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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.  
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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.  
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Figure 1: Top View of the Building 

 
Figure 2: Isometric View of the Building 

 

 
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). 



 

4 

 

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 
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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 

(γm) 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: 
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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: 
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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 

(psf) 

Dead Load From 1st Floor 

(psf) 

Live Load From Roof 

(psf) 

Live Load From 1st Floor 

(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 
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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 

end of the wall) 

17 

     

       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 
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2.1.2 Seismic Load 

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

II 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. 

 

                                                      Where, SDS = Numeric seismic design value at 0.2s period  

                                                                   IE = Seismic Importance Factor = 1 

                                                                   Wp =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 

Level 
Floor 

Height 
hx Wx Wx.hx

k Cvx Fx Vx / Story OTM 

  (ft) (ft) (kips) (kips-ft)   (kips) (kips) 
(kips-

ft) 

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 

      Σ 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. 

 

 

 

 

𝐹𝑝 = 0.4𝑆𝐷𝑆𝐼𝐸𝑊𝑝 
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The figure below shows the action of the forces in the reinforced masonry wall. 

 
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 

Types 

 psf plf Direction 

 

 

 

Axial 

Dead Load 

 (Roof + First Floor) 

365.5 4432 Along the 

Length 

Live Load 

(Roof + First floor) 

80 971 Along the 

Length 

Weight of Wall 48 576 Along the 

Length 

 

Lateral 

Pressure 

Wind Load 26 3120 Along the 

Height 

Seismic Load 38.9 4668 Along the 

Height 
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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.  

M𝑢 =  
w𝑢h2

8
+ 

𝑃𝑓𝑒

2
+ 𝑃𝑢𝛿                                                                                                                  2.2.1   

𝛿𝑢 =  
(

𝑤𝑢𝐻2

8
+

𝑃𝑢𝑓𝑒

2
)−𝑀𝑐𝑟(1−

𝐼𝑐𝑟
𝐼𝑔

)

48𝐸𝑚𝐼𝑐𝑟
5ℎ2 −(𝑃𝑢𝑤+𝑃𝑢𝑓)

                                                                                     2.2.2       

 

                                           Where:      Mu = Maximum out of the plane moment 

                                                              𝛿𝑢 = Maximum wall deflection 

                                                              h = Height on the wall 

                                                              Puf = Loading from floor   

                                                              Puw = Loading from wall 

       Mcr = Cracking moment                                                                                                

                                                              Icr = Cracked moment of inertia 
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                                                              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. 

i.e. ∅M𝑛 ≥ M𝑢 

2. The horizontal deflection at the mid-height under service loads must be less than 0.007H. 

i.e. 𝛿𝑚𝑖𝑑 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 
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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 

 

     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.  
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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: 

 

Figure 9: Reinforcement Detailing for Partially Grouted Reinforced Masonry Wall (Front view) 



 

17 

 

 

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. 
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APPENDIX 

A. Excel Worksheet for Material Selection 

 

 
 

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

 

 
 

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

 

 
 

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