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ABSTRACT

The seismic and wind load acting on the 2-storeyed building of dimension 120 ft x 98 ft
located in Oxford, MS, were calculated and the seismic load was considered for the design of the
120 ft long and 24 ft high load-bearing wall because it being critical. The maximum loading was
computed using different load combinations. The masonry behavior and masonry specifications
were considered to select the masonry unit, grout, and mortar for the load-bearing wall. The
seismic design requirement for the shear and slender wall was fulfilled for the special reinforced
masonry wall. The in-plane and out-of-plane loading scenarios were considered for finding the
required reinforcement in the wall to resist the bending moment and the shear. The special
reinforced masonry wall was designed using the Strength Design method. The cost of construction
of a 24 ft high wall with reinforced concrete and the reinforced masonry was computed. It was
found that the construction with reinforced masonry came out much cheaper as compared to the

construction with reinforced concrete.
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CHAPTER 1

INTRODUCTION

The advancements in the civil engineering and construction industry have created many
structural designs for the various structural walls with various types of loading in them. The safe
and reliable operation of those structural walls is very important for holding the building structure
for a long period without failing, upholding public safety. While constructing any load-bearing
wall the cost and function come into play. Even though the reinforced concrete wall is capable of
holding the maximum loadings, the cost of a reinforced concrete wall is very high. In that scenario
where cost is an important factor to consider, a reinforced masonry wall in a building structure
seems to be a good alternative. The reinforced masonry wall is very resistant to the tensile and
shear stress-producing forces due to its combination of masonry units, reinforcements, grout, and
mortar. The reinforcement in the masonry wall provides the required ductility and additional tensile
strength to the masonry wall. Thus, reinforced masonry walls in the low-rise building can aid or

replace reinforced concrete walls.



1.1 Project Overview

A two-storeyed commercial building of 120 ft x 98 ft footage and 24 ft total height
located in Oxford, Mississippi needed to be designed as part of the senior capstone project. In
that project, the building was designed with a rigid-frame structural system where cast-in-place
(CIP) reinforce concrete (RC) beams and columns are present to resist the moment caused by
the dead and live gravity loads in the building. In that system, non-load-bearing 8 inches RC
walls are present around the perimeter of the building between the columns, around the
elevator shafts, and stairwells. Taking the same project and building as a reference, the
system of RC perimeter walls and exterior RC frames of the building is replaced with the load-
bearing reinforced masonry walls. This leads to a dual masonry wall-RC frame system.
Replacing the RC perimeter walls and frames with reinforced masonry (RM) walls decreases
the construction cost and reduces the number of columns and beams used in the building,
leading to more open space within the structure, and thus would increase profitability. The RM
shear wall system in the building is shown to provide adequate resistance to the lateral forces

such as wind and seismic.




Figure 1: Top View of the Building
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Figure 3: Front View of the Building

1.2 Masonry Wall

The building structures are categorized into three main types: low-rise, mid-rise, and high-
rise based on the height from the grade level. The building of 60 feet or less height where the

height is no longer than the least horizontal dimension are called low-rise buildings (SEI 7-05).



These are the buildings which are usually 4 or fewer stories in height. These buildings can be

constructed with various types of masonry materials.

Masonry walls are the walls built with the masonry units like bricks, blocks, stones, marbles,
tiles, granites, and so forth bounded together by a mortar, which can be cement, soil, lime, or any
other material. These walls provide strength, durability, and insulation to the building structure.
Based on the types of the individual masonry units selected and the functions of the wall, they are
mainly classified into 5 types. They are Load Bearing Masonry Wall, Reinforced Masonry Wall,
Hollow Masonry Wall, Composite Masonry Wall, and Post-Tensioned Masonry Wall. The
reinforced masonry wall is the one that is particularly selected for this project. The reinforced
masonry can be both load-bearing and non-load bearing. The load-bearing walls take all the load
from the roof and floor level to the ground while the non-load-bearing wall doesn’t take any loads
from a roof or floor level. Load-bearing walls are used in this project which takes a few of the
loads from the roof and the floor level to the ground. Along with the load-bearing walls, the

columns in the center also takes the load from the roof and the floor to the ground in this project.

The reinforcement in the wall withstands the tension, compressive, and lateral loads like
wind and seismic, and reinforcement help to avoid the cracks during heavy loading and seismic
events. The horizontal and vertical reinforcement and spacing are selected based on the loading
and structural condition on the wall. The mortar and grout in the masonry wall help to stabilize the
reinforcement and provide the stability and strength to the wall. Based on the amount of grout used
in the reinforced masonry walls, they can be partially grouted or fully grouted. Partially grouted
means only adding the grouts to certain masonry units leaving the voids in the middle while fully

grouted means filling the void space between the masonry units with grout, which is a cementitious



binding material. The partially grouted reinforced masonry wall is the one that is designed in this

project, being a partially grouted wall more economical than a fully grouted wall.

1.3 Material Selection

The reinforced masonry wall gets its strength and ductility from the four different components

and their composite action. The four main components of the reinforced masonry wall are:

1. Concrete Masonry Units (CMUs)

These are usually hollow rectangular blocks made up of Portland cement, aggregates,
and water. They are brittle and have very high compressive strength. They come in various
sizes and weights. Standard Specification for Load-Bearing Masonry Units (ASTM C90)
provides requirements for materials, dimensions, finish, and appearance of CMUs. The two
types of CMUs are selected based on their functions and shapes for this project. They are
8x8x16 Standard CMU and 8x8x16 Bond Beam. Normally standard size concrete block is
used in the wall for vertical reinforcement and vertical grouting. However, the bond beam
is used in the wall where horizontal and vertical reinforcement is necessary for the wall.
The actual dimensions of CMUs are 3/8 inches smaller than the nominal dimensions to
allow for mortar joints. The CMUs of compressive strength (f 'm) 2000 psi, unit weight of
(ym) 125 psi, and modulus of elasticity (Em) 1,800,000 psi are used in the project. The actual

sizes of the CMUs are shown in the figure below:



1" _MIN
1" MIN- e - 1%" MIN

Figure 4: Concrete Masonry Units (CMUs) (4.a.Standard CMU;4.b.Bond Beam CMU)
2. Reinforcement

The reinforcement is provided in the wall in both vertical and horizontal directions,
and in joints of the CMUs to provide the necessary ductility to withstand the moment, axial,
and lateral loadings. The deformed and plain carbon steel bars of Grade 60 with a yield
strength (Fy) of 60,000 psi in the vertical and horizontal direction and ladder-type joint
reinforcement in the horizontal direction between the CMUs layers are used in the wall.
The deformed bars of sizes ranging from #3 (0.375 in diameter) to #9 (1.128 in diameter)
are recommended to use for the strength design of the wall. The typical way of

reinforcement in a partially grouted reinforced masonry wall is shown in the figure below:



Vertical steel

Horizontal steel
in bond beams

Figure 5: Reinforcement in Partially Grouted Reinforced Masonry Wall
3. Mortar
This is the mix of cementitious materials like Portland cement, fine aggregates (sand),
and water. It acts as a bonding material between the individual concrete masonry units and
converts individual units into a solid unit. Type M mortar made up of Portland cement with
an average compressive strength (f ’c) of 2500 psi and maximum air content as 12% is
selected for the wall.
4. Grout
It is the mixture of cementitious material, aggregate, and enough water (to enhance
steady flow) placed in the cells or cavities in the wall (at least when steel reinforcement is
present). The bonding of grout with steel and the CMUs blocks acts together for resisting
the loadings in the wall. Grout for Masonry (ASCE C476) provides requirements for grout
in masonry construction. The water content in the grout is adjusted in such a way that the
slump is between 8 to 11 inches to increase the workability of the mix. The grout with

average compressive strength (f ’c) of 2500 psi is selected for the wall.
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CHAPTER 2

RESULTS AND DISCUSSION

2.1 Loading on Masonry Wall

The partially grouted reinforced masonry wall is loaded with the dead and live load from the roof

and floor level whereas the lateral loading is because of the wind and the seismic force. As the 120

ft span of the wall is more critical because of the beams and columns running in the same direction,

it is considered for designing purpose so that overall designing of the wall located in the outside

perimeter of the building will be safe with a higher factor of safety. The dead and live load from

the roof and the first floor acting in the wall is calculated by taking the tributary area equals to the

area covering half of the length from the center of the wall to the nearest beam running and it is

shown in the table below:

Table 1: Dead and Live Loads on Reinforced Masonry Wall on 120 ft span

Dead Load From Roof | Dead Load From 1% Floor | Live Load From Roof | Live Load From 1% Floor
(psf) (psf) (psf) (psf)
157 208.5 20 60
(plf) (plf) (plf) (plf)
1904 2528 243 728

2.1.1 Wind Load

The wind load acting in the 120 ft long span of the partially grouted reinforced masonry

wall is determined considering the wind speed of 110 mph [5]. The risk category and surface

8




roughness category are considered to be R2 and C respectively [5] for determining the wind
loading. The Main Wind Force Resisting System (MWFRS) is an assemblage of structural
elements to provide support and stability for the overall structure and wind loading from more
than one surface and this approach along with Method 6: 2015 IBC Section 1609.6 is used to

determine the wind pressure acting in the wall.

Table 2: Wind Load Acting on Zone A, and Zone B of Building Wall

Zone Wind Load

(psf)
A(i.e.Upto 10 ft from the end of the wall) 26

C(i.e. Anywhere in between 10 ft from the 17
end of the wall)

The figure below shows the action of the wind pressure at zone A which is up to 10 ft from

the end of the wall.

Figure 6: Wind pressure acting on Masonry Wall at zone A



2.1.2 Seismic Load

The seismic load acting in the wall is calculated considering the Risk Category for building as

Il and site class as D. Using the ASCE/SEI 7-05 for the structural wall, the following formula is

used to calculate the out of plane seismic load for the wall.

E, = 0.4SpslW,
Where, Sps = Numeric seismic design value at 0.2s period
Ie = Seismic Importance Factor = 1
W, =Weight of the structural wall in (psf)

The out-of-plane seismic load is found to be 38.9 psf.

The total base shear (V) for the building under seismic load is 107 kips. The force is calculated at

various levels of the reinforced masonry wall like as shown in the table below:

Table 3: The Force calculation at the various Heights of the Masonry Wall

Floor
Level . h Wx | Wx.h&| C F V, / Stor OTM
HE’Ight X X VX X x/ )
, . , , kips-
(ft) (ft) | (kips) | (kips-ft) (kips) (kips) { ;f)s
Roof 24 24 389.7 9354.0| 0.543 58 0 1397
First Floor 12 12| 655.1| 7861.1| 0.457 49 58 587
Ground Floor 0 0 581.1 0 0 0 107 0
3 17215.1 1 107

The maximum overturning moment due to loading is 1397 kips-ft which is at the top of the

masonry wall i.e. 24 ft.
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The figure below shows the action of the forces in the reinforced masonry wall.

(kips)
58

12 ft
49

12ft
0 L

Figure 7: Force acting in masonry wall at various heights due to seismic

2.1.3 Final Loading on Masonry Wall
While comparing the wind and seismic loads acting on the reinforced masonry wall

located in Oxford, MS, seismic load comes out to be more critical. So, seismic loading is
considered while designing the masonry wall under both in-plane and out of plane loading. It
means the wall needs to be designed for 38.9 psf out of plane loading, 107 kips base shear, and
1397 kips-ft overturning moment. The following table shows the loading applied to the

reinforced masonry wall for designing with a Strength Design approach:

Table 4: Design Axial and Lateral Loading on the Masonry Wall

Loading psf plf Direction
Types
Dead Load 365.5 4432 Along the
(Roof + First Floor) Length
i Live Load 80 971 Along the
Axial (Roof + First floor) Length
Weight of Wall 48 576 Along the
Length
Wind Load 26 3120 Along the
Lateral Height
Pressure Seismic Load 38.9 4668 Along the
Height

11



2.2 Design of Masonry Wall for out-of-plane loading

The masonry wall is designed to withstand the out-of-plane loading caused by lateral forces
like wind and seismic. The strength design procedure is followed with the fulfillment of TMS 402-
16, Building Code Requirements for Masonry Structures, and TMS 602-16, Specification for
Masonry Structures. One foot length of the wall is considered for the out-of-plane loading in the
wall. The shear and moment acting on the wall due to axial and lateral loading is calculated and
based on the shear and moment values the primary reinforcement is determined which comes out
to be #9 bars @ 32 inches center to center spacing running vertically throughout the length of 120
ft. Before finalizing the reinforcement for the out-of-plane loading case, the maximum moment
strength and the deflection requirement are checked for the preliminary amount of reinforcement.

The wall deflection and out-of-plane moment are calculated using the following formulas.

wy h? Pre
M, = 2~ + L

=+ -+ RS 2.2.1

2 P e
e e
5, = 0 2 lg 22.2
u - 48Em]l e
%‘(Puw"‘lauf)

Where: My = Maximum out of the plane moment
&, = Maximum wall deflection
h = Height on the wall
Pur= Loading from floor
Puw = Loading from wall
or = Cracking moment
or = Cracked moment of inertia

12



Ig = Uncracked moment of inertia

Em = Masonry modulus of elasticity

The two goals of the design are:

1. The out-of-plane moment strength of the masonry wall must be greater than the factored

out-of-plane moment demand.
ie. oM,, = M,,
2. The horizontal deflection at the mid-height under service loads must be less than 0.007H.

i.e. 5mid height < 0.00H

Table 5: Reinforcement for the Out-of-Plane Loading (Slender Wall)

Reinforcement Type Reinforcing Bars and Spacing
Vertical #9 bars @ 32 inches c.c spacing

2.3 Design of Shear Masonry Wall

In masonry buildings, shear walls are the main elements of the lateral load resisting system
buildings. The code (TMS 402) requires 80% load resistance to be provided by lateral walls if a
response modification factor (R) is greater than 1.5. There are four primary causes of shear wall
deflection: Shear, Flexure, Sliding, and Rocking. Among those, shear and flexure are the two main
reasons for wall deflection in this project. The shear or flexural deformation depends on the aspect
ratio: wall height (H) to its length (L). If 0.25< h/L < 4 then there is the possibility of both shear
and flexural deformation. If h/L < 0.25 then the wall will more likely to deform due to shear while
if h/L > 4 then it will primarily undergo flexural deformation. In the project h/L ratio is 0.24 which

is less than 0.25 so it will deform due to shear. However, the wall is designed against flexural
13



response to resist the seismic loads and provide adequate ductility in such seismic events. The

Strength Design approach is used to design the shear wall in this project.

As the Seismic Design Category (SDC) for this project is D, the only type of masonry shear
wall is the special reinforced shear wall according to ASCE 7-10. The table below shows the

reinforcement requirement for various types of shear walls.

Table 6: Reinforced Masonry Shear Walls in various SDCs

Seismic Ordinary Reinforced Intermediate Special Reinforced
Design Masonry Shear Walls Reinforced Masonry Masonry Shear
Category Shear Walls Walls

A Permitted Permitted Permitted

B Permitted Permitted Permitted

C Permitted Permitted Permitted

D Not permitted Not permitted Permitted

E Not permitted Not permitted Permitted

F Not permitted Not permitted Permitted

The vertical reinforcement in the shear wall can resist the moment demand only. The shear
corresponding to the nominal flexural strength is calculated. The total shear strength is the sum of
shear strength from masonry and the steel reinforcement. The vertical, horizontal, and joint

reinforcements are determined based on the following inplane loading acting in the shear wall.

14
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Figure 8: In-Plane Loading in the reinforced masonry wall
The reinforcement obtained in the shear wall from the calculation was verified following TMS
402-08/ACI 530-08/ASCE 5-08 codes for minimum and maximum requirement for the partially
grouted special reinforced masonry wall. The following table shows the reinforcement requirement

in the shear wall:

Table 7: Reinforcement for the In-Plane Loading (Shear Wall)

Reinforcement Type Reinforcing Bars and Spacing
Vertical #6 bars @ 32 inches c.c spacing
Horizontal #5 bars @ 48 inches c.c spacing

2.4  Reinforcement for Masonry Wall

The ultimate reinforcement requirement from both slender (out-of-plane loading) and shear (in-
plane loading) wall conditions are considered for the final design so that there will be a higher
factor of safety and the lateral and axial loading will not lead to the failure in the structure. The
table below shows the final special reinforcement for the partially grouted reinforced masonry wall

to uphold all the axial and lateral loading conditions.
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Table 8: Final Reinforcement for the Partially Grouted Reinforced Masonry Wall

Reinforcement Type

Reinforcing Bars and Spacing

Vertical Reinforcement

#9 bars @ 32 inches c.c spacing

Horizontal Reinforcement

#5 bars @ 48 inches c.c spacing

Horizontal Reinforcement around the
openings

#5 bars with a development length of 28
inches past the opening

Joint Reinforcement

Ladder-type joint reinforcement

The figures below show the designed special reinforcement in the partially grouted reinforced

masonry wall:
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Figure 9: Reinforcement Detailing for Partially Grouted Reinforced Masonry Wall (Front view)
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Figure 10: Reinforcement Detailing for Partially Grouted Reinforced Masonry Wall (Portion

of the front view)

2.5  Cost Analysis

The construction of the perimeter wall of the building with the reinforced concrete and
the partially grouted reinforced masonry is calculated and compared. The reinforced concrete
wall is a non-load-bearing wall of thickness 8 inches while a partially grouted reinforced
concrete masonry wall is a load-bearing wall which means the masonry wall takes a certain
portion of the roof and floor load to the ground. Also, using load-bearing masonry wall replaces
the 8 columns of 12 in x 12 inches dimensions and 4 beams of 22 in x 30 in cross-section in

the 120 ft span of the building from the construction of the non-load-bearing wall. Considering,
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the cost of concrete for 27 cubic feet or 1 cubic yard as $120, the cost of one concrete masonry
block of dimension 8in x 8in x 16 in, as $2, and the grout is placed at every 32 inches horizontal
distance between the center of the bars, the construction cost is calculated. The cost for

construction with both types of materials is shown and compared in the table below:

Table 9: Cost Comparision of the Reinforced Concrete Wall and Partially

Grouted Reinforced Masonry Wall

Reinforced Concrete Wall Partially
Grouted Reinforced Masonry
Wall

From 8 in Wall: $29,955 From Blocks: $23,058
From 4 Beams: $9,778 From Grout: $7,751
From 8 Columns: $853

Total (round figure) $41,000 $ 31,000
Total Saving | $10,000

The table shows the selection of reinforced masonry load-bearing wall as construction design
will reduce the cost by almost $10,000 as compared to the construction of a non-load bearing

reinforced concrete wall of 8 inches.
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CHAPTER 3

CONCLUSION AND RECOMMENDATION

The partially grouted special RM load-bearing wall in the outer parameter of the 2 storeyed commercial
building located in Oxford, MS is designed for the axial loading due to dead and live gravity loads from the roof
and the first floor, and lateral loading from wind and earthquakes. The vertical, horizontal, and joint reinforcement
along with the partial grouting is determined based on the minimum requirements and the 2009 International
Building Code (2009 IBC), and Building Code Requirements for Masonry Structures (TMS 402-08/ACI 530-08,
ASCE 5-08). The cost of construction with 8 inches wide partially grouted reinforced masonry is almost $10,000
cheaper than that of the RC wall of 8 inches wide.

More detailed analysis and calculations are needed to get the most economical and safest partially grouted
reinforced masonry wall. The masonry wall will gain strength if it is grouted fully, filling all the void spaces in
the masonry blocks rather than partially grouting it. However, that will be expensive from the costing point of

view.

19



LIST OF REFERENCES

[1] J.R. Ubejd Mujagic, J. Daniel Dolan, Chukwuma G. Ekwueme, David A. Fanella, Roger A. LaBouble,
Structural Design of Low Rise Buildings in Cold-Formed Steel, Reinforced Masonry, and Structural timber.
MHID 0-07-176792-4, ISBN: 978-0-07-176792-7.

[2] W.C Panarese, S.H. Kosmatka, and F.A. Randall Jr, Concrete Masonry Handbook for Architects,
Engineers, Builders, 5" Edition.

[3] Christine Beall, Masonry Design and detailing for Architects, Engineers, and Contractors, 3" Edition.

[4] Edwin H. Gaylord Jr, Charles N. Gaylord, James E. Stallmeyer, Structural Engineering Handbook, 4%
Edition.

[5] Structures & Codes Institute, 2015 SKGA, CodeMaster, Wind Design Overview. ISBN 978-1-936039-
34-0.

[6] Structures & Codes Institute, 2015 SKGA, CodeMaster, Seismic Design. ISBN 978-1-936039-29-6.

[7] Structures & Codes Institute, 2015 SKGA, CodeMaster, Seismic Design Category. ISBN 978-1-936039-
27-2.

[9] 2016 ASCE: Minimum Design Loads and Associated Criteria for Buildings and Other Structures (7-16).
American Society of Civil Engineers 2016.

[10] NCMA TEK, TEK 14-18B, Seismic Design And Detailing Requirements For Masonry Structures.
https://ncma.org/resource/seismic-design-and-detailing-requirements-for-masonry-structures/.

[11] Richard Bennett, Design of Masonry Shear Walls, May 10, 2018. https://masonrysociety.org/wp-
content/uploads/2019/03/Design-of-Masonry-Shear-Walls_2018-05-10.pdf.

[12] ProMatcher | Concrete, Concrete Costs $ Prices - ProMatcher Cost report
https://concrete.promatcher.com/cos

20



APPENDIX

A. Excel Worksheet for Material Selection

"Designing of low-rise building with partially grouted reinforced masonry”

Mortar:

Steel:

Grout:

Reinforced Masonry Unit:
8x8x 16 Bond Beam
Thickness of CMU (b) 8 in
Actual Thickness of CMU (t) 7.625 in
Compressive Strength (', or o) 2000 psi
Unit Weight of Masonary (y,) 125 psi
Modulus of Elasticity () 1800000 psi
TypeM
28 Days Compressive Strength (f') 2500 psi
Maximum Air Percentage 12%
Grade 60
Yield Strength of Reinforcing Steel (f,) 60 ksi
Modulus of Elasticity (E;) 29000000 psi
Slump 8toll in

194 JIN
1" M 5

(For Workability)

Image A: Materials Selection for Masonry Wall
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B. Excel Worksheet for Wind Load Calculation

Wind Loading
Risk Catagoey R2
Basic Wind Speed (3 Second Gust) 110 mph (At 33 ft sbowe ground in Esposure Category C and Speed (V) of ASCE 7-10)
Mean Soof Heighe (b) 25, {For roof angle < 10 degravs . b » o) So for Flat reof h-o)
For Expozure Category:
Surtace Roughness Category C {Open -—th < se ons hoving heights generally lezs than 30 feet)
Imgertance Factor {i) 1 {For normai putkding withot any Aararifiows motenals i it)
Adpstiment Factor for Bullding Meght sod Dxgosareid) 135 - ——— T—-—m
Enciozed Classification: - -
Aves (A 3852 8° s’ = = s
Openings Area (A 354 f° {For Main Docrs) - -
coag na2nat
apt
Soce A, >4 1T, 30, Purtioll fnciosed Buiidiog
Wind Dwectiongity Factor [0y oxs .35 g for Buildings, From ASCE 7-30 Toble J6.6-1)
Topography Factor (€} 8 (No ot upt (honges in the Topography amd sTrucTry in on (rved Groust)
{From ASCE 7-10 Section 26.8)
Gust Effec Factor (G) oss (For Rigid Structuses)
Accerding to ASCE 7-10 Section 26.3.2, Low Rise Buiidings (Meen rocf height (k) < S0 ) are considered Rigid
The duriding heve Fumde J fre y >= INZ end Fundementsi Periad =< 1 second)
Main Wind Foru Risisting Spstus (MWIRS)
|An lage of | 15 provide wpport and statslity for overall struttire snd wind lowding from mre than one vrface|
Use Method G MP15ABC Section 3006 (Alternate AN Helght Methos)
|Aephcato 10 meia diaphgram Dulding with & fee 20 f B /L oL =<3 € Fundamentsl Panod =<1 oL Bxlsa
|—_—— L.
|Foor Dl Wisi Pressuse () hor MWIRS: +-2
I PRSI Bpenainin | o o]
Tone Pso [ b
tosli sy ] -Ab—-‘:n;m.w--np
A 19.2 B g . < npan e mataisi moting | =
B -10 -14 Pa + Semphind dovign vt provaes b Bamons R
c 12.7 17 ‘uw ot ::: ::?‘llbltlun i e LN .':_. :
o %9 3 L -
o o g i e S Seci | W0 6T 1 i
| Ol it e o TR, g B v, S o p
| Fora Lowwn A LTl 0 vt 0+ gl 0 AN AN | —-—
10 parcent of ket horauntal dimensan asn O smmagBame 8,70 <0l Sheqrui s hpd
on 24n oshn
{1t emeamrs 26 psf will oct af the distiwce of 9.6 1t from te eod of the
! from Dotk end and (n the swiddl 17 o5f will oct)
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Image B: Wind Load Calculation
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C. Excel Worksheet for Seismic Load Calculation

Earthquake Dasign Parameters;
Risk Category for Bullding
Site Class
MCE, Peak ground motion (period=0.25) (S.]

MCE, Peak ground maotion (period=1.0s) (S,)

Shart Period Site Coeffecient (F,)

Long Period Site Coeffeclent (F,)
Site-modified spectral acceleration value (Syy)
Site-modified spectral acceleration value (S,
Numeric seismic design value at 0.25 SA {S,,)
Numeric seismic design value at 1.0s SA {S,,)
Risk Category

Selsmic Importance Factor (1,)

Structural Roof Peak Height (h,)

Number of Stories in Building (N)

Response Modification Factor ( R)
Overstrength Factor ()
Deflection Amplification Factor (C,)
The Seismic Response Coeffecient (C,)
Time Perlod {T)
TI

{C5 ),
S0, The Seismic Response Coeffecient (Cs)

1

#]
0.4145 (Based on ASCE 7-16) and ATC Hazard Calculation)
0.178g (Bosed on ASCE 7-16) and ATC Hazard Calculation)

1.457 (ASCE 7-16, Table 11.4-1) and By straightline interpolation
OK, as greater than 1.2 for site class D)
1.884 (ASCE 7-16, Table 11.4-2) and By straightline Interpolation
0.608g (Spus=F.x5,)
0.8g (Spy =F . x5,)
0.405g (S g5 = (2/3)X5 pas)
0.267¢ (S o =(2/3)xS )
C(0.33g=5, <0.5¢g)(From ASCE 7-16, Table ASCE 11.5-1)
1 (From ASCE 7-16, Table 1.5-2, For Risk Category 1)

24 ft
2

2 (From ASCE 7-16, Table 12.2-1)
2.5 (From ASCE 7-16, Table 12.2-1) {For Ordaniry reinforced AAC Masonry Shear Wall)
2 (From ASCE 7-16, Table 12,2-1)
0.2025 (Cs =S /RN, ))

0,22 sec (T=C,*h,")
12 sec >T [Sa, T<T\)
0.93376 >0.2025 (0¥] [Cs =5 /(TIRS, )]
0.2025
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For Weight of Building:

Dead Load Uve Load
psf psf

Roof 157 20
First Floor 208.5 60
Ground Floor 208.5 100

I 365.5 80
Area of Building [A) 11760 fr*
Total load 5259208 Kips

For Wall:
Tributary Area (A,) 1a8s fr’
Slab{Uive «Dead) 55.12 pof = 53 kips
Number of Masonry Units Required 11529
Masanry Wall 472.7 Kips {41 Ib for each unit of 8xBx16 in Band Beam )
Bars 2.2 Kips {For #8 Bars of 1 inch Diameter Placed at 32 Inches distance In wall, Wt of # 8 bar Is 2.67 Ib/ft)
Grout in Masonry 54 Kips (i Grout of Unit welght 150 pcf is placed at 32 inches of distance in the wall)
No, of Masonry with 34 {f Grout is placed at 32 inches of distance in the wall)
Grout

Wt. of Masonry Wall 428.9 Kips {Bond Beam + Grout + Bars)
Total Weight of Building (W) 581.8 Kips
Base Shear (V) 107 Kips

Vertical Distribution Of Lateral Forces:
Exponent related to Structural Period (k) 1 (k =1 for Period 0.5 sec or leas, k=2 for Period 2.5 Sec or more)
Number of Stories {N)
Ground Elevation (GE)

(lips)
58
Level |Floor Height| b, wx | wx.h' Ca. F, v,/ Story oT™m I
" tr) (kipe] | (kipe-ft) (hipal fkipa) (hips-fr}
Roof 24 24 389.7] GS354.0] 0.543] 58 0| 1397 24
First Floor 12 12| 6551 78611  0.457 43| su) 547] 49
Ground Floor 0 ol 5811 0| [ 0 107 o]
| I 17215.1 1 107 | 12ft
S0, 0 )
Level Pressure :
(osf}
Roof 81
First Floor 34
Ground Flood 0 (psf)
| B1
.
The out of Plane Seismic Loading: ! 9 |
Fas 111.92 Kips E, = 0.45p.0: W, _ 12h
389 psf (ASCE/SEI 7-05) n
[Greates than the wind load) = :
B |12f1
o =

Image C: Wind Load Calculation
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D. Excel Worksheet for Designing the Reinforced Masonry Wall for Out-of-Plane Loading
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Determination of Required Strength including

ASCE.7 Commentary Table C3.1
Wall weight « 13 psf
Wall properties based on NCWVA TEK 14.1D

A= 53.7 In” /It
= 360.5 in"/fr
- 2.59 in

Stenderness Lffects (TS 402 Section 9,.3.5.4)

Mo Berssemnt vermmen Fropereses Unmass Spanmeeg borve o |

Checking the factored Axial Stress - 0.9
Pu=- 3945.9 b
PA - 735 psi - 0.051",, - 100 ps) mrrMs 402 Section 9.3.5.4.2)
M= W h'/R « P e /2P, ", (TMS 402 Eq. 9-23)
- (SM.h7)/(A8E..1) it M =ML (TMS 202 Eq. 9-25)
- (SM_o M /(ABE 10+ (5(M -M_1h" ) /(A8E 1) " M > or =M., (TMS 402 Eq. 9-26)
Assume, e~ 0in
f= 153 psi (1 grouted cell/4 cells) + 51 psi (3 ungrouted cells/4 cells) 76.5 psi (TMS 402 Table 8.1.59.2)

(Note: Linear interpolation for 1/6 cells grouted)

M= (f+P/A)(15/(t/2))= 14182 in-1b

(TMS 402 Section 8.3.5.4.4)

C=(Af,+P,)/(0.64f . b)= 27in (TMS 402 Eq. 5-31)
Ia=EJEm(A.,+(P,t:,/f\,Zd))(d-c)l+bc3/3= 617 in* (TMS 402 Eq. 9-30, t.;/2d=1 for centered reinforcement)

w,h? e
Solving for M,, u8 +Py ¥ )

M, = ——sizrl ifM <M,
-y
M= 43248 in-Ib > Mer 14182 in-1b - 48E,/,
Determination of Nominal and Design Strength wuh-’ P e, 5Mc, Ph( 1 1
a= (Af+Py/$)/(0.80f zb) = 219 in M = 8 w2 B8k, | L M
o = 5pdh.’ ! .2 Mu
M=(Py/d+Af)*(d-22) = 762617 Ib-in 48E,,/,
Design flexural strength = M, = 68635.5 Ib-in > Mu 43248 Ib-in -
Defiection:
“= 0.6 in < 0.007H 1,008 in fokay) | 8, <0.007h (Deflection at Mid Height)

|so, USE #9 Bars @ 32 in C.C Spacing

[ |so, USE #8 Bars @ 24in C.CSpacing |

Image D: Design of Reinforced Masonry Wall for out-of-plane loading
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E. Excel Worksheet for Designing the Reinforced Masonry Wall for In-Plane Loading

“Design of partially grouted reinforced masonry wall in low rise building™

Snaar Wall Design
Wall Propesties:
b= &in (Thickness of CMU wol) = 78250 foctual width of CMU)
o= 2000 pei {meckvim-weght)
= 60 kel (Grode 60 steel)
Sps 0As g (Cakulatod beied an Nceton)
wr 04 paf (wwght of & in thick partal grovded masanry @ £ mehes with mediem wi, from Coku ™ 0,05 [For Panially Grouted Shear Wall|
¥ ot 125 pef (unit weight af mesony)
Dimension snd Losds -
e 120 fr (length of the wal) For wal 1: (No Opening) H H L
Wall 1 Deflection/Flexibility (8] 0.50a 2 =GP +3) Ri=g
First floor: The retative Rigidity (R, ) 184 % 5
Ve 2.9 kipe (Farthguute kxsdj Far Wak2: [Opening of 107 x §1T ot the conter) 3 peng s = (73" 4 307
h= vt (Heght of the wal) Deflection of solid wall (Begee 0008 i : 43,‘ . ,(a,
we 2528 plf (Dwad Load) Dotloction of solid strip (& gy 2.200 s Tl A '
o yan plf (Live (ood} Deflection of pier (Ap) 0.6 B o= ‘%,t s ;(;'.;, s SR WL
W= 2034359 lbs (weight of the waly Defection of plers {8....) 0.229 plerk w2
|Roer: Wall 2 Detlection/Floxibility (8,]  0.632 205 it ennt A s meipt A piens
V= 19,0 kipe (Tovthguoke Kod) The relative Rigidity (i) 150 Raw "
h= up (Height of the waky . ‘(“ ) v
o 1904 plf {Dend Loow) Force nWall 1;@2a0 29.0 kips $ R
wa 243 pif (Live Lood) Force b Wall 2: @24t 283 kips Fi= :-:-;f’-;):v,,,_,
W, 254405.0 (be {mwight of the was)
Force in Wall 1: @121t 24.5 kips
Earthey Design ¥ Force i Wall 2: @12ft 24.0 Mips
Soismic Design Catergoey= o
|Base Shear bn Wall £ 54.6 Mips Vreral = Frozere * Flpizse
p= 1
Sea* 0.405 g Tobt A Aonen of Gonage of B B 0. )—41S. vy G
m‘: L
Caloulation of Deflection due to shear: S EREDES } | * i L
. . » on as (A (844 -
3 1200000 psi Egy = 90015 : :u :w | e | 3] 2| W0
u (2] 2 i AL J "\ - w
zsgzm ”’ B' 04&'. 2 :; :- e "w il | llll o 41 | M
3680 = s ' i |am | s | | an awml | W™
Ev a 10 k,! A LL . i AL J e " - Tim “m "o e
= 7 = CHERLIE IR N BT A PRI R
A= 7&5”‘ s :: l:: ] e | ) e | owm] el ues | ne
" aw | & | s | 528 | 0w | st e s | 2
= NN l-ﬁ " s | o | 1w | we | e | e nm | wm | ww
_VH LR 2H > N
Bparn= 0.00010 ft et aw thT dem[nuln]w LLL‘“—YU‘F. ERE
0.0012 in I s sw| 2] an) 2e| | as| | |
- H 3 H\ V s A | | Al AR A% | S| AR L | AN
A= (=) +3[=]— . | ol oaw| el ae | | oa | te e | e
a ~\L L/tE, ' TR IR un’ 2| mn e |00 | e
= h ot | on |l nee ] o] | o fwee e )
eq‘n omz]ﬁ : 1:: 1200 | 0w | owm | v | e | DM | e | R | 2o
0.0013 in P oot e |l e | o o fom (e (s
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Strength Design Solution:
Load Combination for Factored Loads

12042084, 13f .5
(1.2+0.2505)0+pQE+0.51+0.25
0,5041.06+1,64

(0.9-0.25 5, JO+ ) Q ¢ +1.6H

{18¢ £q. 16-5)

(Using ASCE 7-16 Section 12.4.2 for €}

(18C &g, 16-7)

(Using ASCE 7-16 Section 12.4.2 for £}

[Combination 1}

[Combination 2]
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First Floo

Loads at the base of the walls:

Po=

P, =

P.,=
Qe=Ve=

r Design

kips
kips
kips

5:kips

Using the load combinations and Loads:

M=

kip-ft
Kips
kips

kips

lb-ft
Combination: Pu =D+ 0.75L + 0.5250Q;
[Combination 1]

[Combination 2]

Preliminary Amount of Reinforcement (For Strength design, Distributed Reinforcement case)
Select Initial reinforcement of #8 bars @48inches

#8

Sa, Number of Bars (n)

Area of #8 Bars

@

Total Area of steel (A;)

=
d=

v

Em
Ey

0.00207

48 in
29.8
31.0 bars

0.76 in’

23.56 in”

in
in

in

{Assume the centroid of tension steel)

{The depth of equivalent rectangular stress block)
{Total Length)

{For chMU)

{For Grade 60 steel)
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Minimum Reinfarcement Calculation far Shear Wall

C= alin (Assume the centroid of tension steel)
d= 1296\in (The depth of equivalent rectangular stress block, for distributed reinforcement)
dy= L4401in Approximate d = 0.9d, Ei
Comt ™ 709.0lin Chal = P
a= 5163l i - ’u# - A~ dy/2) + M)
c= 64.53in < Cou 709.0 in ¢(08/ats)
(So Tension Controlled)
= = 7 e 08/ntipa = Ru/¢
3, required™ 12.26|In Ajpeqa = .(.)_‘_'SL'J'_ A,.r«q“ = 7
A‘x,v.qw.o= 0.16 ’Ilt/ll 68 dl' Y
Choose 44 #6 bars A= 19,36 in*
Spacing () 32.5in -lth 0.16in ’/ft) (Use at least 32in spacing for # 6 Bars)
Choose 32 #7 bars A= 19.2 in?
Spacing (s) 44.8 In -wm 0.16in* /ft) (Use at least 40 in spacing for # 7 Bars)
Choose 96 #4 bars A= 19.2 in?
Spacing (s) 14.9 in -wth 0.16in° /ft) (Use at least 8 In spacing for #4 Bars)
Choose 62 #5 bars A= 19.22 in’
spacing (s) 23.1in -lth 0.16In° /ft) (Use at least 16 In spacing for #5 Bars)
Choose 25 #8 bars A= 19.75 in?
Spacing (s) 57.3 in -vlth 0.16in "/ft) (Use at least 56 In spacing for #88ars)
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Design Strength Determination

C-T=P, {From Free Body Diagram)
= Ibs {From Combination 2)
P,=P,/0= Ibs O.8f,, ta ’;;'
a= in e £y
c= in
C= Ibs
T= Ibs
M, = Ib-in
Ib-ft
Design Strength @Mn= _kips-ﬂ > Mu 1011 Okay
P,= Ibs (From Combination 1)
P.,=P /0= Ibs
a= in
c= in
C= fbs
T= Ibs
M, = Ib-in
Ib-ft

Design Strength @Mn= kips-ﬂ > Mu 1011 Okay

Mominal Axial Strength Calculation [TMS 402 Section 9.3.4.1.1]

M=

r= m (Partially grouted wall @ 32 in, From Table 3a )
H/fr= infin < —® (Use TMS Equation 9-15 for P,}

Mominal Axial Capacity: g2
P= Ibs P, =0.8[0.8f,,(4, - 4,) + A, {1— (—] l

Design axial strength= 140r
WP,= kips
Maximum P, value from above= 1402 < 11488| (Design axial Okay

kips kips
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MNominal Shear Strength:

(]

MV, d,=

Maminal Mason
Mumbers of bar

Met Area [A,,) =
Vo=

A,
Vo=
V=
oy =

Maximum Nominal Shear Limit:

A 64 nw '.'Ilﬁ_] =

=025 S0, o= 15
ry shear strength:
in® [Met area except hollow space of bond beam)
p— Aw
. . - My =7 . - al’d
.irrgs lr||l|| = ’4 - 175 {E)Iﬁn-‘-\'_‘fm +0.2 ':.IHI H’.S nﬁ{ 5 }.IF}":E‘;'
in” fft
kips
.............................................. — r
Kips V) = Vo= (Vom + Vas )Yy
kips = 546 kips Okay
W< [:Eu! T )vg  For My
1"'r-|= mn = ney dm a I’Ldl' -
kips = 868.1 kips Okay

Maximum 5pacing requirement:

Maximum Spacing (...

. * minimum{ one-third length, one-third height, 48 in.
48 inches - - -

Shear Strength Design:

‘With Mo Reinforcement Just CMU units (Wall):

vV
Area of Bar
A=

=

M V.d,=
Numbers of bar

Met Area (4, =
Masonry Shear:
1"'r'|'n=

1"'r'|'..'-:\:|4 red—

Except I, need nol be
greater than 2.55,. (doubles

shedr

109.1 kips ¥, = 2.5, or gV, = $2.5¥, = 2.0,
0.0 in*
0 in®
0.8
=035 S0, n= 15
in® {Net area except hollow space of bond beam)
Kips K = |.| -1.75 {ﬁ”"nuf,f_.:. + 0,258,
e Vi = (Vam + Vas)yy
Kips A, 0.54,,d
(7] 2 ( - JII -r_\. v . lrrnh read

{50, No need Reinforcement)
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Vertical Reinforcement : #6 bars @ in Spacing

— 0.00180 > Okay
Horizontal rEinD;EEH:I.;i:I.{; ........................... Use Minimum ::I?.I::ﬂf..:;::wdmm
0.00070
1.5372|in?
select, #5 bars
Layers Required 5 Layers
spacing Requirel 57.6 inches
USE 48 inches spacing
=0, Use #5 bars @ 48 in

Total reinforcement check:
0.00250 > Okay

Image E: Design of Reinforced Masonry Wall for in-plane loading
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F. Excel Worksheet for Final Reinforcement for Partially Grouted Reinforced Masonry

Wall

Vertical Reinforcement : |#9 bars @

Horizontal Reinforcement]|#5 bars @

Horizontal Reinforcement around the Opening:

Development length Past Opening

32 in Spacing
Starts from 4 in from the end of the wall
48 in Spacing
#5 bars
28 in Dev. Length

Base Concrete in Foundation

Earthquake Band at lintel Level, Roof level , Plinth level

Image F': Final Reinforcement for Partially grouted Reinforced Masonry Wall
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G. Excel Worksheet for Cost Analysis

Cost Caleulation of Reinforced Concrete Wall

Concrete Cost: $113 and $126 per cubic yard (27 cubic feet)

Cost of Wall

Extra Beams Cost:

Total Area of Wall (A) 10110 ft°
S 29955
Extra Column Cost S 253
4 9778
Total Cost: 5 40586

Cost Calculation of Partially Grouted Reinforced Masonry Wall

Take Average: 5 2 per block (In Home Depo)
Number of Blocks 11529
Cost of Blocks S 23058
Cost of Grout g 7751
Total Cost: S 30809
Saving S 9777 | (exact figure)
$ 10000|{round Figure)

Image G: Cost Analysis between construction with Reinforced Concrete and Reinforced Masonry
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