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1.​ INTRODUCTION 
The objective of this project is to design the lateral force-resisting system, the special reinforced 
concrete core wall system that resists earthquake loading in both the North-South (N-S) and 
East-West (E-W) directions for the 8-story building being designed for SLOTH Architects. 
 

1.1 ​ Description, Materials and Preliminary Dimensions 
The building has one podium level (Story 1), and seven typical levels (a total of 8 stories). The 
North-South (N-S) and East-West (E-W) lateral force- resisting system for the building consists 
of four core walls. The specified centerline length of the walls is 30’-i” in the E-W direction and 
30’-j” in the N-S direction. i and j were the third and second to last digits of our student PID 
number respectively. The compression resistance of concrete was found using the same method, 
but instead used the last digit of our student PID number. After calculating the compression 
resistance, it was then used in order to calculate the Young’s Modulus. 
 

Table 1 Material Properties and Preliminary Dimensions 

Description Variable Value 
Reinforced Concrete and Steel 
Compression Resistance of Concrete  𝑓

𝑐
9 [ksi] 

Young’s Modulus  𝐸
𝑐

5407.5 [ksi] 
Weight per unit volume  γ

𝑐
0.150 [kip/ft3] 

Reinforcement Steel 
Yield Resistance of Steel bars  𝑓

𝑦
60 [ksi] 

EW and NS Core Walls 
Wall’s length (EW direction)  𝑙

𝑤
30.5 [ft] 

Wall’s length (NS direction)  𝑙
𝑤

30.167 [ft] 

 
Table 2 Dimensions of core walls 

Level 
Core Walls (EW and NS directions) 
Floor height Thickness  (in) 𝑡

𝑤
Podium (Story 1) 18’- 0” 30 [in] 

Story 2 to Story 12 12’- 6” 30 [in] 
 

Table 3 Dimensions of slabs and columns 

Level Column Dimension Slabs 
Square shape (in2) Thickness (in) 

Podium (Story 1) 30” x 30” 8” 
Story 2 to Story 12 30” x 30” 8” 

 



 

2.​ STRUCTURAL MODEL 
The structural model for the project encompasses a comprehensive analysis of the building's 
lateral force-resisting system, primarily consisting of a core wall running along the North-South 
(N-S) and East-West (E-W) directions. This core wall, with specified centerline dimensions and 
wall thickness, serves the primary element to resist earthquake loads. 
 

2.1 ​ Site Seismicity and Design coefficients 
An assumption is made that only walls resist lateral loading, columns and beams are designed for 
gravity loads only. From ASCE 7-22, section 12.2-1, the design coefficients and factors can be 
determined. The same coefficients are used for the EW and NS lateral force resisting systems. 
Site information is input into the ATC Hazards by location website to obtain the mapped 
acceleration parameters per ASCE 7-22 (11.4.1). 
 

Table 4 Parameters of site location 

Description Detailed information 
Hazard Type Seismic 

Reference document ASCE 7-22 
Risk category II 

Site Class D 
 
To elaborate the acceleration response spectrum, parameters described in table 4 are used. Using 
this information, the design response spectrum is obtained based on terms given by ASCE 7-22 
(11.4). 
 

Table 5 Acceleration parameters 

Notation Description Value (g) 
 𝑆

𝑠
5% damped, spectral response acceleration parameter at short period 1.9 

 𝑆
1

5% damped, spectral response acceleration parameter at 1s period 0.57 

 𝑆
𝐷𝑆

Design spectral response acceleration parameter at short periods 1.39 

 𝑆
𝐷1

Design spectral response acceleration parameter at 1s periods 0.95 

 
Table 6 Importance factor and Seismic Risk Category 

Description Detailed information 
Risk category II 
Importance factor 1.0 
Seismic design category based on short periods D 
Seismic design category based on 1s period D 

 
 
 



 

After obtaining these values, they are used in order to plot the design response spectrum. The 
spectral response acceleration is defined as a piecewise function of the structural period. For 
periods less than the lower transition period (TO), the spectral acceleration is given by the 
equation . For periods between the lower transition period (TO) and the 𝑆

𝑎
= 𝑆

𝐷𝑆
(0. 4 + 0. 6 𝑇

𝑇
𝑆

)

short-period transition period (TS), spectral acceleration is constant at the design spectral 
response acceleration parameter at short periods. Finally, periods greater than TS, the acceleration 

decays proportionally to . 
𝑆

𝐷1

𝑇
 

 
Figure 2.1: Design Response Spectrum 

 
2.2​ Effective Seismic Weight 

The core walls will be subjected to gravity loading due to various factors. These include external 
dead loads, self-weight, and a superimposed dead load and live load acting on the floors. In total, 
the seismic weight was composed of the weight of the concrete walls, slabs, columns, and beams 
and the superimposed dead and live load. It's important to note that different dead loads 
(self-weight) are assigned to the first story compared to the roof and typical stories. The seismic 
weight does not take into account the normal live load, but instead a seismic live load which is 
25% of the gravity live load. This comes out to 12.5 psf for the typical floor and 5 psf for the 
roof. To convert the area loads into a point load, the area of the building was found and 
multiplied by the area loads of the self-weights of the components and imposed loads. To find 
the load of the wall, the area load was multiplied by the total length of the walls and the tributary 
height of the wall, which was half the story height of the story below and above the specified 
floor. The total weights of all the components are tabulated in Table 7. Table 8 shows the 
effective seismic weight of each floor, including the cumulative height of the floor from the base 
of the building.  
 

Table 7 Seismic Weight calculation (kip) 



 

Level Slab Walls 
Beams Columns Dead Load Live Load 

 0. 25𝐿
𝑜

Total 

Roof 3103 
[kip] 

1137.5 
[kip] 

2213 
[kip] 

187.5 
[kip] 

931 [kip] 155 [kip] 7727 
[kip] 

Typical 
Floor 

3103 
[kip] 

2275 
[kip] 

2213 
[kip] 

375 [kip] 931 [kip] 388 [kip] 9284 
[kip] 

Story 1 3103 
[kip] 

2775.5 
[kip] 

2213 
[kip] 

457.5 
[kip] 

931 [kip] 388 [kip] 9867 
[kip] 

 
Table 8 Effective Seismic Weight 

Level 
Cumulative Height 
from Base,  [ft] ℎ

𝑥

Effective Seismic 
Weight,  [kip] 𝑤

𝑥
8 105.5 7727 
7 93 9284 
6 80.5 9284 
5 68 9284 
4 55.5 9284 
3 43 9284 
2 30.5 9284 
1 18 9867 

Total --- 73300 
 

2.3 ​ Seismic Response Coefficient 
From ASCE 7-22, Table 12.2-1, an appropriate response modification factor  and deflection 𝑅
amplification factor Cd shall be used in determining the base shear, element design forces and 
design story drift. The type of wall used in this building is a special reinforced concrete shear 
wall, giving a response modification factor R and deflection amplification factor Cd  value of 5 
for both, as shown in Table 9. These values will eventually be used to calculate the seismic base 
shear. 
 

Table 9 Seismic force resisting parameters 

Seismic Force Response Modification 
Factor,   𝑅

Deflection 
Amplification Factor,  𝐶

𝑑
Special reinforced 

concrete shear walls 5 5 

 
Determination of seismic forces at the base : 
The seismic base shear was assumed to be the same in the x- and y-directions. These are 
calculated using the equivalent lateral force procedure outlined in ASCE 7-22 Section 12.8, 
considering a redundancy factor, , of 1.0. The fundamental period of the building was ρ
calculated per ASCE Section 12.8.2.1, using the variables defined in Table 1, given a Ct and x 
value of 0.02 and 0.75 respectively. This is due to the fact that the shear wall is classified as “all 



 

other structural systems.” Using the building height of 105.5 ft, the fundamental period came out 
to be 0.658 seconds in both directions, as shown in Table 10. Using the fundamental period, the 
maximum allowable seismic response coefficient was calculated. The seismic response 
coefficient of the building was also calculated and checked against the maximum value. Since it 
was less than the max, that value was used. To calculate the seismic base shear, the total seismic 
weight of the building was multiplied by the seismic response coefficient, shown in Table 11.  
 

Table 10 Fundamental period of the building,  𝑇

Description Variable Value 
EW Direction 
Hand Calculation (Eq.12.8-7, ASCE 7-22)  𝑇

𝑥
0.658 [s] 

NS Direction 
Hand Calculation (Eq.12.8-7, ASCE 7-22)  𝑇

𝑦
0.658 [s] 

 
Table 11 Lateral force at the base (Seismic Base Shear),  𝑉

Parameter Variable Value 
Total seismic weight  𝑊 73300 [kip] 

Seismic response coefficient  𝐶
𝑠𝑥 0.278 [g] 

Seismic base shear (EW)  𝑉
𝑥

= ρ𝐶
𝑠𝑥

𝑊 20377 [kip] 
Seismic response coefficient  𝐶

𝑠𝑦 0.278 [g] 
Seismic base shear (NS)  𝑉

𝑦
= ρ𝐶

𝑠𝑦
𝑊

𝑡𝑜𝑡 20377 [kip] 
 
Distribution of lateral seismic forces : 
The lateral forces for building analysis are determined following section 12.8.3 of ASCE 7-22. 
Base shears  and  obtained from equivalent lateral force procedure have already been 𝑉

𝑥
𝑉

𝑦
reduced by a factor  (response modification factor, see Table 9). The lateral seismic forces 𝑅
induced at any level were determined using ASCE Eq. 12.8-11. To find the distribution exponent 
k, the fundamental period lies between 0.5 and 2.5 seconds, therefore linear interpolation was 

used. Using the equation , the k value was determined to be 1.079. After calculating the 
1.5+𝑇

𝑎

2
lateral seismic forces on each floor, the story shear and overturning moments could be 
calculated. The story shear is the sum of the all lateral forces above the given level, and the 
overturning moment is the sum of the moments caused by the forces about that level. These 
values are tabulated in Table 12. Because there are no lateral forces applied above the roof, the 
story shear of the roof is equal to the lateral seismic force and no moments are generated at the 
roof. The distribution of the lateral force, story shears, and overturning moments can be seen in 
Figure 1. 
 

Table 12 Distribution of Lateral Seismic Forces obtained from the Equivalent Analysis 



 

Level 
 ℎ

𝑥
(ft) 

 𝑤
𝑥

(kip) 
 ℎ

𝑥
𝑤

𝑥
𝑘

(kip.ft) 

 𝐹
𝑥

(kip) 
Story Shear 

(kip) 
Story Overturning 
Moment (kip.ft) 

8 105.5 7727 815164 3877 3877 0 
7 93 9284 863445 4066 7944 48468 
6 80.5 9284 747391 3480 11423 147765 
5 68 9284 631336 2900 14324 290559 
4 55.5 9284 515282 2328 16653 469608 
3 43 9284 399227 1769 18422 677775 
2 30.5 9284 283173 1221 19643 908052 
1 18 9867 177612 734 20377 1153590 

 

 
Figure 2.3: (a) Lateral force, (b) Story shear, and (c) Overturning Moment Distribution 

 

2.4​ Analysis results 
The analysis is carried out with stiffness modifiers equal to , in both directions of core 0. 5𝐸

𝑐
𝐼

𝑔
walls, according with the suggestions for ACI 318-19, section 6.6.3.1.2. This is to account for the 
moment of inertia of a wall when it is cracked, resulting in a reduced stiffness. The analysis is 
carried out of the following two load combinations: 
 

 - (lateral seismic load + downward vertical acceleration) 0. 9 − 0. 2𝑆
𝐷𝑆( )𝐷 + ρ𝑄

𝐸
 – (lateral seismic load + upward vertical acceleration) 1. 2 + 0. 2𝑆

𝐷𝑆( )𝐷 + 0. 5𝐿 + ρ𝑄
𝐸

 
Story Drift Check : 
Story drift at each floor level is calculated based on the most conservative case among the load 
combinations for both the EW and NS direction and checked against the limit from ASCE 7-22 



 

Table 12.12-1. Deflection at a given floor is a combination of flexure and shear. The flexural 
deformation occurs below or at the load, bending like a cantilever column that is subjected to a 
given load. However, the shear deformation occurs above the load, where the wall above the load 
remains straight but rotates according to the slope at that height. Since there is a deflection 
contribution from each floor at every given floor, a matrix was set up, then summed to determine 
the total elastic deflection at each floor. These were then multiplied by the Cd factor and divided 
by the importance factor to calculate the inelastic deflection, resulting in a maximum deflection 
of 16.114 inches. The inter-story drift was calculated by taking a given floor’s inelastic 
deflection and subtracting it by the inelastic deflection of the floor below. The maximum drift 
was 2.58 inches, well within the 3-inch requirement for a 12.5 ft-tall story, mandated by the 2% 
drift limit for buildings of this height. The drift requirements were met for both the East-West 
and North-South directions. 
 
 

Table 13 Lateral Deflections and Inter-Storey Drift check along EW direction 

Level 
 ℎ

𝑠𝑥
(in) 

 δ
𝑥𝑒

(in) 
 δ

𝑥
(in) 

 ∆
𝑥

(in) 
 ∆

𝑎
(in) 

Story Drift 
Ratio 
(%) 

Status 

8 1266 [in] 3.223 [in] 16.114 
[in] 

2.58 [in] 3 [in] 1.72 [%] Pass 

7 1116 [in] 2.707 [in] 13.535 
[in] 

2.567 [in] 3 [in] 1.71 [%] Pass 

6 966 [in] 2.194 [in] 10.968 
[in] 

2.502 [in] 3 [in] 1.67 [%] Pass 

5 816 [in] 1.693 [in] 8.466 
[in] 

2.362 [in] 3 [in] 1.57 [%] Pass 

4 666 [in] 1.221 [in] 6.104 
[in] 

2.130 [in] 3 [in] 1.42 [%] Pass 

3 516 [in] 0.795 [in] 3.974 
[in] 

1.79 [in] 3 [in] 1.19 [%] Pass 

2 366 [in] 0.437 [in] 2.185 
[in] 

1.331 [in] 3 [in] 0.89 [%] Pass 

1 216 [in] 0.171 [in] 0.854 
[in] 

0.854 [in] 4.32 [in] 0.40 [%] Pass 

 

Table 14 Lateral Deflections and Inter-Storey Drift check along NS direction 

Level 
 ℎ

𝑠𝑥
(in) 

 δ
𝑥𝑒

(in) 
 δ

𝑥
(in) 

 ∆
𝑥

(in) 
 ∆

𝑎
(in) 

Story Drift 
Ratio 
(%) 

Status 

8 1266 [in] 3.223 [in] 16.114 
[in] 

2.443 [in] 3 [in] 1.63 [%] Pass 

7 1116 [in] 2.734 [in] 13.671 
[in] 

2.500 [in] 3 [in] 1.67 [%] Pass 



 

Level 
 ℎ

𝑠𝑥
(in) 

 δ
𝑥𝑒

(in) 
 δ

𝑥
(in) 

 ∆
𝑥

(in) 
 ∆

𝑎
(in) 

Story Drift 
Ratio 
(%) 

Status 

6 966 [in] 2.234 [in] 11.171 
[in] 

2.501 [in] 3 [in] 1.67 [%] Pass 

5 816 [in] 1.734 [in] 8.670 
[in] 

2.398 [in] 3 [in] 1.60 [%] Pass 

4 666 [in] 1.254 [in] 6.272 
[in] 

2.181 [in] 3 [in] 1.45 [%] Pass 

3 516 [in] 0.818 [in] 4.091 
[in] 

1.841 [in] 3 [in] 1.23 [%] Pass 

2 366 [in] 0.450 [in] 2.250  
[in] 

1.371 [in] 3 [in] 0.91 [%] Pass 

1 216 [in] 0.176 [in] 0.879 
[in] 

0.879 [in] 4.32 [in] 0.41 [%] Pass 

 
Seismic Demands : 
The following results will be presented in kip and kip.ft for shear and bending moment 
respectively. A positive axial load represents tension, and a negative axial load is compression. 
Forces and lateral displacements are tabulated in Table 15 and 16 to design both shear wall 
directions. The displayed forces are indicated at the base of Story 1, directly above the basement 
level. The first combination was used to determine the minimum force demands, while the latter 
combination was used to determine the maximum force demands. 
 
Note that when calculating the total drift of the structure, the deflection at the top floor (16.114 
inches) was taken and divided by the structural height (105.5 ft), with unit conversions applied, 
resulting in a total building drift of 1.27%. 
 

Table 15 Core wall forces (EQ in the EW direction) 

Load Combination 
 𝑃

𝑢
(kip) 

 EW 𝑀
𝑢

(kip.ft) 
 𝑉

𝑢
(kip) 

 δ
𝑡𝑜𝑡𝑎𝑙
(in) 

 
δ

𝑡𝑜𝑡𝑎𝑙

ℎ
𝑛

(in/in) 

 0. 9 − 0. 2𝑆
𝐷𝑆( )𝐷 + ρ𝑄

𝐸

1617.
42 

[kip] 

144,198 
[kip.ft] 

2547.18 
[kip] 

16.114 
[in] 

0.0127 [ ] 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + ρ𝑄

𝐸

4013.
54 

[kip] 

144, 198 
[kip.ft] 

2547.18 
[kip] 

16.114 
[in] 

0.0127 [ ] 

 

Table 16 Core wall forces (EQ in the NS direction) 



 

Load Combination 
 𝑃

𝑢
(kip) 

 NS 𝑀
𝑢

(kip.ft) 
 𝑉

𝑢
(kip) 

 δ
𝑡𝑜𝑡𝑎𝑙
(in) 

 
δ

𝑡𝑜𝑡𝑎𝑙

ℎ
𝑛

(in/in) 
 0. 9 − 0. 2𝑆

𝐷𝑆( )𝐷 + ρ𝑄
𝐸

1511.22 
[kip] 

144,198 
[kip.ft] 

2547.18 
[kip] 

[in] 0.0127 [ ] 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + ρ𝑄

𝐸
3761.19 

[kip] 
144,198 
[kip.ft] 

2547.18 
[kip] 

16.114 
[in] 

0.0127 [ ] 

 
 

3.​ CORE WALL DESIGN 
3.1 ​ P-M interaction diagram 

Axial force (P) and bending moment (M) interaction diagrams were used to determine whether 
the reinforcements are adequate for the wall. The P-M diagram was used to finalize the required 
steel reinforcement and find the neutral axis depth, c. The diagram was made with the following 
assumptions: 

●​ Unconfined concrete crushes at  = -0.003. ε
𝑐

●​ The stress-strain relationship for steel reinforcement is assumed to be elastoplastic. 
●​ Perfect bond is assumed between concrete and steel reinforcement. 
●​ The validity of Bernoulli's assumption of plane section is maintained. 
●​ The cross-section is assumed to remain plane throughout the analysis. 
●​ Reinforcing steel is discretized into three areas based on their tributary area. 

The capacity reduction factor  is determined based on the calculated strain in the extreme ϕ
compression fiber, facilitating the computation of capacity parameters for axial force and 
bending moment, denoted as  and  respectively. The P-M diagrams are shown in Figure ϕ𝑃

𝑛
ϕ𝑀

𝑛
3.1. 
 

  

Figure 3.1: (a) P-M diagram for EW direction. (b) P-M diagram for NS direction 
 



 

3.2​ Flexure design and detailing of the critical section 
3.2.1.​Required longitudinal reinforcement 

An initial trial reinforcement was designed for the Special Boundary Elements (SBE) and the 
web. The reinforcement ratio values were then computed and used to plot P-M diagrams for the 
walls orthogonal to both the North-South and East-West wall. 36 #9 bars were initially placed in 
both the SBE areas and two curtains of #6 bars at 12” c.c. were placed in the web for both the NS 
and EW walls. The P-M diagram excel sheet provided was used to plot the design. The resulting 
reinforcement ratio was inadequate for the capacity to be greater than the demand on the walls so 
the reinforcements were redesigned for the demands to fall within the P-M curve’s envelope. 
 
The reinforcements were increased to 40#9 bars in each SBE and 2 curtains of #11 bars at 6” c.c 
in the web for both the NS and ES walls. This creates a much higher overall reinforcement ratio 
that allowed for the demands to fit in the P-M diagram’s curve. The reinforcements in the SBE 
were added while remaining under the 2.5% constructability limit. Though the ratio is larger than 
the ideal ratio of less than 1.8%, it was still under the required criteria of 2.5%. The P-M 
diagrams used for the East-West and North-South directions are displayed below in Figure 3.1.a. 
and Figure 3.1.b. 
 
The initial step looks for assessing the aspect ratio of the wall by referencing table R18.10.1 in 

the ACI 318R-19 standard. When the ratio  falls below 2, shear forces predominantly govern 
ℎ

𝑤

𝑙
𝑤

the design. Conversely, when the ratio  equals or exceeds 2, flexural forces govern, and we 
ℎ

𝑤

𝑙
𝑤

design the wall pier with specified column design requirements. In our design, the confinement 
column thickness matches the wall thickness (  = ; see figure 2). 𝑏 𝑎
 

  

Figure 3.2 : (a) Slenderness of the wall. (b) Compression zone in boundary elements 
 
The distributed web reinforcement ratios,  and , for structural walls must be at least 0.0025 ρ

𝑙
ρ

𝑡
for both, longitudinal and transversal reinforcement steel. It is clear that if the shear force  𝑉

𝑢
exceed the value of : 
 

   or    𝑉
𝑛

= 2λ 𝑓
𝑐
𝐴

𝑐𝑣

ℎ
𝑤

𝑙
𝑤

≥2 (1) 



 

 
the wall will need at least 2 curtains of reinforcement. In equation (1),  takes values of 0.75 and λ
1.00 for lightweight concrete and normal weight concrete respectively. Thus, two curtains of 
reinforcement are placed in both the NS and EW walls. 
 

3.2.2.​Boundary elements 
Special boundary elements are required to reinforce compression zones of structural walls when 
the flexural and axial capacity is not enough. This ensures that the walls have adequate 
reinforcement to resist the force and deformation demands. For our design, they were placed at 
the ends of the walls and span 60” at either end of the wall. Special boundary elements 
reinforcing the compression zones are required for most critical case given by equations 2 and 3 : 
 

  
1.5δ

𝑢

ℎ
𝑤

≥
𝑙

𝑤

600𝑐 (2) 

 
where, 
 

  
δ

𝑢

ℎ
𝑤

≤0. 005 (3) 

 
In equation 2,  represents the neutral axis depth calculated for the factored axial load and 𝑐
nominal moment strength,  denotes the height of the entire wall from base to top. Data from ℎ

𝑤
the P-M curve was used to find c for both the NS and EW walls. The value of c was found on.y 
for the load combination that produced the greatest demand: 

. The load combination  was 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸

𝑥
0. 9 − 0. 2𝑆

𝐷𝑆( )𝐷 + 1. 0𝐸
𝑥

not considered. Both the NS and EW wall require SBE as they do not pass the check. This is 
seen in Table 17 and Table 18. 
 
 

Table 17 Estimation of neutral axis depth (EQ in the EW direction) 

Load Combination  
δ

𝑢

ℎ
𝑤

(eq. 3) 

 (in) 𝑐
[P-M curve] 

 (in) 𝑐
[eq. 2] 

Special 
boundary 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸

𝑥
0.0127 59.762 31.6 YES 

 
Table 18 Estimation of neutral axis depth (EQ in the NS direction) 

Load Combination  
δ

𝑢

ℎ
𝑤

(eq. 3) 

 (in) 𝑐
[P-M curve] 

 (in) 𝑐
[eq. 2] 

Special 
boundary 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸

𝑦
0.0127 58.745 31.9 YES 

 



 

The length of the SBE was designed to be 60 in. The required minimum length was calculated to 
be 29.37 in. for the NS direction and 29.86 in. for hte EW direction so the initial design is 
adequate. 
Transverse reinforcement in the boundary elements is supplied through hoops and crossties. The 
vertical spacing between each reinforcement is set as  and is the minimum of 6”, a third of 𝑆

𝑚𝑎𝑥
the boundary element thickness, or six times the diameter of the smallest longitudinal bars. 
Both the NS and EW direction result in a spacing of 4.5 in. 
 
The area of transversal reinforcement, , is found to determine how many transverse bars are 𝐴

𝑠ℎ
needed in the boundary element area. The area is divided by the area of a single bar to find the 
required amount of reinforcements needed to span the SBE area. Both NS and EW directions 
requried 4 legs of #6 bars. The resulting area of reinforcement steel is 1.76 in^2. 
 

3.3 ​ Shear design 
To define the shear force, we use the proposed formulation by ACI318-19 at section 18.10.3.1: 
 

  𝑉
𝑒

= Ω
𝑣
ω

𝑣
𝑉

𝑢
≤3𝑉

𝑢 (4) 
 
Where,  is overstrength factor,  is the dynamic amplification factor, and  is the shear Ω

𝑣
ω

𝑣
𝑉

𝑢
force obtained from code lateral load analysis. The Overstrength factor , is calculated as Ω

𝑣
follows : 
 

Table 19 Overstrength factor ( ) at critical section Ω
𝑣

Slenderness Value Factor  Ω
𝑣

 (Flexure) 
ℎ

𝑤

𝑙
𝑤

more than 1.5 Greater of  
𝑀

𝑝𝑟

𝑀
𝑢

1.50 

 (Shear) 
ℎ

𝑤

𝑙
𝑤

less than 1.5 1 

 
The slenderness is much greater than 1.5 for both NS and EW so , the probable moment 𝑀

𝑝𝑟
capacity, must be found to calculate the overstrength factor. Slenderness is computed in 
Table 20. 
 

Table 20 Slenderness factor  for the west core wall 
ℎ

𝑤

𝑙
𝑤

Earthquake  (ft) ℎ
𝑤

 (ft) 𝑙
𝑤

Slenderness 

EW direction 1266 ft 30.5 ft 41.51 
NS direction 1266 ft 30.167 ft 41.97 

 



 

In capacity design, a P-M diagram is calculated using a reduction factor  equal to 1 and an ϕ
expected yield strength  equal to 1.25 . The following figure shows the computation of 𝑓

𝑦𝑒𝑥𝑝
𝑓

𝑦
 for the EW and NS direction according to the two load combinations. For these P-M 𝑀

𝑝𝑟
diagrams,  is based on longitudinal steel ratio of 1.89% for NS and 1.92% for EW related to 𝑀

𝑝𝑟
each axial combination. 
For the given , maximum ultimate shear, the  was found by finding what value leads 𝑃

𝑢𝑚𝑎𝑥
𝑀

𝑝𝑟
to an intersection on the graph. 
 

  

Figure 3 : (a)  for EW direction. (b)  for NS direction. For both cases, the reduction factor 𝑀
𝑝𝑟

𝑀
𝑝𝑟

is considered as  ϕ = 1
 
Furthermore, the overstrength factors are calculated using the relation between , ultimate 𝑀

𝑢
moment, and , probable moment. Table 21 shows the values corresponding to EW direction 𝑀

𝑝𝑟
meanwhile Table 22 displays those values in NS direction. 
 

Table 21 Overstrength factor  of core wall (EQ in the EW direction) Ω
𝑣

Load Combination 
 𝑃

𝑢
(kip) 

 NS dir. 𝑀
𝑢
(kip.ft) 

 NS dir. 𝑀
𝑝𝑟
(kip.ft) 

 Ω
𝑣

=
𝑀

𝑝𝑟

𝑀
𝑢

|||
|||

 0. 9 − 0. 2𝑆
𝐷𝑆( )𝐷 + 1. 0𝐸

𝑥
1617.42 144198.7 200000 1.387 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸

𝑥
4013.54 144198.7 225000 1.497 

 
Table 22 Overstrength factor  of core wall (EQ in the NS direction) Ω

𝑣



 

Load Combination 
 𝑃

𝑢
(kip) 

 EW dir. 𝑀
𝑢
(kip.ft) 

 EW dir. 𝑀
𝑝𝑟
(kip.ft) 

 Ω
𝑣

=
𝑀

𝑝𝑟

𝑀
𝑢

|||
|||

 0. 9 − 0. 2𝑆
𝐷𝑆( )𝐷 + 1. 0𝐸

𝑦
1511.22 144198.7 200000 1.387 

 1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸

𝑦
3761.19 144198.7 215800 1.497 

 

 

Figure 3.3 : Determination of shear demand for walls with   
ℎ

𝑤

𝑙
𝑤

≥2

 
The dynamic amplification factor, , was calculated with equation 7 as the slenderness ratio ω

𝑣

was greater than 2, .  is the number of stories. 
ℎ

𝑤

𝑙
𝑤

< 2 𝑛
𝑠

 

 ,   ω
𝑣

= 0. 9 +
𝑛

𝑠

10 𝑛
𝑠
≤6 (7) 

 
According to equations 7 and 8, Table 23 and 24 displays the values of  for EW and NS ω

𝑣
direction. 
 
 

Table 23 Dynamic amplification factor  of West core wall (EQ in the EW direction) ω
𝑣

Direction  ℎ
𝑤

 𝑙
𝑤  

ℎ
𝑤

𝑙
𝑤

 𝑛
𝑠

 ω
𝑣

EW 105.5 ft 30.5 ft 3.459 8 1.7 
 

Table 24 Dynamic amplification factor  of West core wall (EQ in the NS direction) ω
𝑣

Direction  ℎ
𝑤

 𝑙
𝑤  

ℎ
𝑤

𝑙
𝑤

 𝑛
𝑠

 ω
𝑣

NS 105.5 ft 30.167 ft 3.497 8 1.7 
 



 

In Tables 25 and 26,  is computed considering that  will be no more than 3 in all cases. 𝑉
𝑒

Ω
𝑣
ω

𝑣
From Tables 21, 22, 23 and 24, the product of  and  is more than 3, therefore,  will be 3 Ω

𝑣
ω

𝑣
𝑉

𝑒
times .  was calculated for the load combination that produced the highest demand. 𝑉

𝑢
𝑉

𝑒
 

Table 25 Shear design force of core wall (EQ in the EW direction) on the flange 

Load Combination 
 𝑉

𝑢
[Kip] 

 Ω
𝑣

 ω
𝑣

 Ω
𝑣
ω

𝑣
[max=3] 

 𝑉
𝑒| |

[kip] 
 1. 2 + 0. 2𝑆

𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸
𝑥

2547.18 1.56 1.7 2.652 6756.63 

 
Table 26 Shear design force of core wall (EQ in the NS direction) on the web 

Load Combination 
 𝑉

𝑢
[Kip] 

 Ω
𝑣

 ω
𝑣

 Ω
𝑣
ω

𝑣
[max=3] 

 𝑉
𝑒| |

[kip] 
 1. 2 + 0. 2𝑆

𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸
𝑦

2547.18 1.5 1.7 2.55 6495.32 

 
Finally, we use the equation below to estimate the shear strength according to ACI 318-19. This 
was done only for the load combination that produces the greatest demand. 
 

  𝑉
𝑛

= (α
𝑐
λ 𝑓

𝑐
+ ρ

𝑡
𝑓

𝑦𝑡
)𝐴

𝑐𝑣 (9) 
 

where,  takes the value of 3 and 2 for  and  respectively. It shall be permitted to α
𝑐

ℎ
𝑤

𝑙
𝑤

≤1.5

ℎ
𝑤

𝑙
𝑤

≥2.0

linearly interpolate the value of  between 3 and 2 for α
𝑐

 

  1. 5 <
ℎ

𝑤

𝑙
𝑤

< 2. 0  

 
The transversal reinforcement ratio in equation 9, , must be greater than 0.0025. Finally, the ρ

𝑡
value of  shall not be taken greater than 𝑉

𝑛
 

  𝑉
𝑛

= 8 𝑓
𝑐
𝐴

𝑐𝑣 (10) 
 
for vertical wall segments sharing a common lateral force, and  
 

  𝑉
𝑛

= 10 𝑓
𝑐
𝐴

𝑐𝑣 (11) 
 
for horizontal wall segments (interaction between structural walls and couple beams).  
 

Table 27 Verification of shear capacity of core wall (EQ in the EW direction) 



 

Load Combination 
 𝑉

𝑢
[Kip] 

 (kip) 𝑉
𝑛

[eq. 9] 
 (Kip) 𝑉

𝑛
[eq. 10] 

Min.  𝑉
𝑛

[Kip] 
 

𝑉
𝑢

𝑉
𝑛

|||
|||

1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸 2547.18 14699.33 8333.23 8333.23 0.306 

 
Table 28 Verification of shear capacity of core wall (EQ in the NS direction) 

Load Combination 
 𝑉

𝑢
[Kip] 

 (kip) 𝑉
𝑛

[eq. 9] 
 (Kip) 𝑉

𝑛
[eq. 10] 

Min.  𝑉
𝑛

[Kip] 
 

𝑉
𝑢

𝑉
𝑛

|||
|||

1. 2 + 0. 2𝑆
𝐷𝑆( )𝐷 + 0. 5𝐿 + 1. 0𝐸 2547.18 14349.72 8242.16 8242.16 0.309 

 

3.4​ Longitudinal and transversal steel reinforcement 
The required steel reinforcement spacing for shear in the web was calculated from the the 
required steel capacity and required reinforcement ratios. The initial spacing set for the web was 
6” for both NS and EW. The spacing chosen for our design had to be less than the required 
spacing derived from the required steel ratio and the maximum spacing. The spacing of 6 in c.c. 
in the curtain reinforcement is satisfactory. Table 29 details the reinforcement in the web. 
 
 

Table 29 Longitudinal Reinforcement Steel Bars 

Description Variable Value 
EW Core Wall 
Longitudinal Steel reinforcement (vertical)  𝐿𝑠

𝐸𝑊
[#11 @ 6”] 

Transversal steel reinforcement (horizontal)  𝑇𝑠
𝐸𝑊

[#6 @ 8”] 

EW Core Wall 
Longitudinal Steel reinforcement (vertical)  𝐿𝑠

𝑁𝑆
[#11 @ 6”] 

Transversal steel reinforcement (horizontal)  𝑇𝑠
𝑁𝑆

[#6 @ 8”] 

 
For the reinforcement at the confinement zones, the first step was to find the neutral axis depth, 
c, then perform a deflection and special boundary element check. It was determined that SBE 
was required, so the designed length of 60 in. was checked against the requirements and proved 
to be sufficient. Finally the maximum hoop spacing at the boundary elements and transverse 
reinforcement required were calculated. Table 30 displays the longitudinal reinforcement and 
shear reinforcement in the compression zones (Confinement columns at the corners of the wall). 
 

Table 30 Reinforcement Steel Bars at confinement zones (Columns) 

Description Variable Value 
EW Core Wall 
Axial Steel reinforcement (vertical)  𝐶𝑠

𝐸𝑊
[22 #11] 

Rebar size for stirrups and spacing [Base of the wall]  𝑆𝑠
𝐸𝑊

[#6 @ 4.5”] 

EW Core Wall 



 

Description Variable Value 
Axial Steel reinforcement (vertical)  𝐶𝑠

𝑁𝑆
[22 #11] 

Rebar size for stirrups and spacing [Base of the wall]  𝑆𝑠
𝑁𝑆

[#6 @ 4.5”] 

 
 

 



 

CONCLUSION AND RECOMMENDATIONS 
Shear walls are one of the most important members in a building’s design. Its ability to resist 
lateral forces, both wind and seismic, are paramount to strengthening a building when 
experiencing those loads. Therefore, the shear wall design process must be meticulously 
followed to ensure that the wall provides enough strength and that no consideration is left 
unnoticed.  
 
The lateral force procedure consisted of a process outlined in ASCE 7-22. It is crucial that this 
process is followed correctly, otherwise the walls could be designed with a smaller capacity than 
is necessary. Given all of the weights of the building components, including the beams, columns, 
slabs and walls, it came out to a higher value than expected, at around 73300 kips. Using the site 
seismicity parameters, the effective base shear was calculated to be 20377 kips. At the end of the 
procedure, this gave a surprisingly large moment at the base of the building, well over 1 million 
kip-ft. Nevertheless, the graphs for the lateral force, story shear, and overturning moment 
distributions came out to be what we expected, having the same shapes as the example design. A 
lot of trial and error was used in the beginning of the calculations, due to information being left 
out, so it is imperative that all variables are accounted for. 
 
To determine the interstory drift, the deflection contributions from each level were first added 
together at a given floor. Then the deflection of the story below the floor of consideration would 
be subtracted from the deflection, leaving a relative “drift” value for the floor. The maximum 
drift value was found to be 2.58 inches, which is within the 3-inch maximum limit for a 12.5-foot 
tall story (from the 2% drift limit for buildings of this height and seismic design category). After 
the deflections and drifts were calculated at every floor level for both the East-West and 
North-South directions, the drift requirements were found to have been met. When designing for 
drift, certain considerations were made. The original shear wall layout planned for only four 
shear walls in each direction. However, because the walls kept failing the drift check, additional 
walls of the same size were added. Adding double the walls per direction lowered the interstory 
drift substantially, allowing the design to pass the interstory drift checks with ease.  
 
The special boundary element design provides additional stability to the wall. This also creates 
the need for more calculations to consider how it affects the walls’ shear and flexural stability. 
The SBE was longer than expected at 60 in., but that gave enough space for the required amount 
of additional reinforcements to replace while also keeping the steel reinforcement ratio under the 
maximum amount and over the minimum amount. This initial length of 60 in. was helpful 
despite seeming long. I would set a long length for future projects as well. In the future, I would 
also consider putting in more reinforcement when doing the initial steel reinforcement design as 
it had to be redesigned numerous times due to an inadequate capacity.  Thankfully though, the 
resultant design created for the P-M diagram passed all the spacing checks. 
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APPENDIX A – Technical drawings 
 

A1 - Wall Elevation (NS) 
A2 - Wall Elevation (EW) 
A3 - Wall Cross Section, with confinement zone (NS) 
A4 - Wall Cross Section, with confinement zone (EW) 
A5 - Reinforcing Bar Schedule 

 
 

 







 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B – Step-by-Step calculations 
​



 

(B1) Input, Geometry, and Site Seismicity Calculations 

 

 

 

 

 

 

 

 

 

 



 

(B2) Seismic Weight and Lateral Force Analysis Calculations 

 



 

 

 
 

 

 

 

 

 

 

 



 

(B3) Drift Calculations 

 

 



 

 

 



 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

(B4) P-M Interaction Diagrams 

EW Diagram 



 

 

 

 

 



 

NS Diagram 

 

 



 



 

 

 

 



 

EW Mpr Diagram 

 

 

 

 



 

NS Mpr Diagram 

 

 

 

 

 



 

(B5) Boundary Element Calculations

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

(B6) Shear Calculations 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

(B7) Reinforcement Schedule and Serviceability 

 

 



 



 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C  
Team reflections (See Section XX Design brief) 

 
 

 



 

INDIVIDUAL REFLECTION PROMPTS 

Isaac Kim 

●​ My primary role in the project was to perform the calculations for Phases C and D, 
namely the drift calculations, extracting the wall demands at the first story, and 
performing the initial core wall flexure design. My secondary role involved going back 
through the earlier seismic calculations to account for any mistakes and correct anything. 
Due to it being the end of the year, there were moments when responsibilities shifted 
according to the schedules of other group members. We tried to be as accommodating as 
possible. 

●​ One technical challenge that our team encountered was having mismatching seismic 
loads with the TAs. This primarily had to do with the fact that all of our calculations (this 
time around) were performed in Excel. Due to the simplicity of manually creating any 
formula and seeing it cleanly displayed along a set of cells, Excel was chosen. However, 
we encountered several issues with numbers not matching up. This is because the Excel 
cells are not unit-aware, so we had some conversion issues. More than this, there were 
times we simply did not account for loads (we did not include the slab loads or column 
loads initially). Also, because some of the loads were added manually in the formulas, it 
was difficult to parse the good portions of the loads from the errors. Our team worked 
through it by double-checking our calculations to make sure the values made sense, going 
back and cross-checking with our TAs, and re-running everything. In the future, we will 
go back to using some sort of automatic calculation software like BlockPad or MathCAD 
to avoid similar errors. 

●​ Our team managed our schedule differences by being as communicative as possible 
during this last busy finals week. Because some members of our team had more work 
outside of class than others, those who had less during the week tried to pick up some 
slack and get as much work done as possible. We also tried to be vocal about who would 
complete what part of the project in the “Project Timeline” tab in the Excel spreadsheet. 

●​ The most important thing I learned from this project, as well as this class as a whole, is 
the beauty of communication. Whenever we ran into an issue between the project's 
“phases”, it was because we had different people working on different phases that did not 
know what was going on in another phase. I think this helped me to understand that it’s 
vital for engineers to communicate calculations so that it’s clear to the average person. I 



 

can’t just use numbers and expect people to get it. I need to explain the clear logical flow 
from A to B, since that is what I will be doing in the real world. 

 

Chris Liu 

●​ My primary role was to perform the seismic weight calculations and lateral force 
analysis. I also performed the drafting for the project. At first, it was not decided who 
would do what part, but I decided to take on the lateral force analysis and drafting 
because I had the most experience with it in the past, again playing to my strengths. As 
the school year was nearing to a close and group members got busy, some responsibilities 
shifted to those who had more time on their hands to help complete the project.  

●​ A big technical challenge that occurred was with our lateral force analysis and seismic 
weight calculation. When checking with the TA during office hours, it was discovered 
that our forces did not match up by a large amount. After some back and forth, we 
realized that there were a lot of mistakes with the calculations, such as not including the 
beam weight, incorrect number of walls, and incorrect area of the building. We spent over 
an hour with the TAs, painstakingly going through our calculations and making sure 
values were correct. Perhaps moving forward, we will not use Excel for our calculations 
as it does not show the equations with the variables, nor does it take into account units.  

●​ Our team managed disagreements over design choices, workload, and approaches by 
being honest and stressing the importance of communication. We were really good about 
not being afraid to ask for help, and people were willing to pick up for others and help 
wherever needed. 

●​ The most important thing I learned from this project is how to manage conflicts, whether 
it be scheduling, disagreements with other group members, or issues with the 
calculations. Something that helped navigate this was effective communication. I know I 
keep mentioning it in this reflection, but communication really does make a difference 
when it comes to group work. It helps others know what is going on and if there’s 
anything that needs to be addressed or focused on. Without communication, groups 
would fall apart. Another thing I learned is that not everyone works at the same pace. 
Some people might work really quickly and will want to finish their work as soon as 
possible, while others take their time, not necessarily because they are lazy, but because 
they might have other things they have to focus on or take things slower so that they 



 

understand it better. It’s important that we, as a group, remain understanding and 
adaptable so that everyone is accounted for.  

Hannah Ahn 

●​ My primary role was to do the core wall design. I was originally assigned part E and F 
but there were complications with part D so I ended up doing parts D to F. A lot of my 
responsibilites were on the last leg of the project so I took on a lot of the miscellaneous 
responsibilities that had to be covered to finish the project. This made my role evolve 
significantly over the course of the project because a portion of the initial parts had to be 
redone to complete my portion of the project. 

●​ On technical challenge was iterating the P-M diagram. The initial reinforcement design 
was not adequate so it had to be iterated multiple times before arriving at the final design. 
I had initially started on Phase E that requires the computing of the neutral axis, c. It 
relies on the P-M diagram so I worked through it all until I realized that the P-M diagram 
did not start from an initial design that produced the reinforcement ratios but the ratios 
were conjured. So I had to go back and do the reinforcement design and then the P-M 
diagram and then redo Phase E so that I could continue onto Phase F. This mishap took 
up a lot of time. There was also a slip up on my end where I designed for 6” c.c. for the 
web curtain reinforcement but wrote down 8” instead. I had to tell my teammate so that 
he could redo the drawing. 

●​ The approach and roles for this final project was determined more by our schedules and 
availability than an onset decision. With finals and homework assignments, our schedule 
for working on this project was uncertain so we worked on it whenever we had time. I did 
not have time during the beginning of the project so I worked on the later part of the 
project. This was not an idea approach to working on the project but it is what worked for 
our team this time around. Next time, taking time to plan out a schedule for completing 
the project would be most helpful. planning around are uncertainty is definitely possible 
and would be a better choice then figuring it out as we go but we did this past time. The 
only issues that  arose during this project was some communication uncertainties.This 
was resolved through clear communication. There were aspects of the project that had to 
be redone  due to mistakes made. this was resolved through communication and 
reallocating the rules that had to be completed. 

●​  The most important thing I learned from this project is the need for more clear 
communication at the beginning of a project to assign rules and to make sure that double 



 

checking of work can be done before submitting the project. There were a lot of changes 
that to be made for previous parts done that could have been avoided if  our work was 
double checked earlier on in the project. As a team though, I'm quite satisfied with the 
work we produced on such a time crunch and with so many responsibilities from other 
classes piling up.  

Brian Tran 

●​ My primary role in the project was the input, geometry & site seismicity. It evolved over 
the three weeks after the complete project checklist was released I was also responsible 
for the reinforcement schedule & serviceability. There were moments where 
responsibilities shifted when we got closer to finals because group members got busy so 
we tried to help each other out wherever we could. 

●​ One technical challenge that my team encountered was when I was obtaining site 
seismicity parameters from ATC Hazards tool, I used ASCE 7-22 instead of ASCE 7-16. 
Because of this, the SDS, SD1 I found were not accurate and caused our design response 
spectrum to be plotted incorrectly. Luckily one of my group members caught this mistake 
and gave me the correct values which fixed our design response spectrum. 

●​ My team managed disagreements about design choices, workload, and approach by 
communicating with each other. We listened to what each other had to say and were open 
to change and trying different approaches. What worked was dividing the work before we 
started, so that everyone knew what part of the project they were responsible for. 

●​ The most important thing I learned, technical or professional, from working on this 
project as a team was communication. A lot of the problems we had were solved by 
communicating with each other and helping each other understand the different parts 
each of us worked on individually.  

TEAM SUMMARY 

​ Our team started the project by dividing the various roles and responsibilities needed in order 
to complete this project. Brian was responsible for the input, geometry & site seismicity as well 
as reinforcement schedule & serviceability. Isaac was responsible for the hand calculations in 
addition to the core wall flexure design (P-M interaction). Chris was responsible for the seismic 
weight and lateral force analysis and also the technical drawings. Hannah was responsible for the 
report formatting, checking over the drawings, boundary element design, and shear design. Each 
of us chose which portions we wanted to work on. At different points throughout the duration of 



 

the project, we asked other members to take on other roles, but it was done through open and 
clear communication. 

​ One concrete lesson our team will carry into future collaborative engineering work is the 
importance of communication. We would sometimes run into issues due to the fact that different 
group members were working on different parts of the project, so communication was key in 
helping us understand what was happening in each other’s different phases of the project. Many 
of the problems that we encountered were solved by communicating with each other and helping 
each other come up with the appropriate solutions. Communication is also important when 
managing conflicts amongst our group, such as scheduling, disagreements, or issues with 
calculations, as mentioned time and time again. Overall, communication allows each of us to 
know what is happening with one another and if there is something that requires more attention 
and without communication we would fall apart. 

 

 


