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Effect of Cement Block Walls on the
Seismic Performance of Reinforced

Concrete Frame
Dr. Eng. Ihssan AL Tarsha' Dr. Eng. Abd Alrahman Isaa’

Eng. Mohammad Rafea AL Abo Husin®

Abstract

This research presents an analytical study to investigate the nonlinear behavior
of the concrete frame which contain the cement block walls (infilled frames)
and to compare the changes in the behavior of the concrete frame as a result of
introducing the effect of the cement block walls during the analysis process.
The method of the equivalent diagonal strut proposed by a group of researchers
was adopted to represent the cement block walls. During the analysis, a model
consisting of six stories and four spans was relied upon to compare it with the
rest of the models in which the effect of the block walls was introduced, which
differ from each other by the percentage fullness and the placement of the walls
While maintaining the continuity of the block walls from the bottom to the top
to avoid the formation of a weak story. The analytical study showed an increase
in the rigidity of the frame, as the percentage of increase was 69% in the third
model, and the values of the displacement in the frames decreased clearly as a
result of the introduction of the stiffness of the walls during the analysis, as the
percentage of decrease was 71% in the third model, and the values of the
internal forces within the columns also changed, as the axial force increased
And they decreased in different proportions according to the places where the
walls were placed in relation to the columns, while the values of the bending
moment decreased in general as a result of the walls resisting part of the base
shear force.

Key words: infilled frame, block walls, equivalent diagonal strut, pushover
analysis , SAP2000.
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The effect of column confinement using
CFRP upon the seismic behaviour of

frames

Eng.MODAR ABEDOW Dr.Eng. TURATH GHAREEB
FACULTY OF CIVIL ENGINEERING

This research includes an analytical study using nonlinear static
analysis (Pushover), to evaluate the seismic performance of the
old—designed frames (without seismic considerations) after
confining their columns using CFRP sheets.

Several experiments were modelled and verified using (DIANA)
software, in order to achieve acceptable accuracy in describing the
behaviour of the studied materials, and then, 16 non-seismically
designed frames with the following parameters: (storey number,
bay number, and CFRP sheets number), were analysed using the
pushover procedures.

The study showed that the confinement has a significant impact on
the seismic behaviour of the models, where the efficiency of the
confinement increases by increasing the number of CFRP sheets
and the number of bays, however, the higher storey number
requires higher number of CFRP sheets to approach the

acceptable behaviour.

Key Words: Confined columns, CFRP, seismic behaviour.
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D max | V max T Ds/Db | Vs/Vb | Ts/Tb
mm KN Sec
1B-1S-B 36.78 | 77.24 | 0.74 - - -

1B-1S-W1 | 59.76 | 113.28 | 0.73 1.62 1.47 | 0.99

1B-1S-W2 | 84.57 | 144.67 | 0.71 2.30 1.87 | 0.96

1B-1S-W3 | 85.98 | 162.75 | 0.70 2.34 2.11 0.95

D525 «Dmax ekl #L3Vls Vmax gaclll il 53 45,lie (1) Jsan

32y datls aals il z3all T 3l5aY)

Model

1B - 1 Storey models
180.00
160.00
140.00

120.00
—e—1B-1S-B

100.00
1B-1S-W1

80.00
1B-1S-W2

60.00
1B-1S-W3

40.00

20.00

0.00

-20.00 0 20 40 60 80 100

e 3aaly Aay aaly il LY 73kl deUsind] Ciliate Alia (21) JLal

lalll aae s
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1 Bay - 1 Storey models

100.00
90.00 84.57 85.98
80.00
70.00 59.76
60.00
50.00
40.00 36.78
30.00
20.00
10.00
0.00

1B-1S-R 1B-1S-w1 1B-1S-W2 1B-1S-W3

die 3aaly Axy aaly il LYY 7okl Silall 2 LY dlha (22) J<al)

Glall) sae yzs

tsb Lo chel saaly Aty aals Gillay 2 3laill lalll sae s of Jaadl @

Loty (33kae i) 2 3sall lie caaly)l Aplaall = 3lall gaclall il 538 v
Sle ol EDy s ddly 43 gad) 23l 8 (% 110-%87-%46)
il

iy 33 Laall 7 paill die 213 Aiphaall z3lall elaeY) JEy) v
Sle cldd ey s ddly d8shaall 23l 3 (%133-%129-%62)
il

~%98) dns gl s Gl d3e ety S IS il o Y e
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D max | V max T | Ds/Db | Vs/Vb | Ts/Tb
Model
mm KN Sec
1B-2S-B 96.51 76.64 | 1.46 - - -
1B-2S-W1 | 141.95 98.20 | 1.44 1.47 1.28 0.99
1B-2S-W2 | 166.64 | 108.83 | 1.42 1.73 1.42 0.97
1B-2S-W3 | 183.47 | 116.92 | 1.40 1.90 1.53 0.96

9 «Dmax Galasﬁ}“ Cle.).i\}“j <Vmax Lﬁd‘;lﬂ\ uasj\ B}g ‘\.\Jl&e (2) djh

aaly Aatdg cpillay - 3Lll T 3f5aY)

Analysis1

Load-step 263, Load-factor 2.6200

Displacements TDtY

min: 0.00mm max: 166.64mm

DtY
(mm)
16664
. 147 .65
126.56
105.47
84.37
63.28
42.19
I 21.09
0.00

58y Jilaill s5had ie (1B=28-W2) z3aill o0l IS (i (23) JSal
) ol 3 Ayl 4as1 clalyy) ads
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Analysis]
Mode 2, Eigen frequency 4.4282 Hz

(1B-2S-W2) zisall uall Sliay) s chw (24) JS20

1 Bay - 2 Storeys models
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100.00
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20.00

0.00
0 50 100 150 200
-20.00

e 3aaly Aty Cadilay ey Al de i) Sliaie 43l6a (25) JA
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1 Bay - 2 Storeys models
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140.00
120.00
100.00

80.00
60.00 '
40.00

96.51

®
o
©
N
o
iy
N
o

T
B
N
o
~
»
w
o

20.00
0.00

1B-2S-R 1B-25-W1

[
lve)
N

S-W2

[
ov]
N

- -25-W3

= Storey 1 1iStoey 2
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rpaaly Ay 3l O zil 3

Dmax |Vmax| T | Ds/Db | Vs/Vb | Ts/Tb
mm KN Sec
1B-3S-B | 116.58 | 69.78 | 2.23 - - -

1B-3S-W1 | 151.41 | 79.36 | 2.20 1.30 1.14 | 0.99

1B-3S-W2 | 180.35 | 86.49 | 2.17 1.55 1.24 | 0.97

1B-3S-W3 | 219.94 | 94.22 | 2.15 1.89 1.35| 0.96

35 «Dmax a1 ~ L3Ny (Vmax gacll Gaill 538 45lie (3) Jsaa
sasls daldy (3ileka O £ T 5l5iaY)

Model

1 Bay - 3 Storeys models

100.00
80.00
60.00 / —e—1B-35-B
1B-35-W1
40.00
1B-35-W2
20.00 1B-35-W3
0.00
0 50 100 150 200 250
-20.00

Basly datid g (3alsha COU ol ylaY) z okl Aoy calisie 45)laa (27) Jsd)
Glalll aae yad e
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1 Bay - 3 Storeys models

250.00

219.94
| |
[N |
200.00 180.35 172.00 -.::
|
150,00 15_1'_41 141.96 Q-:
’ 116.58 119.71 :l:l: :I
100,00 93.31 o o
. o ||
H:. 54.60 Gmt 62,65 n 7_3'66
44.26 o= ) o — F:'. —
50.00 e ., — L — g
— o —— = = _m
— = o I = o
— o = o = .
— o —— o = aE = -
0.00 — _m_ — NN | — _H — [ |
1B-35-R 1B-35-W1 1B-35-W2 1B-35-W3

= Storey 1 1 Storey2 = Storey3

s Basly dadhy (Blgh D cihUY) 23kl il ~ L) A lha (28) J<al

alall) sae s

toh Lo el saals datdy gk O £ 3l ldll) aae s o Jaadl e

iy 33he Ll zdgall gie Chalyy) Aigladl) 2 3lall gae ) il 538 v/
Sl clal Dy s ddly A8 shaall 23l & (%35-%24-%14)
o i)

Aty 33k ) z3sall die 2133 Adjhaall z3lall adac) JlEy) v
Sl ol a4l A3l 2 3lal) 8 (%89-%55-%30)
i il
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Dmax | Vmax | T | Ds/Db |Vs/Vb | Ts/Tb
mm KN Sec
2B-1S-B 33.13 | 107.05 | 0.87 - - -

2B-1S-W1 | 59.89 | 164.97 | 0.86 1.81 1.54 | 0.99

2B-1S-W2 | 81.91 | 212.05 | 0.84 2.47 1.98 | 0.97

2B-1S-W3 | 89.54 | 246.48 | 0.83 2.70 230 | 0.95

35 (Dmax alae Y1 # L1y (Vmax gaclall ail) 538 4lie (4) Jsan

Oty 3aly iy Sl T3l

Model

2 Bays - 1 Storey models
300.00

250.00
200.00

—@—2B-1S-B

150.00 2B-1S-W1

100.00 2B-1S-W2
2B-1S-W3
50.00 ’

0.00

0 20 40 60 80 100
-50.00

die opfiaidy aaly Gulay Uyl =kl de Uil calyiaie 45)l6e (29) Ll

lalll aae s
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2 Bays - 1 Storey models

100.00
89.54
90.00 81.91
80.00
70.00
59.89
60.00
50.00
40.00 33.13
30.00
20.00
10.00
0.00
2B-1S-R 2B-1S-W1 2B-1S-W2 2B-1S-W3

G die (yfiattg aaly alay chUaY) z3lad el # L) A e (30) JSa

calalll dae

:&LAGL:_T (it g aaly (Gilay zlall culall) axe S ol sl e
Lty (33hae i) 2 3sall e )yl Aplaall 2 lall sl padll 53 V0
Sl lal Dy aaly ddly A ghaall 23l i (% 130-%98-%54)
i il
Aty 33he Ll z3sall die 213 Aijhall z3lall adaely) Jlay) v
Sl clal EDl s ddly A gad) 23l & (%170-%147-%80)
i Al
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~%99) G iy Cua llll ey € I Bl A Y g v
Oo il e clal g il g Aal A8 ghaall z3lall b (%95-%97
c@she ) zasall SIFaY) )
A alad) Al 2-4
tedsall Cia i die JIBHY Gl s e oMl 508 (he 32
Cabise die e )SU Ll Aoty Gy daill Ailledl Juli apis ) Jseasll Jal (1
MmM/s*g &Ll dady MWies (Alaia)) 51N Gllal) Clua 25l Calial
sl 3l (2) 3aldl Caws (AB,C,D,E) adsall ilual ans Aiae
) Jseasl) 7353 JSI (g () adae ) g Ll pa 4ilia s [15] (g5l
& Cua (FEMA 356 [9] &1l b )5l Caagll JEY) ADle o smnally
g 3sad S de Ui Jaial adae ) JEY) daghy Cangll JUY) Aad g
&= (Max Acceleration) il abae¥) g Ll aslie 206 Jolaall (i
FETA Cilial (e Ciia JS 2ie (Demand Acceleration) sllaall ¢ Luall

Max Acceleration Demand Acceleration according to site class mm/s2 * g
Model mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-1S-B 0.257 0.25 OK 0.313 | NOK [ 0.454 | NOK | 0.533 | NOK | 0.715 [ N OK
1B-1S-W1 0.414 0.254 OK 0.317 OK 0.46 NOK | 0.541 | NOK | 0.715 | NOK
1B-1S-W2 0.602 0.261 OK 0.326 OK 0.473 OK 0.556 OK 0.715 | NOK
1B-1S-W3 0.621 0.265 OK 0.33 OK 0.48 OK 0.564 OK 0.715 | NOK

sanlgll daidlly ol Gallall 3 kel G3éad Al Gaw (5) Jsas

Max Acceleration Demand Acceleration according to site class mm/s2 * g
Model mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-2S-B 0.134 0.127 oK 0.158 | NOK 0.23 N OK 0.27 NOK | 0415 | NOK
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1B-25-W1 0.189 0.129 OK 0.161 OK 0.233 | NOK | 0.274 | NOK | 0.419 N OK
1B-2S-W2 0.23 0.131 OK 0.163 OK 0.237 | NOK | 0.278 | NOK | 0.425 N OK
1B-2S-W3 0.258 0.132 OK 0.165 OK 0.24 OK 0.282 NOK | 0.431 N OK
sanlsll dadlly cpillall <3 2 3ladl) st Alla cpy (6) U
del Max Acceleration Demand Acceleration according to site class mm/s2 * g
Mode
mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-3S-B 0.069 0.083 | NOK | 0.104 | NOK | 0.151 | NOK | 0.177 | NOK | 0.271 | NOK
1B-3S-W1 0.094 0.084 OK 0.105 | NOK | 0.153 | NOK | 0.179 | NOK | 0.275 | NOK
1B-35-W2 0.112 0.085 OK 0.107 OK 0.155 | NOK | 0.182 | NOK | 0.278 | NOK
1B-3S-W3 0.136 0.086 OK 0.108 OK 0.156 | NOK | 0.184 | NOK | 0.281 | NOK
saalgll daidlly Bsla GO b 23kl 3iaS s (7) dsos
del Max Acceleration Demand Acceleration according to site class mm/s2 * g
Mode
mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
2B-1S-B 0.154 0.213 NOK | 0.266 | NOK | 0.386 | NOK | 0.454 | NOK | 0.694 N OK
2B-1S-W1 0.286 0.216 OK 0.269 OK 0.391 | NOK | 0.459 | NOK | 0.702 N OK
2B-1S-W2 0.41 0.221 OK 0.275 OK 0.4 OK 0.47 NOK | 0.715 N OK
2B-1S-W3 0.444 0.223 OK 0.279 OK 0.41 OK 0.476 | NOK | 0.715 N OK

Oiaally aalgll Saldall <l bl (s Al (8) Jsoa

PN Adlaial) (el die adsall Caia CaEAL Calidy oY) apd of Ladl e

bl gl Cua saaly datdy aaly Bl zdlall Aalie] Gyslall Al v/
b B pdgall Ciia die N5 allall (38a5
asall i die BN Callall (3885 ol saaly datdy Gl @l 3l v
.E,D
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Ciia 35k b)) o s alsall Ciia 3y5had sl Gaskail Allad s L4
Ll e 5] laae alla adall

o Jliy Com ddglaall pualiall 8 Hialll Jealiall gl e skl (leny .5
Bl e ddailad) o Lgrcad) Gshaall ¢gind) 3,08 Cun llig Ll s
eyl 53 (e wd Lee G3hall e sl (e S lagi 0 s alias

A S5l (anyy pualinl

82



A GIE N e ydaa.a 20224 14380 44 Al ) daals da

1Gluagill 2-5

o el e Baan L #1580l G (sae ila) Nal) e Al L]
BB bl et 3wl

53 A0 P P P WP S P - [ OO [ B v S 1 W RN

83



il U 515 el o ) ga Sl Gl aladialy Baas Y g ghai L Al )2

el 6

[1] Lam L, and Teng J, 2003b, “Design-Oriented Stress-Strain Model for
FRP-Confined Concrete in Rectangular Columns”, Journal of Reinforced
Plastics and Composites, Vol. 22, No. 13, pp. 1149-1186.

[2] Fahmy M. F. M, and Z. Wu. 2010. “Evaluating and proposing models
of circular concrete columns confined with different FRP composites”,
Composites Part B, Vol. 41, No. 3, pp. 199-213.

[3] ACI440.2R-08, 2008 — “Guide for the Design and Construction of
Externally Bonded FRP Systems for Strengthening Concrete Structures”.
American concrete institute, First printing, Farmington Hills, 80p.

[4] Wang D.Y, Huang L, Yu T, Wang Z, 2017 — “Seismic performance
of CFRP-retrofitted large-scale square RC columns with high axial
compression ratios”, J. Compos. Constr, Vol. 21, No. 5.

[5] Farrokh Ghatte H, M Comert, C Demir, and A Ilki, 2016 -
“Evaluation of FRP confinement models for substandard rectangular RC
columns based on full-scale reversed cyclic lateral loading tests in strong
and weak directions”, Polymers, Vol. 8, No. 9, pp 323.

[6] Wang G.L, Dai J.G, Bai Y.L, 2019 — “Seismic retrofit of exterior RC
beam column joints with bonded CFRP reinforcement: An experimental
study”, Compos. Struct, VVol. 224, No. 111018.

[7] Chen WH, Shou WR, Qiao ZH, Cui SS, 2019 — “Seismic
performance of non-ductile RC frames strengthened with CFRP”,
Compos Struct, Vol. 221, No. 110870.

[8] Alhaddad M, Binyahya A, Alrubaidi M, Abadel A, 2021 — “Seismic
Performance of R.C Buildings with Beam-Column Joints Upgraded using
FRP Laminates”, King Saud University, Vol. 33, No. 6, pp 386-395.

84



A GIE N e ydaa.a 20224 14380 44 Al ) daals da

[9] FEMA 356, 2000 — “Prestandard and Commentary for the Seismic
Rehabilitation of Buildings”. Federal Emergency Management Agency,
Washington, D.C, 518p.

[10] Belarbi A, Hsu TTC, 1994 — “Constitutive laws of concrete in
tension and reinforcing bars stiffened by concrete”, Struct J Am concr
Inst, Vol. 91, No. 4, pp 465-74.

[11] CEB-FIP, 2010 — “CEB-FIP Model Code 2010 final draft”,
International federation for structural concrete, First printing,
Switzerland, 318p.

[12] FEENSTRA, 1993 — “Computational Aspects of Biaxial Stress in
Plain and Reinforced Concrete”, Delft University of Technology,
Stevinwegl, 2628 CN Delft, pp159.

[13] MA Crisfield, JL Tassoulas, 1993- “Nonlinear Finite Element
Analysis of Solids and Structures”, Journal of Engineering Mechanics,
Vol. 119, No. 7.

85



il U 515 el o ) ga Sl Gl aladialy Baas Y g ghai L Al )2

dahall 2012 ddalial) dlu ally ciliiall 285 5 aracail (5 5 sudl (2 jall 3 <) [14]
Andia 404 «3had Ay g puaigall A8 Al )l

86



Cmaad) Sad 3 2022 ple 1433l 44 Aaall ) daaly Uaa

o8 a0 311 Slygii gle daguaialllaglyyll yaiil
daaulai il doyull
Ol Jaan Sl 13 giSAl)

Cad) tdaaly — sl daaigh A8 — i< gal) dunigl) acd

) padls
v poalie JSG Lo Hlety ¢ A Lalls 8 Alle Aagliay (uslll 435 Canam
e Aalial bl b el G Lea Byghall g pat
iad mias Gl cesall il Aad plinl 4 cpal Sl colaal) ek
o (s AKE) Cliall 65% Canill cilasdn (mliail gy Casill Cla gl
s ARE) il b Candll Clagdi g Ajlie 1.65 grjom’ oplaie Cila
Lale Gl e cyal A (laall cuy 125 grjem’ ojlsie Gila eas
O Akl (gsinay Gilall cenall 3ol Al Gy AlSEe Sliey B e Al
Ji culSy Ll sleall il oo A3)lie Ji Con) ilagin cial dagdudl Cliall
il gl el Gy Ayl A6V Apgdayl) aly LS (msan Al 225 27%
Ll )l Plad) o ¢ LEY) Apshay (1o Ay Ayl e (il DIST 4)lE Can)l
e o Alie cilie o el A Colaal) cpelal L Auulaasy) Al Al
Claga oy Al AV skl 3ol 4 e A5l dusha) (sginas culi Gals
16% ) 5% (e dghyll ¢yt Laxie 160% sl caalig Canll
daglie e A3lie ASial) il dpakieY) (il daglia Galids) (adl) Coylas iy
clal) anall colls dushall (gsine il Ld () Aalud) Cilisall adacY)

aaae Y1 ) daslie

87




LBy 4 ) A Cia 3 e g e 4 gail) Jagl g 1) 8

Effect of structural bonds on creep

deformations of Loose soils

Abstract
Loose soil has high resistance in its dry state of the soil, and its
structure collapses suddenly when exposed to moisture, which
causes damage to the structures. Experiments showed that by
increasing the dry unit weight, the creep deformations decreas, this
decrease was 65% for remolded samples with a dry unit weight of
1.65 gr/cm3 compared with 1.25 gr/cm3.Experiments carried out
on undisturbed and remolded samples with the same value of dry
unit weight and moisture content showed that the deformations of
undisturbed samples are 27% less than those of remolded ones.
this percentage decreases as the initial moisture increases and the
creep deformations become close for both soils when moisture
closes to the saturation due to loss of the structural bonds of the
loose soil .Experiments conducted on remolded samples with
constant dry unit weight and variable initial moisture content
showed that the increase of the initial moisture, increases the
creep deformations, this increase was 160% when the moisture
changed 5% to 16%. Experiments conducted showed The shear
strength of the disturbed samples decrease compared with the

undisturbed.

Key words :structural bonds , creep deformations, undisturbed

samples, remodeled samples , maximum shear strength.
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Effect of graphite on the aging behavior
of asphalt binder

Abstract
The widespread use of asphalt paver requires continuous
development and permanent research to identify the behavior of its
constituent materials and the defects and problems that it may be
exposed to, and thus research to improve its specifications in a way
that ensures its resistance to defects and loads that it may be
exposed to, thus extending the service life of the paving layers and
increasing its durability.
In this research, the effect of graphite on the short and long-term
aging of hot asphalt mixtures was studied, by determining the ideal
proportions for the addition of graphite by conducting tests on the
properties of the modified asphalt binder, and then producing
reference samples of hot asphalt modified with the ideal proportion
of graphite and subjecting them to two short aging periods. and
long-term, and then study some mechanical properties before and
after aging, such as Marshall stability, indirect tension, water
damage test, and calculating aging indices to determine the effect of
the addition on the asphalt aggregate.
The results of the study showed that adding (10) % by weight of
asphalt binder is considered an optemum percentage to improve the
resistance properties of asphalt mixtures to short and long term
aging effectively compared to the results of unmodified mixtures.

Keywords: Graphite - short-term aging - long-term aging — Stability
-ITS
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""Effect of column cross section shape in
resisting blast loads™

Summary
Researches on explosives are being considered of the most

important topics in many countries« with the rapid development of
blast materials types and the increase of their destructive capacity:
due to their ability in reducing catastrophic explosions« especially

the death tollc through protecting the engineering facilities and

improving their ability to withstand the abrupt blast waves.
This study puts forward ideas about reinforced concrete columns

behavior« their deformation« increasing their strength to withstand

blast loading: and reducing displacement through changing the

longitudinal and transversal reinforcement and through changing
columns sections shape.

Different samples of square« rectangular< and circular columns

sections were studied with different ratios of reinforcement. They
have been analyzed using a dynamic non-linear analysis with
Abaqus software according to US standards of the variations in

explosive load« such as reverse and fallen pull and pressure« wave

delivery time« negative and positive phase continuity time« and the

speed of the waves. Different weights of the highly explosive TNT
materials were used on a fixed distance from the surface of the
column.

We discussed the results and compared the shapes of deformation

for columns and their driftsc in addition to the ultimate blast load
the column could withstand.

Key words:
Blast wave — column — displacement — deformation — modeling
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Abaqus galiy gﬁ e Nl zisadll dadai 3424

- e
Sizing Controls
Approximate global size: | 50
[ Curvature control

Maximum deviation factor (0.0 < h/L < 1.0): | 0.1
(Approximate number of elements per circle: 8)

Minimum size control

@® By fraction of global size (0.0 < min < 1.0)| 0.1

(O By absolute value (0.0 < min < global size) |5
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