa Note:
peroxide ¢ ! HSLWC- high strength
Foamed concrete Lightweight aggregate lichtweight concrete:
. foamed 1 L= N '
ALWEC) oag:‘. iif::c;e : W —unit weight of concrete
Autoclaved aerated concrete ! f'e - cylinder comp. strength
1 ! i Jfou— cube comp. strength
‘ Non-autoclaved aerated concrete ‘ “Lowstrength || *Medmstrength || ®Highstrength j RILEM (1993)
7 200 — 400 kg/m” 7 300 - 600 kg/m’ 7 500-1000 kg/m’ ACT Committee 213, 2003
Ju=18MPa Ja=18-40MPa || fou=40MPa * ACT Committee 213, 1987

o . . B ¥ CEB-FIP Model Code 90 4l 9‘13)
Fcedlh 7TUUdoe)se 6adid UaUlGyeloagjaetilUsyUxs
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fresh

NDA,

a. NDC - fresh mix b. LWAC - fresh mix

hardened
cement
paste

interfacial
zone

¢, NDC - hardened concrete d. LWAC = hardened concrete
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stress at failure [MPa)
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parficle strength (DIN 4228) [MPa]
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) f BN 206

Strength class T eyt N/mMm® f4 cube N/IMIM”
LC8/9 8 9
LC12/13 12 13
LC16/18 16 18
LC20/22 20 22
LC25/28 25 28
LC30/33 30 33
LC35/38 35 38
LC40/44 40 44
LC45/50 45 50
LC50/55 50 55
LC55/60 55 60
LC60/66 60 66
LC70/77 70 77
L.C80/88 80 88
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ZUds Uy oUGaU Udd ¢UGei aU (2013) UsU UicecddalUs 1
des Useyd UsUMBapdoUceh) 2Fosd Ul ® UgmUs GoadlUE&HcFg 1
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2013]
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(kg/m3) (MPa)
Al-2 1843,125 36 4
22 1630, 625 324
N3-2 1558, 875 2E5
hd-2 1453, 125 27 R
AS-2 1478,125 25.2
DE-2 1480, 875 28
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Noadtntec Fvotankwy IovBeonc (kg/m’)
Nepd
Towdévio | EVEPYSS Kioanpng PE:;“"E:,“""
Aoxde | EdvBeon Ao I“;:;m V-7 mm} :;:I
N/Te

61-1 A50u00 .42 13184 1252 50 .00

at A1-2 A50000 .42 13184 1252 50 2,00
A2-1 250000 .42 14126 1252.50 5.00

a2 842-2 350000 0.42 131.84 1252.50 7.00
a3 A3-1 350,00 0.42 158,50 1058.34 4,00
43-2 350,00 0.42 258.50 1058, 34 4,00

a4-1 350,00 0.42 258.50 1058, 34 4,00

o 44 -2 350000 0.42 258,50 1058.34 4.00
45-1 350000 0.42 266 66 F38.00 4.00

as A5 -2 350000 0.42 243,80 738.00 3,00
. 46 -1 150000 0,43 243,80 1161.90 3.00
4k -2 350,00 0.42 243,80 1161.90 3,00
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Sieve size(mm) SLWC SPLWC-I SPLWC-II  SPLWC-IIl  PLWC NWC  Vol. (%)

8-16 285(S) 260 (S) 260 (S) 241 (S) 141 (P) 382 24
4-8 240 (S) 238 (S) 235 (S) 96 (P) 103 (P) 330 20
2-4 175 (S) 160 (S) 95 (P) 76 (P) 79 (P) 238 14
0-2 590 (S) 305 (P) 305 (P) 310 (P) 292 (P) 791 42
Cement 450 450 450 450 450 450
Sil. Fume 50 50 50 50 50 50
Water 200 221 231 241 241 150
Sup. Plast. 20 20 20 20 20 20
W/B 0.40 0.44 0.46 0.48 0.48 0.30

Fresh unitweight 2010+6 1704+7 1646 +7 1484 +6 1376 +5 2411 +13 100

Bas UasdlgU G ssyahUdqUUd GoagyeliyeUUasd eUUY U 28 (e

Concrete type SLWC  SPLWC-I  SPLWC-ll  SPLWCI PLWC NWC

Dry unit weight (kg/m®) 1997 +6  1696+7  1638+8  1477+6  1368+5 2388+12
Compressive str. (MPa)  441+4 30512 2762 233+2 158 +1.5 58+3
Flexural strength (MPa) 78+2 72+1 62+15 58+1 3.5+1 84+2

B sDurmaz et al (2012) e Uay Ud G U3 o deg 3 Udd®d ¢ GoaUGey UUsal 3
UaUGijeliogyaesliyelUUsd 6} di60% @ ad s@3VadUda Ggucpa Ody Us yc
j1disee c8adqaUs 2 usUGaey UUs s s iPdrlatt{iPC 82 UBG s ey 3 Ua
i 3d0U0Ue UG sPoryand(PFFC 32i5)0d)g UoaYliey Ud ~ e50HdhfUUd U f
GoegyetuyelUUcsd. A aldd, GU o¥glUslisse Uiahxsqd dEiYcds
10% Udd "edfhUqUUd Ueg Ulsey8llepglsgyY cllensadldn
GoUaUYGUsd db PBos $§edgdiscdlls eBUEINdqU f 7 oaUs 2¢
Uy Uessed Urs UlUeoasecars GU goje GgaUeydid.
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a3 U2amWgas Usee Uz Usce Ueescar3oBURULRGE&PEd 7 o
s hAUqUUY oaUs Ui "egd UtseysUsg
7 days 28 days
Cement| compressives |Cement| compressives
dosages| strength values|dosages| strength values
(kgf/em?) (kgf/cm?)
Ek‘?32' Pc32.5 1:1;;32_ Pc32.5
200 11 10.35 200 1545 |(17.6
200 12 13.15 |200 16.2 18.25
200 14 11.25 200 16.5 18.95
250 14,15 (12.35 250 16 23.75
250 13.6 12.65 |250 15.25 |23.8
250 13.25 |13 25 15.65 (24.1
300 22.6 12.6 300 29.65 |[33.35
300 2295 |13 300 30.85 |[35.65
300 23.5 13.5 300 32.65 [36.25
350 26.84 |14.2 350 33.2 45.96
350 26.3 15.35 |350 35.2 45.35
350 28 15.9 350 32.5 43.25
400 37.73 |16.18 (400 63.38 |76.15
400 40 17.2 400 65.35 |76.5
400 41.25 |17.5 400 66.4 77.8
450 47.85 |22.05 450 73.56 |103.4
450 49.6 24.85 450 74.55 |105.3
450 50.25 |25.2 450 71.35 |107.2
500 59.3 30.31 |[500 89.7 13085
500 60.1 31.25 |500 88.6 1343
500 61.25 |[33.65 (500 87.5 132.5
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BasUas8dduaglosayd sushUdqUUd Uvs UaUlGy it 3 Uly U3 3

. : o Particle Aggregate L
L;ght'.'::;iht Bu]i_. d;';; Ty density crishing valve PDE{?,S}“}
gereg (kg (ke/m’) %) Yo
Leca 500 521 529 75.6 63.6
Leca 600 600 968 49.1 60.7
Leca 700 743 1147 38.6 331
Leca 2800 806 1270 35.2 471
Leca 200 220 1396 32.2 444
Pumice 358 657 76.2 739
Liapor 833 1341 252 458
100 - m Present study-Leca concrete ‘e °
A Present study-Pumice concrete &
90 4 ® Present study-LWAFC ;o u
O Brook et al. (1987)-LWAC /! ®
A Hoff (1992)-LWAC * ;e (]
80 1 o zZhang & Gjorv (1991)-LWAC | @ .
¢ Bilodeau et al. (1995)-LWAC ! o =
70 4 0 Khaloo & Kim (1999)-LWAC *7 oL
A Babu (2002)-LWAC ; &
o Johnston & Malhotra (1987)-LWAC ** O&)@
60 4 ¢ Regan & Arasteh (1990)-LWAFC’ P (] E]o
*x Weigler & Karl (1980)-LWAFC /@ [
50 4 X McCormick (1967)-LWAFC * o ;’%

+ Fujiwara et al. (1995)-LWAFC *’ ®

o
40 H - : : K = o
- Reported cylinder compressive strength . ! u

% 28-day air dry density

- . o
30 ": Condition at which densitywas L7 ' '] Oo
measured is not known Pt By “
L

Cube compressive strength (MPa)

| hasl A M A
& el mYLse
7 LIV S
10 ok L X A A
+ 3%&8 X &
O T 4 T XY )agélg( T T T T

500 700 900 1100 1300 1500 1700 1900 2100
Fresh density (kg.-‘ma)
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10

m Present study-LWFC with sand
A Present study-LWFC without agg.
9 4 e Present study LWAFC FC without agg.
o Presnt study-LWAC f, =03 f 08 ",
’;‘ 8 o Hoff (1992)}-LWAC R*=098 N=18
o o Bilodeau et al (1995)-LWAC
2
“ 7 _ (s
= f,=078F,1
< LWAC
> 6 R = 0.65 .
S FC with sand © °
|
® 5
Q
‘» ]
2 4
Q
ey
g 31
=
E} 2 f, = 0.44 f'."*(extrapolated)
L f, = 0.62 ', "*(extrapolated) .;CI 3[: 8(;01:50 (I%\;V—ifl}'\flp
1 4 ACI 318-05 (NWC) eporied for a
Reported for 1741 MPa
MNote: N = No. of specimens
O T T T T T T

0 10 20 30 40 50 60 70

Cylinder compressive strength, f'c (MPa)

Fcefl2 7TUe Usoe UlGUaosagtiUsee UsUsce UsUlhy

7
< Direct tensile strength | f;
& Splitting tensile strength Ty
6 | o Flexural tensile strength |,
f,=0.78 f,"*

E‘ 2 = =
a5 | R =0.66,N=18
=
"-c" 12
=2 f.. =0.59 f,
o 4F R?=0.64, N = 52
5
w
® °
g3t
@
-

5 | f.=0.35f."?

R*=0.75,N =30
Note: N = No. of specimens
1 L L L L L L

10 20 30 40 50 60 70 80
Cylinder compressive strength, . (MPa)
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0.35

¢ Present study (FC with sand)
O Present study (FC without agg.)
0.3 1 A Present study (LWAFC)
O Present study (LWAC)
@]
0.25 A .
E = 0.046 /%, , K
LWAFC
0.2 A R7=0.77.N=42
N
S s
S 015 E = 0.0361°°F,"”
o~ : FC without agg.
w
R*=0.88 N=18
0.1 E = 0.044W*%. "2
a LWAC
] R’=067,N=18
0.05 A
Note: E and f, are in MPa and Wis in kg/m’
N = No. of specimens
O 1 T 1 1 T 1 1

0 1 2 3 4 5 6 7 8
f:c1/2
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Stress (MPa) 15428 4
20.0
18.0
16.0
14.0 —cycle 1
—cycle 2
12.0
cycle 3
10.0 —cycle 4
——Linear (cycle 1)
8.0 V= 1;2032;?9':366 = ——Linear (cycle 2)
- ——Linear (cycle 3)
60 e
4.0 / /
2.0 7
0.0 |
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014
Strain (mm/mm)
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Stress (MPa) 15428 4
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30
25
20
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0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004
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—cycle 2
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——cycle 3

10.0 —cycle 4
——Linear (cycle 1)

8.0 —Linear (cycle 2)

——Linear (cycle 3)

6.0 / ——Linear (cycle 4)

4.0 / / -

2.0 /
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0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
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