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Fig.1- Gradation curves of aggregate
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Test

Property method/standards Manufacturer
Density ASTM C188[17] Azm;’%‘ CE-
Particle size Laser aranulometr Shimadzu
distribution g Y sALD-2101
ASTM C204 Azmoon CE-
Specific (Blain)[18] 120
surface area  Brunnauer Emmett Bel Belsorp
and Teller (BET) mini 1l
Loss On
Ignition ASTM C114[19] Azar Oven
(LOI)
Moroholo Scanning Electron LEO VP
P 9y Microscope (SEM) 1450
Chemical X-ray Fluorescence  Panalypical
analysis (XRF) AXxios

Tablel: Laboratory methods and equipment used to determine
the physical and chemical characteristics of Sewage sludge

ash(SSA)
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No. Cement[5] SSA[4] Water[3] gpx» Gravel [2] Sand [1]

. 400 [10]  -[9] 140[8] 1 sw6[7]  s27[6]

, 380 [14] 20 [13] ., e15 [12] 825 [11]

. 360 [18] 40 [17] 5 e13 [16] 823 [I5]

o a0 22] e0 217 0 L6 sw [20] s22 [19]
140

s 320 [26] 80 [25]

, 810 [24] 820 [23]

6 400 [31] - [30] 180 [29] o5 770 [28] 780 [27]

;380 [35] 20 34] 0 g6 768 [33] 778 [32]
s 360 [39] 40 [38] 0 og 767 [37] 776 [36]
o 340 [43] 60 [42] 0 o9 765 [41] 775 [40]
o 320 [47) 80 [46] 0 1, 763 [45] 773 [44]
1 400 [52] - [51] 220 [50] . 723 [49] 733 [48]
12 380 [57] 20 [56] 220 [55] . 722 [54] 731 [53]
13 360 [62] 40 [61] 220 [60] . 720 [59] 729 [58]

14 340 [67] 60 [66] 220 [65] o3 718 [64] 728 [63]

15 320 [72] 80 [71] 220 [70] o5 717 [69] 726 [68]

* Super Plasticizer

Table 2. Mix proportions of Treatments, kg/m?
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Property ~ Dimension SSA Cement
Density - 2.58 3.15
Particle
size pm 1-80 -
distribution
Diameter pm 8.5 80
Blain m?/kg 618 315
BET m?/kg 10156 -
LOI % 5 1.15
Morphology - Irregular Regular

Table 3 :Physical properties of sewage sludge ash and cement
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Fig.4- Particle size distribution of SSA
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Sewage Sludge Ash

Chemical

composition ~ Current M;?:;:J F Cement
WY tudiesfe]
SiO, 29.2 36.1 20.9
Al,O3 7.9 14.2 5.1
Fe,03 45 9.2 3.9
CaOo 37.8 14.8 63.6
Na,O 1.2 0.9 0.3
K20 19 1.3 0.5
MgO 3.8 2.4 2.7
SOs 34 2.8 1.6
P,0s 1.2 11.6 *
MnO 0.01 0.3 *
TiO, 0.55 11 *
F 1.7 * *
Cl 0.31 0.1 *

NUNV PR AR I

Table 4: Chemical composition of SSA in current study
compared to other SSA found in literature and cement
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Abstract:

Drict discharge of domestic wastewater (sewage) to the environment or into absorbing wells has caused
many problems including surface and groundwater pollution. To reduce such problems, the number of
wastewater treatment plants has increased significantly in Iran during the last two decades. During
wastewater treatment, a significant amount of sludge, composed of organic and mineral material, is
produced. This sludge, if not handled and disposed properly, can create serious environmental and health
issues. One environmentally attractive way of dealing with such wastes is to use them in different types of
applications. In this regard, many economical and beneficial methods have been developed to reuse sludge.
Incineration of sludge for energy recovery or the use of sludge ash in cement-based construction materials
are among these methods. Sludge incineration produces considerable amount of ash which should be
disposed. However the ash can be used as cement substitude in procuction of cement-based material. The
subject of using sludge ash as cement substitude has been investigated by a few researcher with the
conclusion that the usage of ash can affect the final cement-based product quality. Based on their
experimental results, the use of sludge ash tends to decrease the workability of fresh mortar or concrete, and
to increase the cement setting time. Also a decrease in compressive strength of mortar or concrete was
reported. However, it should be mentioned that no research has yet been done to investigatethe the effects of
sludge ash replacement on mechanical and durability properties of concrete. The main aim of this study was
to investigate the effects of sludge ash usage as cement substitude on physical, mechanical and durability
properties of concrete. For this purpose, the effects of three key parameters: replacement level ( 0-20%, by
weight), curing times (7, 28, 91 and 180 days) and water-cementitious material ratio (0.35, 0.45 and 0.55)
were investigated. The sludge used in this research was obtained from one of the local wastewater treatment
plants, which subsequently was dried and then was incinerated at 800°C to produce ash, The ash was in
general, made up of irregular grains which were aggregates of smaller particles. Also, the ash was composed
mainly of calcium, silica and aluminium oxides. The results showed that increasing the amount of sludge ash
induced higher mortar setting times as compared to the control samples, using Vicat test. The effect of ash
content on mechanical properties of concrete samples was carried out by compressive strength tests. Results
indicated that for 7 and 28 days curing time, concrete samples containing a mixture of sludge ash and cement
yielded lower compressive strength values than those samples using only cement (without any ash content).
However, for curing times greater than 28 days, the increase in ash content of concrete samples (in the range
of 0-15% by weight) led to an increase in compressive strength. Water absorption and electrical resistivity
tests were conducted to determine the durability of concrete containing sewage sludge ash. As blending
percentages of ash content increased fom 5% to 20% (by weight), electrical resistivity of concrete samples
decreased for regardless of the applied curing times. This phenomenon might be the result of increased
porosity and material ionization.

Keywords: Municipal sewage sludge ash, Concrete, Compressive strength, Durability, Water absorption.
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Table 2. Shear strength parameters at different suctions
according to Fredlund et al. (1978) approach [7]
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Table 3. Shear stresses at failure for different suction values
(data from Schnellmann et. al, 2013 [11])
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Table 4. Shear stresses at failure for different suction values
(data from Vanapalli et. al, 1996 [12])
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Table 6. Shear stresses at failure for different suction values
(data from Hamid & Miller, 2009 [14])
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Abstract:
Shear strength is one of the most important features in mechanical behavior of soils. The shear strength of

unsaturated soils is still a controversial discussion among the researchers in this field. The methods of
determining unsaturated shear strength are classified into two major categories. First, two independent stress
variables known by matric suction and net stress are employed. Further, saturated and unsaturated strength
parameters are considered to be independent. In other words, as soon as the pore water pressure becomes
negative, the saturated effective friction angle and cohesion become invalid. This approach became
significantly dominant since the validity of effective stress in unsaturated soils was questioned, as it was not
clear how the collapse phenomenon can be described through effective stress concept. In the late 90s, some
researchers referred back to effective stress concept and some ambiguity in explaining collapse was resolved.
In this approach, effective stress is the main stress variable. Net stress and suction are combined into
effective stress. The saturated and unsaturated shear strength parameters are assumed to be independent, and
there is a smooth transition between saturated and unsaturated soil modeling. In this research these two
approaches are compared by means of unsaturated direct shear experiments and some relevant experimental
data from literature. The advantages and shortcomings of the mentioned methods are analyzed. In the direct
shear experiments, a wide range of soil suction was applied to the samples. Therefore, it is possible to
compare the effective stress and independent stress approaches in a wide range of suctions. The suctions of
samples were measured by filter paper method. By plotting the failure envelopes in two approaches, the
advantage of effective stress approach over the approach of independent stress variables is obvious. This
advantage is especially drastic at higher suctions. The experimental data from literature similarly revealed
this result. Thus, it can be stated that effective stress approach is simpler and less time consuming since the
failure envelope is an identical unique line for all suctions and strength parameters of a soil at saturated and
unsaturated states. Contrary to independent stress variable approach, it is not required to measure the
strength parameters at various suctions. In other words, if the effective stress is properly estimated, the
unsaturated shear strength can be predicted straightforwardly. Effective stress parameter is the key factor for
appropriate evaluation of effective stress in unsaturated soils. One of the highly cited proposed equations for
effective stress parameter is verified by experimental data. The values of predicted effective stress parameter
and the values measured from experiment are plotted versus suction. There is a good agreement between the
effective stress parameters calculated by the equation and those measured from experimental data. Therefore,
it can be concluded that the empirical equation can accurately predict the effective stress parameter. It is
worth mentioning that by normalizing the suction through dividing it into air entry suction, the effective
stress parameter versus normalized suction becomes a unique line, regardless of soil type. Thus, the effect of
soil type and its structure is normalized by means of using suction ratio.

Keywords: Shear Strength, Suction, Effective stress, Unsaturated soils.
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Z] A-z/ll+ EXZUEAWERR ¢ +{ 1Z] ét_r ctur§ Target  Roofdrift  Roof drift
« EA A e Ale 5 = 11E A f [stgB A Eogft ratio ratio
EA,Z] A' Z% AN] N”r & EEFE{JEATIE€£4ye A(E% qp (WLSE  (WGPY
12 A d»AZ-» A|AA{ LZE¢ €»Y %EY sl Y{ omfs 2 AddoE Afbobog €]
< .. ~ 5 - ™
dtfyY °f"1f %EY [Ay E€&na 00056 0.0056 0.0077
0 SW 0.0088 0.0105 0.0131
" o PN N N . 1
LA{ %dAABX E°l»Z ERFI %A €] cw 0.0069  0.0072 0.0091
AmpAdZ/EEEHHYXEE/[~ABEE] 1 Earthquake hazard level
T, ESywZiBR|< ...Z1-» A -dwdE{ZA » Rerfermance level for walls
. ZE] . Z1it/ {ZA Ikl <Y Y€ ] VAM@] _YA u Table.5. Roof drift ratio and relevant limit-states
11 ESyEIZ AR A BZA {wiravke E{ €>ZAf» E|lu cOZu A °1,"e |UMNEEZE ¢ 1:
E~ywZfS{ ALK/ <YYE] LM \/AERES Type CASE  T(9) O(’;M 00‘378
Demand . .
1, A A 30 e A A _
O EIYIAYEAA® - AGEZAI T SUERCIN ity gsp 0002 0003
E{YAMPAQT " IPEEYEEH2AEE€“A"]Y>" 5

Capacity(CP) 0.0043 0.0098

{A§ » AAiZV»
6, Demand 0.0025 0.0056
4l = o
zlg SMFERCW Capacity(LS) 0.43 0.0025 0.0056
A Co - < = - Capacity(CP : :
BZYE &1 "e |u A ®ift OYuAEHEa %€] €E {75V 0.0026  0.0077
| ,&AE{» Demand 0.0041 0.0088
SMF+RCSW .
o] “e A ®IftOY IR % €] 10 Capacity(LS) 1.1  0.0043 0.0105
Capacity(CP) 0.0049 0.0131
B SMF+ SMF+ SMF+ SMF+
hase Case  RCSW RCW RCSW RCW Demand 0.0034 0.0069
e 5 5 10 10 SMF+RCW
10 Capacity(LS) 1.03 0.0034 0.0072
Demand 11156 12440 16827 17253 —_—
Ve Caylo_agity 17964 13943 21150 17449 Capacity(CP) 0.0037 0.0091
(kN) C;pac)ity Table.6. Ultimate and yield roof drift ratio and relevant

Demand 4381 4366 4654 4568

vy o OOV 4838 3406 5447 4838

EZA<YAE{ E{€° %uYSKA//& %EYeEY

(0 Cm” 4900 4560 5887 5112 EZA-Zl »uA>EEZAEf»>Y «Za pAym Y
Table.7. Elastic and yield base shear AEEE ¢ - { {A mA» S, y Z] A | ¢ A<
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R R

Type Case N K M (Ave) E» VBWZIHREZ Y G B EAY |m A =f»%l-AY

| A{
SMF+ Demand 32 34 33 3.3
RCSW  Capacity(LS) 3.7 4 39 3.9
S Capacity(CP) 39 42 41 4 ®1ft0a T+"» A ~¢ %l-AY AE[Zm %€] A ©
SMF+ Demand 24 29 2.6 2.6 SMF+ SMF+ SMF+ SME+
RCW Capacity(LS) 24 29 27 2.7 RCSW RCW RCSW RCW
5> Capacity(CP) 29 39 36 35 ° ° 10 10
SMF Demand 27 3 32 3 Ee 0.0025 0.002 0.0035 0.0035
+ . .

RCSW  Capacity(LS) 3.3 3.6 4 3.6 8¢kN) 2852 3406 4062 4387

10 - Table.8. Roof drift ratio and base shear corresponding to

Capacity(CP) 39 43 47 4.3 the first plastic hinge formation

SME+ Demand 22 24 26 2.4
RCW  Capacity(LS) 23 25 28 25 Rs d»AZ-» ASE"YESESSAZ  \EQrA|m

10 Capacity(cP) 29 31 35 31 ApoZ3 At —]YAe A %A 8Y «Z] %A ...
Table.10. Behavior Factor(R) according to pushover

analysis and triple equations Y -5
4 pleed Type Case NGOk M ™
{ d))AZﬂ)) A§Z//A\“YE\M‘H‘]“ a]Z Demand 2
SMF+RCSW

YEE. dfY €fEI] sY{ee{ EAf] Ec€] 'WAE%@EE(; %@W

lu A] €e€E{ ®Ift Oa - o % %ENI\IAE%ECV? e Y Demind 19 23 21 13

j 19 23 21 13

EZA %Z%- Y «{ A€l¢ \f ZBo» “dEde ¥ 1/2% 2l 15
Capatity(CP)

PN - 22 29 27 13
el dtY eY{eo{ YABRAGE A{Y[ZOEYAEZA Demand 22 24 26 12

A N n . [ < ~ SMF+RCSW | f
EeZi» sYAE{ %I-AY «{ ®iftOa e »icl -AM%M&«B&A

Capacity(CP) 33 14
®if//tOa MIlEZ e {AY ZAYAE({ €Eﬂ¢—ﬁWEW 54 11

SMF+R(

ee{ 1 ApagitykSy 21 23 25 11
{ %A|] EAf] E<€] YAE{EY{EAoAddEYl(E Z“cépacuty(cﬁj 51 26 3 L2

|A{ E» we €e{As d»AZ-» d§Y AlEﬁ@Nkaﬁwalgf E€///f ©Z"eY %EY
rawinkler and Nassar
\E€“ oY €fYs AeZt A{ €A EYE] \vawZ f§+ \EE“ nZu €A A]
Table.9. Ductility factor Eu) and over-strength factor (Rs)
%EY dig€> %{A] €eQZ]yAd AE) 1&Z@®rd|@m{ﬁjsh’6&/ aXfalysis and triple equations
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E{€°, %Y t7F «{ E€ZN1ZV»>ASAEM\EE" «Y|-» A] EY

*YAE{ BINE]» —///TAf» «A— A] A\B: B A€BZ Aoy REZIMEMEE" E€RARMT <« SA
| Z@ER e ,dtY «YA-={{Bxkl] EAf] ELYSY *2] A ETMABVETAY 215

Type Case A R

4 E{Y*M Ame{ tivee \E£" Demand 25 15 39

. x iE .. { o ..{ %?CSW Capacity (LS) 3.7 1.7 6.3
€iY €] SAZ  \E€/IR|INYI BYNZX oY £]Y Ao Capacity (CP) 39 1.7 6.7

A . . noa % £ oo Demand 28 13 37
SO+ YMPEZEIY ™MZwZRNP2AG SR ECESMERCW  copcity(Ls) 32 13 41

18 {A« Capacity (CP) 45 13 6
Demand

. .. N - N 12 36 11 41
1ZneM I EY €] EIIIEEY,8Y E°|>>zmmq1§pswmww
AeZ/llt €] E°I»ZAE{ EZAJ] MEYY A oj-fGapecly (CRA__4X 112471

Demand 38 1 39

E{YeM cZme{ tive]& YEEd 1AM € SMFI('fcw Capacity (LS) 3.6 11 4

PR -. = = - @p%éi%(%P! 43 1.2 5
dn /il ¢ \EH ﬁ]‘ BEY d§€° ®VE»Tl >Ta blc‘e.11§. BEucti'iity factor (Rp) and over-strength factor (Rs)

\E€//I‘DAA]” ve -{1]‘E/€<E€-iaY €] SAz™ \arEJ@Iﬁviorfactor(R)accordingtopushoverandIDA
> methods
A“]Ye 2]1Z7» IAve BGHAEEIl €] SAZ™
dfY E/<€] «YAE{ z] AYeEwA E{OA8 EIIE

4/EL_£‘f°_® BA|] E<€] «YAE{ Z] E{OAS EE Yy [:
JECBECDA o - foa s s

EE€E/=A/< §"u Z] AEY{IEEN/EEI] Y|

E{Y M Ame+{ tiveveApE" \E€d»AZ-» , LZ"°E E€E~a f°< €iY

Type Case N K M {¢Y{ EE€fEI] d»AZ-

Demand 13 12 13 ~J =O) . 5 o e \F ‘

Capacity(LS) 17 16 16

5 : ASZENR| BZE2a Y E§Z™ LEMZLEY o
Capacity(CP) 1.7 16 17 W . . R - B
cemand 15 13 14 A%IEMSEs \BEAY A, o dRBZAAHAZ ->
SMF;RCW Capacity(LS) 22 18 2 *YAE{ Zz] AYEWA A EA E{OAS§ EI/IE"
Capacity(CP) 2 15 17 ®YVA] A<« ArtZv» EZAAZESY ERAET B«
D d 1.7 15 14 " ~ R o - =i ~ 2=
SMERCSW emen Ze oY A -ZTA{FABEERA-Z"» LEY o
10 pecly(ts) 16 14 18 Allke AM @S t~//t A{ +{ diGE] A\ — E
Capacity(CP) 18 16 15 l {( ) % . { { . }] s
Demand 18 17 15 {€°.%0Y NRET Zz]I E»Y2AG8PADIZEY
SMESRCW capcity(ls) 17 16 14 EAVZAERN S \EELY €AAZISERRRA »
Copaciy(CP) 18 16 14 HEXBY VEZW /1Y KPE Yo b

Table.12. Correction factor for degrees of freedom
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Z] AYEYA E{OARAEIINE Ay o BERG ML EY (€° vuK| WA/ $IZEXERR 2/t
A-nA eZ7eeY of eof BA[] A oY {oole ELIA | ERIKE] B YRRIABRIEHIE €
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Abstract:

Earthquake loads induce significant damages and cause widespread failures into buildings. Having appropriate
system against seismic loads is a minimum necessary requirement for a structure Moment Resisting Frame
Systems (MRFS) are one of the common seismic resisting systems against lateral seismic loads. Ductility is
the most important properties of these kinds of systems; but increase in ductility leads to decrease stiffness
and increase lateral deflections and hence induces damages to nonstructural components. Although stiffness
can be magnified through increasing section sizes of members, but it would not be economical. To compensate
this deficiency, the combination of these systems with reinforced concrete (RC) shear walls may be useful.
Although in general, this combination (RC shear walls and MRFS) decreases the section size and increase
stiffness; but in low rise structures using this combined system cause decrease in ductility and dissipation of
energy under moderate/strong earthquake This deficiency can be improved by using vertical slits in RC shear
walls of low to moderate height. These slits invert shear behavior of RC shear wall into flexural behavior of
several columns and are able to increase ductility. So, for the first time in this paper, a study was conducted
on introducing behavior factor (R) for Steel Moment Frame (SMF) with reinforced concrete slit shear wall
system at two levels of demand and supply.

In view of existing concerns about precise of behavior factors in seismic design codes, due to developing these
factors based on engineering judgment from observing seismic performance of structures subjected to past
earthquakes besides the lake of these information in current seismic design codes causes the seismic design of
RC slit shear wall system needs more research works. The behavior factors are used to reduce the linear elastic
design spectrum to account for the energy dissipation capacity, over-strength and redundancy of the structure.
The most distinctive feature of this study respecting to similar studies is multi-level definition of behavior
factors and their extraction with respect to seismic intensity, and accepted damage level as expected
performance levels in designing RC slit shear wall structural system. Hence, the demand/supply behavior
factors are determined with a more accurate attitude involving the effective parameters such as ductility, over-
strength, redundancy, seismic hazard level, performance levels, etc.

In this study, to determine the appropriate behavior factor, static pushover analysis along with Incremental
Dynamic Analysis (IDA), are used. The behavior factors in two levels of demand and supply are obtained with
two procedures: At the first, the pushover analysis was applied on case study structures and then (R, £T)

relationship for SDOF system of Newmark and Hall, Nassar and Krawinkler, and Miranda to evaluate behavior
factor for MDOF structures were used. At the second stage both pushover and incremental dynamic analysis
were used to achieve directly the behavior factor for MDOF structures.

In this paper, two 5 and 10-story steel moment resisting frame with RC slit and ordinary shear wall systems
were designed by ETABS software. These structures were designed in which their behavior factors were the
same values. Then the pushover and IDA were conducted on sample structures using nonlinear analysis
software PERFORM. Results show that, although initial elastic stiffness has not been considerably changed in
slit RC shear wall systems, but they show higher behavior factor relative to regular RC shear wall systems.
Converting the shear behavior of RC ordinary shear wall to ductile flexural behavior of a series of wall pieces
as columns by providing slits in shear wall may be considered as the reason for achieving more ductility and
dissipating high seismic energy in this innovative systems.

Keywords: steel moment frame, reinforced concrete slit shear wall, behavior factor, pushover analysis,
incremental dynamic analysis
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