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Executive summary 

 

Hakuna Resort is a jungle/safari theme hotel that includes a 217,703 square feet indoor water 

park as well as outdoor pool. The other side of the resort is convention centers which provides 

multiple meeting spaces. Divided into three distinctive spaces, the hotel is in between the indoor 

water park and convention space. These spaces are connected with expansion joints, therefore, 

can be looked at as three separate buildings. 

 

The hotel building has total of eight stories above ground with total height of 101’-5” to the top 

of roof excluding the basement. With each floor having approximately 45,000 SF, the hotel 

portion of the resort has 395,938 SF by itself. The scope of this thesis project is limited to the 

hotel portion of the site; however, future assignment may incorporate an impactful design of 

hotel to improve cohesiveness of adjacent buildlings. 

 

The foundation is consisted of cast in place concrete with footings and piers while north-west 

portion of building is partially unexcavated. The excavated portion of basement space is divided 

into usable rooms by concrete and masonry walls. 

 

The typical elevated floor is 10” precast prestressed hollow core planks. At the excavated 

basement floor and first level floor above unexcavated foundation, a unique condition exists such 

that slab on grade concrete is used. The precast planks are supported by loadbearing masonry 

walls throughout the structure. However, in service areas like sauna, message and treatment on 

second floor, steel framing system is used to take advantage of opened frame system compared 

to solid shear wall that may block the view or pedestrian flow. 

 

The nature of repetitive and typical hotel room floor layout allows the structural system to be 

simple and typical as well. The need of privacy also enabled the usage of masonry shear walls in 

between almost every room. Like mentioned earlier, these shear walls are supporting precast 

planks, therefore resisting gravity load. 

 

In conclusion, while dominant structural system is masonry shear walls with precast planks, 

there are also structural wide flange steel framing in appropriate spaces, as well as reinforced 

concrete walls in lower levels. This usage of multiple structural systems will be analyzed 

throughout this report. 
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Building Site Information 
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Abstract 
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Documents Used to Create This Report 

 

Masonry Standards Joint Committee 

 Building Code Requirements and Specification for Masonry Structures 

o Building Code Requirements for Masonry Structures 

 TMS 402-11 / ACI 530-11 / ASCE 5-11 

o Specification for Masonry Structures 

 TMS 602-11 / ACI 530.1-11 / ASCE 6-11 

 

Concrete Masonry Association of California and Nevada 

 2009 Design of Reinforced Masonry Structures 

 

American Concrete Institute 

 ACI 318-08 – Building Code Requirements for Structural Concrete and Commentary 

 

American Institute of Steel Construction 

 Steel Construction Manual 14th Edition 

 

Hakuna Resort Construction Documents 

 Architectural and Structural Sets 
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Revised Wind Load Calculation 

Technical Report 4             Hakuna Resort Young Jeon

6



ASCE 7- (Y) 

I &'ste- Wi d ¥C?J (r. 6 -f) 

\,1-:- CfO ""p 

W;"J d.' "-f,(,) CAl f (fa. Ie 6-~) 

kef o. ~ 

2, 1- fc<c"(J(' ( 
I :: 1·0 

3. E)(poS vt re. (. At:~;j0.'t ( Secti 6.5. 6.3) 

£>c So 1<. C. 

4-. TOp0j ic.. 

:;kz I 0 

.5. G... t -e-.({ e+ 

- Build.'n 

- tV~-t ( ( 

/I _ 

(,..ow -

E ~/) . t. 

-~/ 
t 

F•. i H e\ 

Technical Report 4             Hakuna Resort Young Jeon

7



H<Jfe! ~ N- ( See c.N,J ..s ) 

Cw =- 0,4- q 

() I = 3~S 3>C"'" .,. Jo 71 
= 2 6 H I .H 101.4/67 

Z:;' (}.6~ ~ 0.6(101. 4~..) = {,o,~ , 

Ot. ::: b. Jq~¥ -
Jo =- O.6~
 

C:-~:l
 

j." 50 0' 

6 ~ u.2 () 1 

I ??,)6 (~. 
"Z '" C ( i.. = O.l 6t;. ) ~ ·177 

L z : i ( ;~) '"~ JOO(,,~:,y ~ ~ 56;' oct 

Q - r. r).~~ (/l'. _1 013 ~ I W.63 (- "V~::/VI.=)  0. 11'2<,,+ 
l-z. / 

V"L ~ h ( Z3 r (t;;;) - (0.65") (~. ~r" (qO)(-!f): Cf4.3 '"fh 

( 6. .> I ) 

G, - O. O.g! :; 

Technical Report 4             Hakuna Resort Young Jeon

8



E-w
 

LLv =: 0 027 

z:."C 60,85' 

- - 0,15 f' 

10 ~ 1).6~ 

CwO. 
!=sQt.;)' 
6='0,'2. :: /2.1" 360D' 0.63) T' O,~77 _ _ 

4. JI.'Z. '= 0.17 7 h .. /"1( 36t;7o -6).63)
 

1-:z = tb~, OCt / :JG. &. gv :: 3. ~
 

Vz ::; C(Lt. ~ 'Mph
 

tv -:: n, L z 0 I r\ 
I_-=- .63 l 56S.0ql -: 3.77 Hz. 

V:z. q+ ~ 

Rn ~ 7, 4-7 N. _ 7. 47 (3.77) :: () ()6 
(,ot /fJ.3N, )'13 (I +10.3 (3.77)) . 

? for R. .. ::: 4,b . ~ z: = +,6 (3.-n) -~:.:).. = 3.' oet 

L. -::;. ...!- - -' ( I - e. -2~) ;; ~ - --l-.- ( -2.(3., 1>\ - 0 '2..7 r, ') 2~' lS,lOC{ 2.(3,'tX1y I - e ) - . 

9fur Re ::; 4, b (). ~_ :: 4:6 (06~) 7~ .:=- q b JI 
, qf,~' 

Re :: -L- - , ( I - e-J/ .61 ) ().()c"rl6
Q.61 1 :4.(((,6 11)16 

ofor I< I- ~ J~-, if t\ ~ - /s 4 (V. (;) 3~ ~ = 24.ltK
Vz q1.~ 

o 1 I 
"L- "" - - -- I, -2.('24)\

94-.1+8 2(2+.4i) L - e I ::=- 0.04

(Zo h R, (.\ R. (O.<;3 ~ O.47R.) < O.20q 

~ f ~ O. Cf. 2~ ( I oJ. I. 7 I z 13: Q'l.+ Ei ~ R1) ~ o. [18 41 
J + II 7.sv I z. ..l- 

Technical Report 4             Hakuna Resort Young Jeon

9



  

Shear Wall Contribution to the Natural Frequency

North-South Direction

Height Length Width Area

(ft) (ft) (ft) (ft2)

1 101.42 70 0.97 67.81 24.73

2 101.42 15.33 0.97 14.85 0.40

3 97.33 60.6 0.97 58.71 20.29

4 97.33 60.6 0.97 58.71 20.29

5 97.33 60.6 0.97 58.71 20.29

6 97.33 60.6 0.97 58.71 40.58

7 97.33 60.6 0.97 58.71 40.58

8 97.33 60.6 0.97 58.71 20.29

9 97.33 31.33 0.97 30.35 3.66

10 97.33 60.6 0.97 58.71 20.29

Sum = 211.41

Cw = 0.4786

East-West Direction

Height Length Width Area

(ft) (ft) (ft) (ft2)

11 97.33 28.5 0.97 27.645 2.81

12 97.33 9 0.97 8.73 0.10

13 97.33 12 0.97 11.64 0.23

14 97.33 12 0.97 11.64 0.23

15 97.33 42.38 0.97 41.1086 8.30

16 97.33 15 0.97 14.55 0.44

Sum = 12.10

Cw = 0.0274

Individual Shear

Wall Contribution

Individual Shear

Wall Contribution
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L 75 ft

B 239 ft

Kzt 1

Kd 0.85

V 90

I 1

G, NS 0.845

Gf, EW 0.884

Floor Number
Height above

ground
Zg α kz qz qh

2 16.417 900 9.5 0.87 15.25 22.18

3 31.917 900 9.5 1.00 17.54 22.18

4 42.75 900 9.5 1.06 18.65 22.18

5 53.583 900 9.5 1.11 19.56 22.18

6 64.417 900 9.5 1.15 20.33 22.18

7 75.25 900 9.5 1.19 21.01 22.18

8 86.083 900 9.5 1.23 21.61 22.18

Roof 101.42 900 9.5 1.27 22.37 22.18

Wind Load Calculation
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Floor Number
Height

above ground

Story

Height (ft)
qz qh

Windward

 (psf)

Leeward

(psf)

Tributary

Height (ft)

Tributary

Area (ft
2
)

Force (k)
Story Shear 

(k)

Moment at 

Each Story

(ft-k)

Ground 0 0 15.25 22.18 10.31 -9.37 8.2 1958 38.53 535.54 0.00

2 16.417 16.417 15.25 22.18 10.31 -9.37 16.0 3806 74.90 497.02 1229.67

3 31.917 15.5 17.54 22.18 11.86 -9.37 13.2 3140 66.66 422.11 2127.61

4 42.75 10.833 18.65 22.18 12.61 -9.37 10.8 2584 56.79 355.45 2427.79

5 53.583 10.833 19.56 22.18 13.22 -9.37 10.8 2584 58.38 298.66 3128.15

6 64.417 10.834 20.33 22.18 13.75 -9.37 10.8 2584 59.73 240.28 3847.64

7 75.25 10.833 21.01 22.18 14.20 -9.37 10.8 2584 60.91 180.55 4583.39

8 86.083 10.833 21.61 22.18 14.61 -9.37 13.1 3121 74.84 119.64 6442.78

Roof 101.42 15.337 22.37 22.18 15.12 -9.37 7.7 1829 44.80 44.80 4543.71

Base Shear 535.54
Total Overturning

 Moment 28331 ft-k

Floor Number
Height

above ground

Story

Height (ft)
qz qh

Windward

 (psf)

Leeward

(psf)

Tributary

Height (ft)

Tributary

Area (ft
2
)

Force (k)
Story Shear 

(k)

Moment at 

Each Story

(ft-k)

Ground 0 0 15.25 22.18 10.78 -3.92 8.2085 615.64 9.05 131.44 0.00

2 16.417 16.417 15.25 22.18 10.78 -3.92 15.9585 1196.89 17.60 122.39 288.96

3 31.917 15.5 17.54 22.18 12.40 -3.92 13.1665 987.49 16.12 104.79 514.55

4 42.75 10.833 18.65 22.18 13.19 -3.92 10.833 812.48 13.90 88.66 594.39

5 53.583 10.833 19.56 22.18 13.83 -3.92 10.8335 812.51 14.43 74.76 773.01

6 64.417 10.834 20.33 22.18 14.38 -3.92 10.8335 812.51 14.87 60.33 957.92

7 75.25 10.833 21.01 22.18 14.86 -3.92 10.833 812.48 15.26 45.46 1148.21

8 86.083 10.833 21.61 22.18 15.29 -3.92 13.085 981.38 18.85 30.21 1622.62

Roof 101.42 15.337 22.37 22.18 15.82 -3.92 7.6685 575.14 11.36 11.36 1151.68

Base Shear 131.44

Total Overturning

 Moment 7051 ft-k

Wall Pressure East - West Direction

Wall Pressure North - South Direction
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Roof Wind Uplift North - South Direction

Location on Roof Cp G qh
Pressure

(psf) h = 101.42

0 to 98.63 ft -0.875 0.845 22.18 -16.40 L = 75

h/L = 1.35 >1.0

Roof Wind Uplift East - West Direction

Location on Roof Cp G qh
Pressure

(psf) h = 101.42

0 to 98.63 ft -0.9 0.884 22.18 -17.65 L = 589

98.63 to 197.25 ft -0.9 0.884 22.18 -17.65 h/L = 0.17 <0.5

197.25 to 238.5 ft -0.5 0.884 22.18 -9.80

Roof Wind Uplift
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Revised Seismic Load Calculation 
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Floor

Number

Height

above ground

Story

Height (ft)
Dead Load

Partition

Load

Total 

Weight

(psf)

Floor Area

(ft
2
)

Weight

(k)

2 16.417 16.417 115.5 15 130.5 17888 2334

3 31.917 15.5 115.5 15 130.5 17888 2334

4 42.75 10.833 115.5 15 130.5 17888 2334

5 53.583 10.833 115.5 15 130.5 17888 2334

6 64.417 10.834 115.5 15 130.5 17888 2334

7 75.25 10.833 115.5 15 130.5 17888 2334

8 86.083 10.833 115.5 15 130.5 17888 2334

Roof 101.42 15.337 155 0 155 17888 2773

Total Weight = 19113

Cs = 0.0505

k= 1.07

Vb = 965.2 k

Floor

Number

Height

above ground

Story

Height (ft)
W (k) Wh

k Cvx
Forces

(k)

2 16.417 16.417 2334 46615 0.030 29.24

3 31.917 15.5 2334 94943 0.062 59.56

4 42.75 10.833 2334 129796 0.084 81.42

5 53.583 10.833 2334 165280 0.107 103.68

6 64.417 10.834 2334 201275 0.131 126.26

7 75.25 10.833 2334 237696 0.154 149.11

8 86.083 10.833 2334 274487 0.178 172.19

Roof 101.42 15.337 2773 388538 0.253 243.73

Base Shear: 965.20

Cs = 0.0163

k= 1.335

Vb = 311.5 k

Floor

Number

Height

above ground

Story

Height (ft)
W (k) Whk Cvx

Forces

(k)

2 16.417 16.417 2334 97854 0.021 6.44

3 31.917 15.5 2334 237700 0.050 15.65

4 42.75 10.833 2334 351123 0.074 23.12

5 53.583 10.833 2334 474691 0.100 31.26

6 64.417 10.834 2334 606982 0.128 39.97

7 75.25 10.833 2334 746958 0.158 49.19

8 86.083 10.833 2334 893871 0.189 58.87

Roof 101.42 15.337 2773 1321467 0.279 87.03

Base Shear: 311.54

Seismic Load Calculation

Story Forces (North - South)

Story Forces (East - West)
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Structural Modeling 

 

 

 

 

  
Figure 1. ETABS model of Hakuna Resort Hotel Building 
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Modeling Process 
 

Hakuna Resort’s hotel building is divided from convention building and indoor waterpark 

structure by expansion joints. The hotel building itself has yet another expansion joint that 

divides the building in half. For the purpose of this technical assignment, which was hinted in the 

lateral load analysis revision, only hotel building A will be studied.  

 

 

 

 

 

 

 

 

 

 

 

One of unique features that Hakuna Resort’s hotel building has when looking at its lateral system 

is the overwhelming number of lateral force resisting elements it contains. By having this 

expansion joint, a simpler model can be made to reduce the amount of time to generate and run a 

bigger model. 

 

First the structural model was studied to make appropriate assumptions before making model. 

After making assumptions, the model was generated with lateral loads automatically calculated 

by ETABS’s built in ASCE 7-05 provisions and the revised hand calculation to compare the 

differences directly. 
 

Assumptions 
 Shear walls have fixed bases because it is connected to concrete basement wall that is 

connected to concrete piers with spread footings. 

 Moment frames have fixed bases in order to have enough stiffness to support the 

additional 60’ tall masonry shear walls above them. 

 Floor system is rigid diaphragm to keep model drift consistent and simple. 

 All shear walls were modeled as membrane shell element with meshing size of roughly 

12” X 18”, keeping 1:1.5 ratio. 

 Partially grouted masonry walls were assigned material property of weight accordingly 

with their grout spacing. 

 Masonry piers within masonry shear walls were modeled as line elements and overlap in 

areas were ignored.  

 Masonry piers that were within fully grouted masonry shear wall was not modeled. 

Expansion Joint 

Figure 2. Expansion joint in the hotel building 
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Typical Lateral Resisting Element Analyzed 
 

 
 

 

 

 

 

 

 

 

Verifying Model with Stiffness Spot Check 
 

Before making a 3D model of the structure, a typical shear wall was taken separately as 2D 

model with applied 100 kip unit load to spot check the validity of model. 

 

 

 

 

 

 

Figure 3. Hakuna Resort Hotel Building A, 4th Floor 
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K = 
100

0.146
 

 

K = 685 k/in  
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Center of Rigidity Calculation for Typical 4th Floor 
 

  

4th floor

X (ft) Y (ft)

MSW 1 Y 10.667 0.97 66.666 67512.68 0.00 - - 67512.68 - 0.00

MSW 2 Y 10.667 0.97 37.800 37580.98 7.92 - - 37580.98 - 297517.38

MSW 3 X 10.667 0.97 27.380 26573.58 - 66.67 26573.578 - 1771554.15 -

MSW 4 X 10.667 0.97 7.917 4961.09 - 47.80 4961.0864 - 237149.85 -

MSW 5 X 10.667 0.97 7.917 4961.09 - 17.73 4961.0864 - 87952.62 -

MSW 6 X 10.667 0.97 7.917 4961.09 - 10.00 4961.0864 - 49610.86 -

MSW 7 X 10.667 0.97 41.380 41324.31 - 0.00 41324.313 - 0.00 -

MSW 8 Y 10.667 0.97 31.100 30527.76 27.38 - - 30527.76 - 835850.19

MSW 9 Y 10.667 0.97 31.100 30527.76 27.38 - - 30527.76 - 835850.19

MSW 10 Y 10.667 0.97 31.100 30527.76 41.38 - - 30527.76 - 1263238.88

MSW 11 Y 10.667 0.97 31.100 30527.76 41.38 - - 30527.76 - 1263238.88

MSW 12 Y 10.667 0.97 31.100 30527.76 69.38 - - 30527.76 - 2118016.28

MSW 13 Y 10.667 0.97 31.100 30527.76 69.38 - - 30527.76 - 2118016.28

MSW 14 Y 10.667 0.97 31.100 30527.76 97.38 - - 30527.76 - 2972793.68

MSW 15 Y 10.667 0.97 31.100 30527.76 97.38 - - 30527.76 - 2972793.68

MSW 16 Y 10.667 0.97 31.100 30527.76 125.38 - - 30527.76 - 3827571.08

MSW 17 Y 10.667 0.97 31.100 30527.76 125.38 - - 30527.76 - 3827571.08

MSW 18 Y 10.667 0.97 31.100 30527.76 153.38 - - 30527.76 - 4682348.48

MSW 19 Y 10.667 0.97 31.100 30527.76 153.38 - - 30527.76 - 4682348.48

MSW 20 Y 10.667 0.97 31.100 30527.76 181.38 - - 30527.76 - 5537125.88

MSW 21 Y 10.667 0.97 31.100 30527.76 181.38 - - 30527.76 - 5537125.88

MSW 22 Y 10.667 0.97 31.100 30527.76 209.38 - - 30527.76 - 6391903.28

MSW 23 Y 10.667 0.97 31.100 30527.76 209.38 - - 30527.76 - 6391903.28

MSW 24 Y 10.667 0.97 31.100 30527.76 223.31 - - 30527.76 - 6817231.35

MSW 25 Y 10.667 0.97 31.100 30527.76 238.50 - - 30527.76 - 7280871.77

MSW 26 Y 10.667 0.97 31.100 30527.76 238.50 - - 30527.76 - 7280871.77

MSW 27 X 10.667 0.97 14.068 11981.04 - 0.00 11981.036 - 0.00 -

Sum = 94762.19 685121.18 2146267.48 76934187.79

dRy dRx

Center of Rigidity 22.65 112.29

Center of Rigidity (ETABS) 15.57 109.04

Ry*XRx*Y
Rx

(k/in)

Ry

(k/in)

Distance from Ref. DatumElement

Label

Element

Direction

Height

(ft) 

Width

(ft) 

Length

(ft) 

Stiffness

(k/in) 
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The hand calculated center of rigidity had percent error of 2.9% in X-direction. However, a 

larger difference was calculated in Y-direction, which resulted percent error of 31%. This may 

have to do with the openings in the diaphragms and masonry piers, which were not considered in 

the hand calculation.  

Center of Mass 

Center of Rigidity 

Figure 4. Partial 4th Floor Center of Mass and Rigidity 
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Torsional Rigidity of 4th Floor 
 

 

  

X (ft) Y (ft)

MSW 1 67512.68 112.29 - 851313052

MSW 2 37580.98 104.38 - 409421297

MSW 3 26573.58 - 44.02 51486240

MSW 4 4961.09 - 25.15 3138751

MSW 5 4961.09 - 4.92 120114

MSW 6 4961.09 - 12.65 793758

MSW 7 41324.31 - 22.65 21198405

MSW 8 30527.76 84.91 - 220110874

MSW 9 30527.76 84.91 - 220110874

MSW 10 30527.76 70.91 - 153512759

MSW 11 30527.76 70.91 - 153512759

MSW 12 30527.76 42.91 - 56217179

MSW 13 30527.76 42.91 - 56217179

MSW 14 30527.76 14.91 - 6789134

MSW 15 30527.76 14.91 - 6789134

MSW 16 30527.76 13.09 - 5228623

MSW 17 30527.76 13.09 - 5228623

MSW 18 30527.76 41.09 - 51535647

MSW 19 30527.76 41.09 - 51535647

MSW 20 30527.76 69.09 - 145710204

MSW 21 30527.76 69.09 - 145710204

MSW 22 30527.76 97.09 - 287752297

MSW 23 30527.76 97.09 - 287752297

MSW 24 30527.76 111.02 - 376265989

MSW 25 30527.76 126.21 - 486253953

MSW 26 30527.76 126.21 - 486253953

MSW 27 11981.04 - 22.65 6145991

Sum = 4546104938

Element

Label

Stiffness

(k/in) 

Distance from

CoR

Torsional 

Rigidity

(k*ft2/in)
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Total Shears on 4th Floor 
  Total Shear (North-South Direction)

e = 5.24 ft

Seismic Story Shear at 4th floor 876.4 kips

Seismic Shear only at 4th floor 81.42 kips

Torsional Rigidity 4546104938 k*ft2/in

Distance from

CoR

X (ft)

MSW 1 67512.68 112.29 8.02 86.36 -0.71 -7.66 7.31 78.70

MSW 2 37580.98 104.38 4.47 48.07 -0.37 -3.96 4.10 44.11

MSW 8 30527.76 84.91 3.63 39.05 -0.24 -2.62 3.38 36.43

MSW 9 30527.76 84.91 3.63 39.05 -0.24 -2.62 3.38 36.43

MSW 10 30527.76 70.91 3.63 39.05 -0.20 -2.19 3.42 36.86

MSW 11 30527.76 70.91 3.63 39.05 -0.20 -2.19 3.42 36.86

MSW 12 30527.76 42.91 3.63 39.05 -0.12 -1.32 3.50 37.73

MSW 13 30527.76 42.91 3.63 39.05 -0.12 -1.32 3.50 37.73

MSW 14 30527.76 14.91 3.63 39.05 -0.04 -0.46 3.59 38.59

MSW 15 30527.76 14.91 3.63 39.05 -0.04 -0.46 3.59 38.59

MSW 16 30527.76 13.09 3.63 39.05 0.04 0.40 3.67 39.45

MSW 17 30527.76 13.09 3.63 39.05 0.04 0.40 3.67 39.45

MSW 18 30527.76 41.09 3.63 39.05 0.12 1.27 3.75 40.32

MSW 19 30527.76 41.09 3.63 39.05 0.12 1.27 3.75 40.32

MSW 20 30527.76 69.09 3.63 39.05 0.20 2.13 3.83 41.18

MSW 21 30527.76 69.09 3.63 39.05 0.20 2.13 3.83 41.18

MSW 22 30527.76 97.09 3.63 39.05 0.28 2.99 3.91 42.04

MSW 23 30527.76 97.09 3.63 39.05 0.28 2.99 3.91 42.04

MSW 24 30527.76 111.02 3.63 39.05 0.32 3.42 3.95 42.47

MSW 25 30527.76 126.21 3.63 39.05 0.36 3.89 3.99 42.94

MSW 26 30527.76 126.21 3.63 39.05 0.36 3.89 3.99 42.94

Sum = 685121.18 81.42 876.4 0.00 0.0 81.42 876.4

Total Shear (East-West Direction)
e = 10.42 ft

Seismic Story Shear at 4th floor 289.44 kips

Seismic Shear only at 4th floor 23.12 kips

Torsional Rigidity 4546104938 k*ft2/in

Distance from

CoR

Y (ft)

MSW 3 26573.58 44.02 6.48 81.17 -0.06 -0.78 6.42 80.39

MSW 4 4961.09 25.15 1.21 15.15 -0.01 -0.08 1.20 15.07

MSW 5 4961.09 4.92 1.21 15.15 0.00 0.02 1.21 15.17

MSW 6 4961.09 12.65 1.21 15.15 0.00 0.04 1.21 15.19

MSW 7 41324.31 22.65 10.08 126.22 0.05 0.62 10.13 126.84

MSW 27 11981.04 22.65 2.92 36.59 0.01 0.18 2.94 36.77

Sum = 94762.19 23.12 289.44 0.00 0.00 23.12 289.44

Total Shear

(kips)

Total Story 

Shear

(kips)

Direct Shear

(kips)

Direct Story 

Shear

(kips)

Total Shear

(kips)

Total Story 

Shear

(kips)

Torsional 

Shear

(ft-kips)

Torsional 

Story Shear

(ft-kips)

Direct Shear

(kips)

Direct Story 

Shear

(kips)

Element

Label

Stiffness

(k/in) 

Torsional 

Shear

(kips)

Torsional 

Story Shear

(kips)

Element

Label

Stiffness

(k/in) 
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Verification of Lateral Force Resisting Element 
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f'm 3000 psi

Em 2700 ksi

Es 29000 ksi

grade 60 steel

12" nominal thickness

Point 1 Pure Compression (neglecting slenderness) Point 4 100% Allowable Stress

d (in) Area (in2)
Strain 

(in/in)
Force (k) e (in)

Moment 

(in-k/ft)
d (in) Area (in2)

Strain 

(in/in)
Force (k) e (in)

Moment 

(in-k/ft)

Masonry 180.0 2985.0 0.0005 4029.75 0.0000 0.00 Masonry 110.1 912.9125 0.0005 616.22 73.4 45230.25

Steel Layer 180.0 0.3100 0.0005 4.50 0.0000 0.00 Steel Layer

P1 = 4034.25 M1 = 0.00 1 355.0 0.3100 0.00110 -9.89 -244.9 2421.82

2 339.0 0.3100 0.00103 -9.24 -228.9 2115.71

Point 2 No net tension at outside face of masonry 3 323.0 0.3100 0.00102 -9.20 -212.9 1958.20

d (in) Area (in
2
)

Strain 

(in/in)
Force (k) e (in)

Moment 

(in-k/ft) 4 307.0 0.3100 0.00102 -9.15 -196.9 1800.81

Masonry 2.9 2985.0 0.0005 2014.88 60.0000 120892.50 5 291.0 0.3100 0.00101 -9.09 -180.9 1643.55

Steel Layer 5.8 0.3100 0.0002 1.50 0.0000 0.00 6 275.0 0.3100 0.00100 -9.01 -164.9 1486.47

P2 = 2016.37 M2 = 120892.50 7 259.0 0.3100 0.00099 -8.93 -148.9 1329.60

8 243.0 0.3100 0.00098 -8.83 -132.9 1173.03

Point 3 50% Allowable Stress 9 227.0 0.3100 0.00097 -8.70 -116.9 1016.85

d (in) Area (in2)
Strain 

(in/in)
Force (k) e (in)

Moment 

(in-k/ft) 10 211.0 0.3100 0.00095 -8.54 -100.9 861.23

Masonry 171.4 1421.1917 0.00050 959.30 114.2700 109619.71 11 195.0 0.3100 0.00093 -8.32 -84.9 706.44

Steel Layer 12 179.0 0.3100 0.00089 -8.03 -68.9 552.95

1 355.0 0.3100 0.000550 -4.94 -183.6 907.81 13 163.0 0.3100 0.00084 -7.59 -52.9 401.65

2 339.0 0.3100 0.000502 -4.51 -167.6 756.48 14 147.0 0.3100 0.00077 -6.90 -36.9 254.54

3 323.0 0.3100 0.000454 -4.08 -151.6 618.94 15 131.0 0.3100 0.00062 -5.60 -20.9 117.06

4 307.0 0.3100 0.000406 -3.65 -135.6 495.19 16 115.0 0.3100 0.00026 -2.32 -4.9 11.36

5 291.0 0.3100 0.000358 -3.22 -119.6 385.22 99.0 1.3100 -0.00249 94.66 11.1 1050.78

6 275.0 0.3100 0.000310 -2.79 -103.6 289.05 P4 = 581.56 M4 = 64132.29

7 259.0 0.3100 0.000262 -2.36 -87.6 206.66

8 243.0 0.3100 0.000214 -1.93 -71.6 138.06 Point 5 Pure Tension

9 227.0 0.3100 0.000167 -1.50 -55.6 83.25
d (in) Area (in

2
)

Strain 

(in/in)
Force (k) e (in)

Moment 

(in-k/ft)

10 211.0 0.3100 0.000119 -1.07 -39.6 42.23 Masonry 180 2985 0.0000 0.00 0.0 0.00

11 195.0 0.3100 0.000071 -0.64 -23.6 15.00 Steel Layer 180 6.9750 -0.0011 -222.50 0.0 0.00

12 179.0 0.3100 0.000023 -0.20 -7.6 1.56 P5 = -222.50 M5 = 0.00

P3 = 928.41 M3 = 113559.16

4th Floor Masonry Shear Wall Interaction Diagram
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Story Forces and Drifts Analysis (MSW 22) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The output produced by the hand calculated values seems to be close compared to hand 

calculated outputs to believe that model is valid. However, while the wind forces by ETABS 

ASCE 7-05 seems to be very close to the hand calculated ASCE 7-05 wind load values, the 

seismic forces are very different. The seismic base shear in X-direction came out almost tripled. 

There must be an error in either parameter in ETABS seismic ASCE 7-05 input, or the hand 

calculation is wrong. Even with the very high value by ETABS seismic shear, the displacement 

limit test barely passed, which makes the structure almost not acceptable. 

 

 

  

Story Forces and Drifts - Wind by ETABS Story Forces and Drifts - Seismic by ETABS

VX VY VX VY

kip kip kip kip

Roof -9.996 -45.372 0.000032 0.145 Roof -154.942 -203.835 0.00012 0.145

Story 8 -24.085 -109.515 0.000033 0.107 Story 8 -295.487 -388.732 0.000134 0.107

Story 7 -37.536 -171.017 0.000034 0.107 Story 7 -420.804 -553.597 0.000144 0.107

Story 6 -50.703 -231.505 0.000034 0.107 Story 6 -531.246 -698.89 0.000151 0.107

Story 5 -63.551 -290.86 0.000032 0.107 Story 5 -627.367 -825.345 0.000156 0.107

Story 4 -76.037 -348.923 0.000029 0.107 Story 4 -707.884 -931.271 0.000157 0.107

Story 3 -90.737 -417.954 0.00022 0.107 Story 3 -776.846 -1022 0.00016 0.107

Story 2 -107.53 -498.093 0.000224 0.155 Story 2 -832.336 -1095 0.000164 0.155

Story 1 -121.37 -565.511 0.000008 0.164 Story 1 -854.212 -1123.78 0.000058 0.164

Story Forces and Drifts - Wind by Hand Calculation Story Forces and Drifts - Seismic by Hand Calculation

VX VY VX VY

kip kip kip kip

Roof -11.36 -44.8 0.00003 0.145 Roof -87.031 -243.73 0.0001 0.145

Story 8 -30.21 -119.64 0.000031 0.107 Story 8 -145.901 -415.92 0.000101 0.107

Story 7 -45.47 -180.55 0.000031 0.107 Story 7 -195.091 -565.03 0.000101 0.107

Story 6 -60.34 -240.28 0.000031 0.107 Story 6 -235.061 -691.29 0.000098 0.107

Story 5 -74.77 -298.66 0.000029 0.107 Story 5 -266.321 -794.97 0.000092 0.107

Story 4 -88.67 -355.45 0.000026 0.107 Story 4 -289.441 -876.39 0.00008 0.107

Story 3 -104.79 -422.11 0.001683 0.107 Story 3 -305.091 -935.95 0.000773 0.107

Story 2 -122.39 -497.01 0.001625 0.155 Story 2 -311.531 -965.19 0.000839 0.155

Story 1 -131.44 -535.54 0.00001 0.164 Story 1 -311.531 -965.19 0.000023 0.164

Story Drift
ASCR7-05

Drift Limit

Drift
ASCR7-05

Drift Limit

Story Drift
ASCR7-05

Drift Limit

Story Drift
ASCR7-05

Drift Limit
Story

Roof Displacement (in) H/600

Wind - ETABS 0.02249 0.16833 OK

Wind - Hand Calc 0.01976 0.16833 OK

Seismic - ETABS 0.16172 0.16833 OK

Seismic - Hand Calc 0.07674 0.16833 OK
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