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Abstract 

This MQP focuses on providing an understanding of the building design 

process. lt shows a redesign of lnstitute Hall 's structure using two different 

types of construction materials: Steel and Reinforced Concrete. Each structural 

design is accompanied with its respective construction cost estimate and 

schedule. Fire protection and heating analysis issues are also considered. 

These factors are the basis for comparison between the two designs to 

determine which is the most adequate for future projects of similar type around 

the Worcester area. 
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CHAPTER 1 

lntroduction 
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L lntroduction 

lt takes four years , on average, to receive a bachelors degree in CivilBIBLIOHCA FICT 

Engineering. lf we neglect the new trend of classifying Environmental ESPOL 

Engineering as Civil Engineering , and put the Urban Development Majors in 

their own category; Civil Engineering consists of one thing. Constructing ! 

Constructing, or construction is a multifaceted word ; it encompasses a 

multitude of actions. Construction itself has many meanings, sorne of these 

meanings are, to erect, to form, to build , and to devise. Just with these 

meanings we can see that a lot goes into construction, or rather that it is based 

on many disciplines. 

What are the disciplines needed to construct something, let us saya 

build ing? Far one we must have a manager, someone who oversees the 

process, or it will turn chaotic. We have to know how much it will cost, so the 

manager must also be able to estímate the cost, as well as the time span of the 

construction. 

A bui lding will need designs, it must be based on something befare 

construction begins. So architects and engineers must design it. They may 

decide to bu ild it from Steel , or maybe from Concrete. Each has its strengths, 

and weaknesses, as well as its construction and life-cycle costs. Therefore the 

designers must have a firm understanding of the building materials to be used. 



J 

1 

1 

They must also know how to use the State Codes pertaining to their building , 

and how to utilize these codes in his/her design. 

1-2 

What about protecting the building from tire? Yes, there must be someone 

disciplined in this form of engineering known as Fire Protection. Someone has 

to be able to design the structure for its resistance to tire, so that it may be safe 

for human use. lf it is not safe, the same engineer must know how to make it so, 

either by treatment, or with devices ( i.e. sprinklers, tire alarms) 

The building must also be built upon ground, and the foundations must 

be sturdy and stable enough to keep it from collapsing or toppling over. Not only 

must the Eng ineer know how to design in order to build foundations, but know 

how to analyze the soil as well. Therefore the design must also involve geo­

technical engineers to get the foundations right. 

While this may seem a strange introduction toan MQP, we could think of 

no better way to start our project off. This project is not on ly about a re-design of 

lnstitute Hall , it is about the entire process necessary for the construction of a 

build ing . 

In our project we are taking lnstitute Hall and designing it twice. Once 

out of Steel , and once out of Reinforced Concrete. We are then analyzing the 

fire protection for each building, the heating necessary for this particular type 

of bui lding , and doing a cost analysis of each design. In conclusion we intend 

to compare the two structures and state which would be the better choice. 



1 

l 

1-3 

The summary that was just given is the mechanics of the project, but we 

wish to show more than mechanics. Our goal is also educational, to show all of 

the knowledge that a civil engineer must have; as well as to give a summary to 

beginning students of all that will be learned in their future classes. 

--- -- - ------- - -
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Background 

2.1. History of lnstitute Hall 
n,BLWTECA FICT 

lnstitute Hall is the newest of ali the dormitory building s at the Worcester SPOL 

Polytechnic lnstitute (WPI) . lt is located on the corners of lnstitute Road and 

Boynton Street in Worcester, Massachusetts. lts original name was the Princess 

Apartments, and it served as a residential apartment building until it was 

purchased by the Lambda Chi Alpha Fraternity. This fraternity chapter would 

later sell the lease of the property to WPI to ease financia! troubles. However, in 

1989 the fraternity lost its national recognition and vacated the property. 

In 1990, the WPI fr sshman class of 1990 was projected at 700 students, 

and the school's campus was not equipped to handle such a student population. 

The reason for the problem was that the lnstitute guaranteed housing 

accommodation tor all freshmen, and even with the addition of Founders Hall in 

1985, the lnstitute was still about 100 beds short of the amount required. 

Therefore, after sorne review, and balancing of alternatives, lnstitute Hall 

became the newest dormitory at the expense of less needed office space. The 

name, as it reflects, is a symbol of the lnstitute's new acquisition. 

The new building's renovation was quoted approximately at the expense 

of $1,000,000.00, and opened its doors in the fall of 1989. The resident 

population of the dormitory is 70 students, accommodated in either double or 

triple bed rooms. Also, the building provides laundry machinery, leisure, 

----~ . - ~ -- --.-~- -_ =-~~--
- ----
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studying, and recreational facilities, housed in its basement. One of the latest 

evcnts in this young building's history, is the planting of a memorial tree on 

October 29, 1990. The memorial was dedicated to Andrew Heitman "93, who 

unfortunately died days befare he was scheduled to move in to the new 

dormitory. We would like to dedícate this project to his memory. 1 

2.2. lnstitute Hall lnformation Gathering 

2-2 

We began gathering lnformation on lnstitute Hall from the Plant Services 

department. In the basement of Plant Services are housed all the designs, and 

documents pertaining to WPl's buildings. lt is here that ali of the blue-prints, 

and specifications for construction were found. 

Several days were spent copying designs and taking down information. 

AII of our design dimensions were taken from the blue-prints and we received 

CAD prints of lnstitute's floor plans from the Plant Service secretary. The CAD 

drawings are located in Appendix A. 

Even thougll sorne information was received this way, much of it 

depended on going to lnstitute Hall and looking at its actual makeup. We had 

planned on designing the building again using the original architectural layouts. 

We n~eded the buildings basic dimensions and space distribution to proceed 

with the steel trame and reinforced concrete frame designs. 

1 lnstitute Hall's history was compiled using an IQP project, WPI Revisited: The Growth of the WPI 
Campus, done in the fati semester of 1990 by Michael Srhorr & Christopher Riley. 
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We went to lnstitute Hall several times, tool< pictures ofitas well as of 

other construction sites around Worcester. Sorne of these pictures are 

contained in this project report. The purpose of these v·isits was to see how the 

students lived, and the ways in which the building's corr,ponents were being 

used. This would be important to us later on, in the design of the rooms, and 

recreation areas; as well as the stairs, and elevator. 

Once we knew all the space distribution requirements we proceeded to 

develop the steel and reinforced concrete structural designs. Each design is 

accompanied with its respective construction cost estímate and schedule. Fire 

protection and heating analysis issues are also considered. These factors are 

the basis for comparison between the two designs to determine which is the 

most adequate for future projects of similar type around the Worcester area. 
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The purpose of th is chapter is to give the reader a general overview of the 

steps taken to develop the various parts of the project such as the steel and 
,~~ 1 :~ ,, ~- ;, ' 

reinforced concrete designs, the fire -protection issues, and the cost estimat~ng. ) , 
\ \"' d ., /9 

3.1 
>'( 

Stee/ Desígn BIBUOHCA FlCT 
ESPOL 

The first step taken in the steel design was to obtain the gravity and lateral 

loads acting on the building, presented in chapter 4, in accordance with the 

Massachusetts Building Code 1990 and the Canadian NBC Code 1977. We 

decided to compare both codes and use the one with the most conservative 

values for our calculation~. Then we made a thorough review of the space 

distribution along the four stories of the building . The purpose of the review was 

to develop a structural layout which coincides with the architectural drawings of 

the building, avoiding problems like placing columns in the middle of entrances 

or beams running across stairways. 

Knowing where columns and beams could be placed , the next step was to 

create a structural layout for the building. This layout was to include the 

columns, girders, beams, and steel deck plates present in the building . 

As far as the design went, it was performed in accordance with the top to 

bottom sequence of loading or, in other words, load transmission from roof to 

foundation . The roof and floor decks were designed to be composite concrete 

and steel decking , in accordance •.vith the United Steel Deck, lnc. (from 1992 

-----=--- • - --- -- --------~~~---------~ - --"-~-- - .... 
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SWEET's Catalog, file 2). Once the roof and floors were designed to carry their 

part icu lar livc and dead loads, the design of the structural members such as 

beams, gi rders, and columns could proceed since all the uniform dead and live 

loads acting on them were known . 

The design of these members was done by using John Smith's Structu ral 

Steel Design: LRFD Approach , 1991 edition textbook , in conjunction with 

AISC's LRFD 1 manual of steel construction. The LRFD complies with the 

provisions of the Massachusetts Building Code 1990. 

AII structural members were designed to be as wide-flange sections since 

it is the most common shape used in structural steel design as a beam (bending 

member), a column (axial compression member), anda beam-column (bending 

plus axial compression member) . 2 They were designed for gravity loads by 

using the tributary area method, checking far local buckling, shear, and 

deflections. 

The girders and columns designed to make up the buildings main trames 

were then analyzed for wind and seismic loading cond itions under the computer 

Program FRAME: Stiffness Analysis of Plane Frames.© 1988, by John 

F.Fleming. 

Lastly, the basement slab and was designed according to the WPI 

General Specifications on lnstitute Hall and in accordance with the 

1 AISC stands for American lnstitute of Steel Construction and LRFD stands for Load and 
Resistance Factor Des1gn. 
2 Smith, John. Structural Steel Design: LRFD Approach, 1991 edition, pgs.2-8. 



Massachusetts Building Code 1990. The foundations for the building were 

developed with the aid of Peck, Hanson, and Thornburn's Foun~ation 

Engineering, 197 4 ed ition textbook and in accordance with the Mass Building 

Code 1990. 

3.2 Reinforced Concrete Design 

3-J 

The first step taken in the reinforced concrete design was to determine the 

gravity and l~teral loads acting on the building, presented in chapter 4, in 

accordance with the Massachusetts Building Code 1990 and the Canadian NBC 

Code 1977. Then we had to make a thorough review of the space distribution 

along the four stories of the building . The purpose of the review was to develop a 

structural layout that coincides with the architectural drawings of the building, 

avoid ing problems like placing columns in the middle of entrances or beams 

runn ing across stairv.¡ays. 

Knowing where columns, and slabs would be placed, the next step was to 

create a structural layout far the building . This layout was to include the 

colúmns, and slabs present in the building. As far as the design went, it was 

performed in accordance with the top to bottom sequence of loading or, in other 

words, load transmission from roof to foundation . 

The design process followed for the two-way slabs was in accordance 

with the Di rect Design Method, given in, " Reinforced Concrete, Mechanics And 

~sign", 2nd edition textbook. The Slabs were designed with Two-Way 
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re inforcement, and were only supported by columns. Once the slab design was 

complete, the concentrated loads acting on the columns could be calculated. 

Design of the columns was based on the methods given in, " Reinforced 

Concrete, Mechanic~--ªnd Design" . The columns, and their reinforcement were 

designed under ACI specifications, subject to severa! ACI checks for shear, and 

deflection. 

Upon completion of the columns, drop panels were designed for their 

tops, and bottoms. The drop panels were designed under ACI guidelines, using 

methods form, "Reinforced Concrete, Mechanics and Design". 

The slabs and columns designed to make up the buildings main frames 

were then analyzed for wind and seismic loading conditions under the computer 

Program FRAME: Stiffness Analysis of Plane Frames.© 1988, by John 

F.Fleming . Lastly the basement slab was designed according to the WPI General 

Specifications on lnstitute Hall and in accordance with the Massachusetts 

Building Code 1990. 

3.3 Fire Pro tection 

Bi8l10JFCA FICT 
The first step taken in the fire protection design , and analysi L 

to establish the minimurn fire protection rating for each building design option. 

These were found using the 1990 Massachusetts State Buildings Codes, for 

mínimum fire protection ratings . 
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The next step taken was to organize all the data that had been designed 

in the Steel, and Reinforced Concrete Designs . The data was organized by 

types, and material of members. 

The "Fire Resistance Directory Vol. I" ,Underwriters Laboratories, and ," 

Calculation Methods for Fire Resistance", were then used to analyze, and design 

the members for our given fire protection rating . The fire protection designs were 

then tabulated for easier reference. 
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Methodology for Cost Estimating 

The methodology used for the construction estímate of this project was based on 

the bottom to top philosophy. In other words, the foundations are first, then the 

basement, and so on. In this case, there are six levels of construction : Foundations, 

Basement Leve!, First Floor Leve! , Second Floor Leve! , Th ird Floor Leve!, nnd Roof 

Level. 

AII quant¡ties obtained for the estímate were taken directly out of the design 

drawings provided. Ali prices were obtained from the Means Construction Costs Data 

1994. Conversion factors were obtained from page 523 in this book and were used to 

convert project cost from a National Average Cost to Worcester cost. So, individual 

trades were multiplied by their respective factors to accentuate any location benefits in 

one design or the other .. 

These factors, wh ich are also mentioned at the start of the steel estímate, are 

the following: 

AcUyity __ o.r. Trade 
2. Sitew0rk 

3.1. Formwork 
3.2. Reinforcing 
3.3. Cast in Place Concrete 

3. Concrete in General 
4. asonry 
5. Metals 
7. Thermal & n oisture Protection 
9.2 Lath, -~aster & Gypsum 
9.5 Acous ical Ceilings 
Worcester Average 

1'1A 1 . ...,...., .. 
123.6 
134.5 
114.9 

. 121.1 
131.9 
112.0 
116.3 
122.3 
·116.9 
109.8 

B1BUOHCA FJCJ 
_ES OL 
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In order to obtain real costs these factors are divided by 100,_ thus, obtaining the 

multipl ier as a percent, how it appears in the later table, which is th~n multiplied times 

thé cost of the respect ive activity transforming its cost to real cost in Worcester. 

These prices represent the unit cost of the activity. The unit price of the activity 

is obtained after the contractor's profit is introduced into the process. This profit is 

taken as 8% of total project cost. After it is tabulated as such, it will be prorated 

amongst all the activities increasing their price by 8% which then becomes the unit 

price. This final unit price is the one which appears in ali the cost reports for both 

designs. 

Furthermore, another important factor in the determination of a final project cost 

is time. The construction schedule provides an in depth look at what the project 

represents in a real profile. This is so because a project's base cost does not include 

interests paid on loans or overheads for the project. Therefore, a comparison based on 

base cost is not very accurate or wise. However, once an overhead of $2,700 weekly 

and an 11 % biweekly interest are included, the situation changes dramatically and, as 

future graphs will show, may influence decision making a big deal. 

A mock schedule is provided in the appendix for bott1 designs. However, this 

schedule only l¡sts the critica! activities in sequential arder. lts real importance is that it 

shows the duration of construction which will be used to determine interests and 

overhead. 

Final project reports are presented in severa! different ways for both designs. In 

the cost estímate sections of each design, severa! different tables will be introduced 

deta iling cost reports by activity, subdivision, division, budget (materiais, labor, and 

____,_ ~- - - -- -- - - -- - - --- -- ---- - - - -
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equipment), by floor, and so on. Furthermore, in the cost analysis part of the document. 

a new set of tables wi ll be introduced. These tables will depict weekly cash flow and 

interest payments of both designs. lt will also include 11 graphs with hopes to further 

detail ing the differences between designs, help point out any advantages or 

disadvantages any design might offer, and help in the later decision making process. 



l 
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4.. Gravity sm_d Lateral Loads 

This chapter directly applies to both the steel and reinforced concrete 

structural designs. After reviewing the architectural layout1 of lnstitute Hall and 

knowing the general dimensions (lengths, widths, and heights) of the building, 

the next step in the design process was to determine the various gravity and 

lateral loads that would be acting on the building. Live loads were obtained in 

accordance with the Massachusetts Building Code - 1990 edition. Since 

Massachusetts is located in the northeastern region of the United States, we 

decided to obtain the wind and earthquake forces acting on the building by 

comparing both the Canad 1an Code - NBC 1977 edition and the Massachusetts 

Code - 1990 edition, and using the one producing the greatest leve Is of loading. 

4.1 Gravity Loads 

lnstitute Hall is, basically, a four story college dormitory composed ota 
/.,.•·"....- - ...._ 1 

basement with recreational facilities and three floors of apartments. ThE¾:' "_" .. ,, j; 
' -:,. --< ~ .... ""º' 

following are the gravity loads far the building in accordance with the 19BYB DTECA FICT 

Massachusets Building Code. ESPOL 

4.1.1 Snow Load 

Figure 1111.1 C 2
, which is a map of Massachusetts showing snow loads 

distribution, !acates Worcester in zone 3 with a corresponding snow load of 35 

1 see Build ing Drawings in Appendix A. 
2 1990 Massachusetts Building Code, p. 11-13 in Appendix B. 
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psf. Since the building to be designed has a flat roof, the basic snow load is not 

modifi ed to account for snow drifting or roof slope. 

4.1.2 Uniformly Distributed Live Loads 

Since the building layout consists of a recreational basement and three 

apartment floors, the mínimum live load distribution3 is the following: 

Live Load for Roof: 35 psf (snow) 

Live Load for Prívate Apartments: 40 psf. 

Live Load for Public or Entertainment Rooms: 100 psf. 

Live Load for Corridors : 100 psf. 

Live Load for Stairs: 100 psf. 

Concentrated Load for Elevators (includes impact effects): 300 k. 

Construction Load: 20 psf. 

4.2 Lateral Loads 

The following are the lateral loads acting along the North-South axis and 

East-West axis of the building . The building's shape is that of a rectangle with 

an 88.5 ft by 51 ft base. lts roof height is 36 feet height above the ground. 

Figu re 4.1 Basic Dimensions of lnstitute Hall 

----------- : O() F 

1"511------------:,r_c, • l_O_O_C ________ __ 

'ºo ' ; 
-1 ----------

2. ND Fl o O/! 

1 

10.0' 1 1 '>' éL DO'l 

- ------- - --- fH;>.s Fr 

N-S A~;s 

3 In accordance with the 1990 Mass Ccce "º"~ ::on 1106, Table 1106, p. 11-3 



4.2.1 Wind Load 

Our ca lculations4 yielded the following wind loads for both.the steel and 

reinforced concrete designs of the building, since no frame material factor is 

needed for wind calculations. 

4. 2. 1. 1 Reference Pressure 

The reference pressure (P) is the wind pressure, in lb/ft2
, along the 

surface of th.e bu ilding where the wind is acting. 

Using the Canadian Code: P = 28.86 psf 

Using the 1990 Mass Code: P= 17 psf 

4-3 

The reason for this difference is dueto the use of a 2.0 gust effect factor 

by the Canadian Code. As stated in the introduction to this chapter, we decided 

to usE3 the more conservative approach far our calculations. Therefore, the 

ca lculations far individual wind forces acting on each floor were performed in 

accordance with the Canadian Code. 

4.2.1.2 Wind Force Applied per Floor 

The following wind force values per floor5 were obtained using the 

tributary area method: 

4 Calculations for Wind Loading can be found in Appendix C 
5 In accordance to NBC 1977 Code. 



N-S Axis of Building ( wind acts along a 51 ft . span) 

Flo or Height 
Above 
Ground 

(ft) 

Roof 36.0 

Third 25.5 

Second 15.5 

First 5.5 

V= Shear of the Building 
M = Overturning Moment 

Tribu tary Wind Moments 
Height Force 

(ft) (Kips) (ft-K) 

5.25 7.7 277.2 

10.25 15.1 385.1 

10.00 14.7 227.9 

7.75 11.4 62.7_ 

V= 48.9 M= 952.8 

E-W SIDc OF BUILDING ( wind acts along an 88.5 ft.) 

F/oor 

Roof 

Third 

Second 

First 

Height 
Above 
Ground 

(ft) 

36.0 

25.5 

15.5 

5.5 

V= Shear of the Building 
fv1 = Overturning Moment 

Tributary Wind 
Height Force 

(ft) (Kips) (ft-K) 

5.25 13.4 482.4 

10.25 26.2 668.1 

10.00 25.5 395.3 

7.75 19.8 108.9 

V= 84.9 M=1654.7 

4-4 



4-5 

4.2.1.3 Wind Force Applied per Frame 

The wind force values calculated on the previous section were acting on 

the entire N-S or E-W projected area of the building. However, there are four set 

of trames present ·on each direction. Therefore, the wind forces on the previous 

section must be distributed per trame to obtain the values of the tributary forces 

on each trame and be able to use the plane (2 dimensional) structural analysis 

prog ram FRAME to check for maximum deflections. 

N-S Side of the Building 

Largest tributary width of the 4 trames = 13.25 ft. 

Length of the E-W side (where the wind is acting) = 51 ft. 

Largest Width Ratio= 13.25 = 0.26 
51.0 

N-S Axis of Building ( wind acts along a 51 ft. span) . -~ ..... ·-.·.'..!:··•,,~ 
f•'Í * ~ 7

0 

_F_l_o_o_r ___ H_e_i_g_h_t ___ Wi_in_d ___ Wi_id_t_h ___ lM_t_n_d_;•i t•~;J 

:!~:d P:;;,::, Ratio p,,;;;:~:~Ím1 
(ffl (K~aj (K~aj ESPOL 

Roof 

Third 

Second 

First 

36.0 

25.5 

15.5 

5.5 

7.7 

15.1 

14.7 

11.4 

0.26 

0.26 

0.26 

0.26 . 

2.0 

3.9 

3.8 

3.0 

Note: The values in the "wind force per trame" column are used 
for the plane trame computer analysis. 

- .............,;=----:: - ~ -- - - - - --- ~ - ·- -=-=--- --- -- _- - -- - -
~ ~---=-=~ 
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E-W Side of thc Build ing 

Largest tributary width of the 4 frames = 31 ft. 

Length of the E-W side (where the wind is acting) = 88.5 ft. 

Largest Width Ratio= 31.0 = 0.35 
88.5 

E-W Axis of Building ( wind acts along an 88.5 ft. span) 

Floor 

Roof 

Third 

Second 

Fírst 

Height 
Above 
Ground 

(ft) 

36.0 

25.5 

15.5 

5.5 

Wind 
Force 

Per Floor 
(Kips) 

7.7 

15.1 

14.7 

11.4 

Width Wind 
Ratio Force 

0.35 

0.35 

0.35 

0.35 

PerFrame 
(Kips) 

4.7 

9.2 

8.9 

6.9 o· L, ~ 
't:!.l 

Note: The values in the "wind force per frame" column are used 
for the plane frame computer analysis. 

4.2.2 Seismic Loading for the Steel Frame 

4-6 

A FICT 
OL 

Unl ike the wind calculations, the seismic calculations6 were done 

independently for the steel and reinforced concrete frames since a K fador for 

each particular type of frame had to be applied . For the steel frame the value of 

V was 0.7, while the I{ value for the reinforced concrete trame was 1.3. This 

made a significant difference when calculating the base shear V for each design 

oplion. 

6 Calculations for Seismic Loading can be found in Appendix C. 
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4.2.2. 1 Base Shear 

The base shear (V) is the total lateral force of the seismic force acting at 

· the ground leve! of the building. 

Using the Canadian Code: 

North-South Axis (acting along 51 ft): V= 75.9 kips. 

East-West Axis (acting along 88.5 ft): V= 68.9 kips. 

Using the 1990 Mass Code: 

North-South Axis (acting along 51 ft): V= 24.20 kips. 

East-West Axis (acting along 88.5 ft): V= 21.98 kips. 

The reason far such a substantial difference in the values obtained using 

the Massachusetts Code to those obtained by using the Canadian Code is the 

1/3 factor used for the base shear equation of the Massachusetts Code7
. 

Besides, we are comparing one country's code to a state's code. The Canadian 

Code is then more conservative, having a larger value far V, since it is designed 

to cover from coast to coast. As stated befare, we decided to use the more 

conservative method in our calculations. Therefore, the calculations far 

individual seismic forces acting per floor were done using the Canadian Code. 

4.2.2.2 Seismic Force Acting per Floor 

The following seismic force values per floor were obtained in accordance 

with the Canadian Code: 

7 See shear Formula on seismic loading in Appendix B. 
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North-South Axis of Building 8
( se ismic force acting along a 51 ft span.) 

Floor Hcight (Hx) Wx WxHx Fx Moments 
Above 

Base leve/ 
(ft) (Kips) (Ft-Kips) (ft-K) (Ft-Kips) 

Roof 36.0 158 5688 27.0 972.0 

Third 25.5 212 5406 25.7 655.4 

Second 15.5 212 3286 15.6 241.8 

First 7.5 212 1590 LJ_ QLQ. 
¿= 15970 V=75.9 M=1926.2 

V= Base Shear of the Building M = Overturning Moment 

East-West Axis of Building ( seismic force acting along an 88.5 ft span.) 

Floor Height (Hx) Wx WxHx Fx Mom fJ?fa '" 

'~ Above \;\rÑ ; ; ~: 
Base leve/ ~JE 

'/:-~ ·-
(ft) (Kips) (Ft-Kips) (ft-1{) (Ft- l<ipsf 

Rl!111nrt '~ FICT 
ESF OL 

Roof 36.0 158 5688 24.5 882 

Third 25.5 212 5406 23.3 594 

Second 15.5 212 3286 14.2 220 

First 7.5 212 1filJ_Q JJL ~2-
¿= 15970 V=68.9 M=1748 

V= Base Shear of the Building M = Overturning Moment 

6 Far refcrence see Figure 4.1 . 
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4.2.2.3 Seismic Force Applied per Stee/ Frame 

The seismic force values calculated on the previous section were acting 

on the whole N-S or E-W side area of the building. However, there are four set 

of trames present on each direction of the steel design. Therefore, the wind 

forces on the previous section must be distributed per trame to be able to use 

the plane (2 dimensional) structural analysis program FRAME. 

N-S Side of the Building 

Largest tributary width of the 4 trames = 13.25 ft. 

Length of the E-W side (where the seismic force is acting) = 51 ft. 

Largest Width Ratio = _13..15 = 0.26 
51.0 

N-S Axis of Building ( seismic force acts along a 51 ft. span) 

Floor Height Seismic Widt/7 Seismic 
Above Force Ratio Force 
Ground Per Floor Per Framc:J 

(ft) (Kips) (Kips) # . + 

',' Roof 36.0 27.0 0.26 7.0 -;t 

Th ird 25.5 25.7 0.26 6.7 BlBLII 

Second 15.5 15.6 0.26 4.1 E~ 

First 5.5 7.6 0.26 2.0 

Note: The values in the "seismic force per trame" column are 
used for the plane trame computer analysis. 

f-

' " ~- ·" ,:-' 
,' 

·. ' \:, , . .,/¡ 
\ p - ' 

TECA FICT 
p L 

- -- - - - - - ~- -- . - - . - -



E-W Side of the Bui lding 

Largest tributa ry width of the 4 frames = 31 ft. 

Length of the E-W side (where the seismic force is acting) = 88 .5 ft. 

Largest Wid th Ratio= 31.0 = 0.35 
88.5 

E-W Axis of Bu ilding ( seismic force acts along an 88.5 ft. span) 

Floor 

Roof 

Third 

Second 

First 

Height 
Above 
Ground 

(ft) 

36.0 

25.5 

15.5 

5.5 

Seismic 
Force 

Per Floor 
(Kips) 

24.5 

23.3 

14.2 

6.9 

Width Seismíc 
Ratio Force 

0.35 

0.35 

0.35 

0.35 

PerFrame 
(Kips) 

8.6 

8.2 

5.0 

2.4 

4-10 
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Note: The values in the "seismic force per frame" column are used 
for the plane frame computer analysis. 

4.2.3 Seismic Loading for the Reinforced Concrete Frame 

The K factor for the reinforced concrete frame was 1.3. Following are the 

calculations for the seismic loads acting on the frame. 

4.2.3.1 Base Shear 

The base shear (V) is the total lateral force of the seismic force acting at 

the ground leve! of the build ing. 

...~. 
-~- ·--- -~- - . -



1)..;:;ing the Canad ian C~ : 

North-South Axis (acting along 51 ft): V:::: 140 .9 ldps. 

East-West Axis (acting along 88.5 ft): V= 128.9 kips. 

Using the 1990 Mass Code: 

North-South (acting a!ong 51 ft): 

East-West (acting along 88.5 ft): 

V:::: 47.0 k1ps. 

V:::: 42.7 kips. 

4 -11 

The reason for such a big difference in the values obtained using the 

Massachusetts Code to those obtained by using the Canadian Code is the 1/3 

factor used for the base shear equation of the Massachusetts Code9
, as 

explained in section 4.2.2.1 . 

4.2.3.2 Seismic Force Acting per Floor 

The following seismic force values per floor were obtained for the 

reinforced concrete design in accordance with the Canadian Code: 

9 See shear Formu la on seismic loading in Appendix B). 
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North-South Axis of Build ing 10
( seismic force acting along a 51ft span.) 

Floor Height (Hx) Wx WxHx Fx Moments 
Above 

Base leve/ 
(ft) (Kips) (Ft-Kips) (ft-K) (Ft-Kips) 

Roof 36.0 158 5688 50.2 1807.2 

Third 25.5 212 5406 47.7 1216.4 

Second 15.5 212 3286 29.0 450.0 

First 7.5 212 1590 HJl 105_.Q 
I= 15970 V=1 40.9 M=3578.6 

V= Base Shear of the Building M = Overturning Moment 

East-\/Vest Axis of Building ( seismic force acting along an 88.5 ft span.) 

F/oor Wx WxHx Fx Momer,t5, Heíght (Hx) 
Above 

Base leve/ 
(ft) (Kíps) (Ft-Kips) (ft-f<) (Ft-K· 

Roof 36.0 158 5688 45.6 1641.6 

Third 25.5 212 5406 43.3 1104.2 

Second 15.5 212 3286 26.3 407.6 

First 7.5 212 lliJl 12.7 JllLl 
I= 15970 V=128.0 M=3248.7 

V= Base Shear of the Building M = Overturning Moment 

1° Far reference see Figure 4.1 . 

-~ ~ ~----_-_ __:.;__...::;_;;;,._~--~-·~- - -~ . - - - - - - - - -
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4.2. 3.3 Seismic Force Applied per Reinforced Concrete Frame 

The seismic force values calculated on the previous section were acting 

on the entire N-S or E-W side area of the building . However, there are six sets 

of frames present on the N-S side and four on the E-W side. Therefore, the wind 

forces on the prevíous section must be distributed per frame to be able to 

calculate the maximum deflection per frame by using the plane (2 dimensional) 

structural analysis program FRAME. 

N-S Side of the Building 

Largest tríbutary width of the 6 frames = 13.25 ft. 

Length of the E-W side (wnere the seismic force is acting) = 51 ft. 

Largest Width Ratio = _13.25 = 0.26 
51.0 

N-S Axis of Building ( seismic force acts along a 51 ft. span) 

Floor Height Seismic Width Seismic 
Above Force Ratio Force 
Ground -Per Floor PerFrame 

(ft) (Kips) (Kips) 

Roof 36.0 50.2 0.26 

--. ,, 

Third 25.5 47.7 0.26 12.4 
n·8LI H 

Second 15.5 29.0 0.26 7.5 ES 
í-irst 5.5 14.0 0.26 3.6 

Note: The values in the "seismíc force per frame" column are 
used for the plane frame computer analysis. 

....._ 

. .:. ..... ~ 

A FICT 
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E-W Síde of the Building 

Largest tributary width of the 4 frames = 31 ft. 

· Length of the E-W side (where the seismic force is acting) = 88.5 ft. 

Largest Width Ratio= 31 .0 = 0.35 
88.5 

E-W Axis of Building ( seismic force acts along an 88.5 ft. span) 

F/oor 

Roof 

Third 

Second 

First 

Height 
Above 
Ground 

(ft) 

36.0 

25.5 

15.5 

5.5 

Seismic 
Force 

Per Floor 
(Kips} 

45.6 

43.3 

26.3 

12.7 

Width Seismic 
Ratio Force 

PerFrame 
(Kips) 

0.35 16.0 

0.35 

0.35 

0.35 

15.2 

9.2 

4.4 

4-14 

Note: The values in the "seisínic foíce per frame" column are used 
for the plane frame computer analysis. 

4.3 SUfl.lffi.l!l\RY 

For both the wihd and seismic calculations, the force values obtained from 

the Canadián Code were higher than those obtained from the Massachusetts 

Building Code. We preferred to use the Canadian Code to be more conservative 

in our calculations. Based on the results, one can also see that the wind or 

seismic force va lues obtaine9 were greater for the East-V\/est axis than for the 
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North-South axis, and that the overturning moment was greater for the seismic 

force than for the wind force . 

Therefore, the structural members were designed for gravity loads and 

for a mix of both wind and seismic loads as the lateral forces. This design was 

based on the values obtained by using the Canadian Code. Once, the structural 

members for the steel and reinforced concrete designs (chapters 5 & 6), are 

designed for gravity loads, they will be analyzed under the influence of wind and 

seismic forces by performing a computer analysis with the structural design 

program FRAME11
. 

11 A printout of this analysis for tl1e steel and reinforced concrete frames is located in 
Appendices F &G. 
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Steel Design 
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5. Stee/ Desígn 

At present, as we can see from new construction and renovation projects 

throughout the Worcester area and here at Worcester Polytechnic lnstitute, a 

steel trame with thin concrete slabs placed over a corrugated steel deck, and 

drywalls connected to metal studs, are becoming a trend in the construction 

business. Two majar features of this system are its fast assembly and ability to 

use a wide variety of suspended ceilings, HVAC and electrical systems. 

Figure 5.1 Steel trame far a construction project in front of Webster Square. 
Construction began in September 1994. 

¡_ M 
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This chapter summarizes the steel design of a lateral load sytem for the 

roof, floors, beams, girders, columns, and foundations of lnstitute Hall. 

5-3 

• Furthermore, the steel design will be compared to a reinforced concrete design, 

presented in chapter 6, in terms of estimated cost and life cycle issues such as 

heating and fire-safety, extremely important in the case of a college dormitory. 

We will then see which design performs better to be used in future projects . 

The structural frame of a building, acting as a skeleton, supports all the 

loads acting on it. For our building, in general , gravity loads (dead, live, and 

snow) govern over lateral loads (wind and seismic). The main structural 

members such as girders, beams, and columns will be designed for gravity loads 

but will be checked for wind and seismic forces using FRAME, a computer 

analysis program 1. As far as the design goes, it will be performed in accordance 

with the top to bottom sequence of loading or, in other words, load transmission 

from roof to foundation. 

5.1 lntroductíon to the Design 

After finding the gravity and lateral loads acting on the buiiding, 

presented in chapter 4, our next step was to make a thorough review of the 

space distribution a!ong the four stories of the building. In this case, space 

distribution implies the way in which the layout of the building is configured. In 

other words, size and location of living quarters, bathrooms, corridors, staiM'ays, 

elevators, and so on2
. The purpose of the ,eview w&s tu develop a structural 

1 For a thorough computer analysis on the steel trame see appendix F. 
2 CAD drawings of lnstitute Hall, obtained from plant services, can be seen in appendix A. 
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layout that coincíded with the archítectural drawíngs of the building, avoíding 

prohlems like placing columns in the míddle of entrances or beams running 

across stairways. 

5.2 Distribution and Layout of Structural Members 

5-4 

Knowing where columns and beams could be placed, the next step was to 

create a structura l layout of the building. This layout was to include the columns, 

girders, beams, and steel deck plates present in the building. They were 

distributed along the building using two factors as the governing criteria: 

1. Creating a distribution that would standardize spacing and sizes of members. 

2. Using a type of material that would be cost efficient for the construction site 
region, such as A36 stsel. 

Figures 5.4 and 5.5, following, depict a top and side view of the 

distribution and layout of structural members for the steel design. 
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5.3 Roof Design 

The type of roof designed was a reinforced concrete slab on an inverted, 

"B" steel deck ( 1.5" standard & galvanized) to be covered by a 3 ply felt and 

gravel, and supported by beams3
. 

5.3. 1 General Jnformation 

1. Steel deck runs in the opposite direction to the beams length as seen 
in figure 5.6 and designed for a two-span, and is to be welded to the 

structural supports using 5/8" dia-puddle welds, spaced not more than 
12 " on center. 

2. Reinforcement is a WWC (Welded Wire Fabric) supplying the 
mínimum As permitted by ACI code for Temperature, shrinkage 
and structural reinforcement. 

Figure 5.6 Layout of beams supporting the steel deck in the Royal 
Worcester Apartments parking garage. 

B!BLIOHCA f ICT 

3 The roof and floor decks were designed in accordance with the United Steel Deck, lnc. (from 
1992 SWEET's Catalog, file 2) . Ali design details and calculations can be found in Appendix D 
under Steel Design. 
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Figure 5.7 Steel deck of Royal Worcester Apartments ' parking garage. 
lt shows connections of columns- beams and the steel deck. 

BIBLIOTECA FICT 
ESPOL 

5.3.2 Load and Design Values for Roof's S/ab 

Reinforced concrete values 

fe'= 3000 psi 

fe= 1350 psi 

f5 = 30,000 psi 

- - - - -

Loads acting on Roof 

35 psf snow load 

20 psf construction load 

= . -----~-- ---- - ~ -



5.3.3 Roof's Steel Dcck 

The steel deck was designed by checking the load w by using two 

· equations from the Sweet's Catalog4
. These two equations were the following: 

1. Negative moment (governs) 

-M = wL2 

8 
2. Deflection 

On these two equations, 
W = W1 + W2 (psf) 

5-9 

w1= Weight of wet concrete slab + Deck (psf) 

w2=Snow load (psf) 

L=length of deck's span 

E= Steel's modulus of elast:city 

I= Moment of lnertia 

Then the value of w obtained was used to entera table of different stee: 

deck gauges such that the value from the table was greater than the value 

obtained from w1 + w2. This gave us the required steel deck and slab to support 

the loads.5 

The_following design was obtained for the roofs corrugated steel deck 

plates: 

4 see pg.14 on Sweet's Catalog , file 2, under steel decks. 
5 See calculations in ;:i f'l rP.nrlix f) 

- -~------ --



GAUGE: 16 GA 

SPAN: TWO@ 8.25 ft = 16.5 ft. 

WIDTH : 6.75" (to simplify design) 

WELD: 5
/ 8 " dia-puddle welds 
SPACED: 12" o.e. 
Side laps of sheets to be welded 

Concrete slab is of compos ite construction 
with the steel deck: 

5-10 

1 ----------------~---'~• .;,._./)~; 
'- •. 1 -.l/i' / 

""-~ SLAB SIZE: 3.5" 
REINFORCEMENT: 66-44 Mesh 

~ ',\_,..... 

in direction of deck span B18L [uHCA FICT ._ _________________ _,~~ .• ~3 OL 

5.4 Floor Design 

The type of floor designed was a reinforced concrete slab on an inverted, 

"B" steel deck ( 1.5" standard & galvanized). This design is to be repetitive for 

the first, second, and third floors of the building because they all have the same 

space distribution6
. 

5.4.1 General lnformation 

1. Steel deck runs in the opposite direction to the beams length as seen 
in figure 5.6 and designed for a two-span, and is to be welded to the 

structural supports using 5/8" dia-puddle welds, spaced not more than 
12 " on center. 

2. Reinforcement is a WVVC (Welded Wire Fabric) supplying the 
minimum As permitted by ACI code for Temperature, shrinkage and 
structuml reinforcement. 

6 See build ing's drawings in appendix A 



5.4.2 Load and Design Values for Floors 

Reinforced concrete v~ 

fe= 3000 psi 

fe= 1350 psi 

f5 = 30,000 psi 

5.4.3 Floor's Steel Deck 

LoadsEting on Floor~ 

40 psf (residential apartments) 

100 psf (corridors) 

20 psf construction load 
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The floor slab and steel deck were obtained using the same equations 

shown in section 5.3.3. 7 The fallowing design was obtained far the corrugated 

steel deck plates: 

5.4.3.1 Design far Apartments Area 

GAUGE: 16 GA 

SPAN: TWO@ 8.25 f1 = 16.5 ft. 

WIDTH: 6.75" (to simplify design) 

WELD: 5
/ 8 " dia-puddle welds 
SPACEb: 12" o.e. 

I 

' ( 
1 < 

BIB 1'UTrLtt F.c1 
ESPOL 

Side laps of sheets to be welded 

Concrete slab is of composite construction 
with the steel deck: 

SLAB SIZE: 4.0" 
REINFORCEMENT: 66-44 Mesh 

in direction of deck span 

7 See Floor Deck calculations in appendix D. 



5.4.3.2 Desígn for Corrídors Area 

GAUGE: 16 GA 

SPAN: TWO@ 8.25 ft = 16.5 ft. 

WIDTH: 6.75" (to simplify design) 

WELD: 5/8 " dia-puddle welds 
SPACED: 12" o.e. 
Side laps of sheets to be welded 

Concrete s lab is of composite construction 
with the steel deck: 

SLAB SIZE: 4.5" 
REINFORCEMENT: 44-44 Mesh 

in direction of deck span 

5.5 Structural Members Design 

81! JOHCA f ICT 
1 SPOL 

5-1 2 

Once the roof and floor siabidecking systems were designed to carry their 

particu lar live and dead loads, the design of the structural members such as 

beams, girders, and columns could proceed since all the uniform dead and live 

loads acting on them were known . 

The design of these members was done by using John Smith's Structural 

Steel Design : LRFD Approach , 1991 edition textbool< , in conjunction with AISC's 

LRFD 8 manual of steel construction. The design was in accordance to the Mass 

Building Code 1990 , which says that the design of steel structural members is to 

be done using the AISC's U~FD manual. 

6 AISC stands for American lnstitute of Steel Construction and LRFD stands for Load and 
Resistance Factor Design . 
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Value-engineering is a tapie commonly used today in the construction 

business. lt is basically an analytical study of the possible options far a project 

· and choosing the one which will optimize the project both in terms of efficiency 

and economy. Therefore, the design of all beams, girders, and columns far the 

bu ild ing were based on A 36 steel since this carbon steel is commonly used far 

general purposes, especially far the design of buildings. 

Ali structural members were designed to be W sections since it is the 

most commo'n shape used in structural steel design as a beam (bending 

member) , a column (axial compression member), and a beam-column (bending 

plus axial compression member). 9 

The structural steel design of the building members was done in 

sequence, starting from the design of the roof beams, girders, and columns all 

the way down to the design of the foundations supporting all live and dead loads 

of the building; where the columns and girders would be making up resisting 

trames both far wind and seismic forces . 

5.5.1 Design of Roof ancl Floor Beams 

The first structural members to be designed were the roof and floor beams 

since they oniy support ihe steei deck and concreie siab, which carry the roof 

live load far snow (35 psf) or the floor live load for private apartments (40 psf). 

The beams design did not require calculation of dead load values for walls or 

other members acting over tr1em. The design was based on calculating the 

9 Srnith, Jolln. Structur3! Stee! Design: LRFD Approach , 1991 edition, pgs.2-8. 

--~~--- . ---~-- . -~ - -- - - ----- - --~· - - -- - ---- -
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largest tribu tary area that each beam would be supporting 10
. Knowing this, the 

tota l live and dead loads acting on the beam could be calculated. 

These loads were multiplied by the following factors required by the AISC : 

Wu=1.20+ 1.6L 

Using this uniform load (Wu) we found the reactions @ supports, the 

ultimate shear Vu, and the ultimate moment Mu ( for simple spans) : 

M =W lz u -M-

8 

Then we searched through the beam tables in the LRFD manual for the 

lightest A36 W section with the required span (see layout sketch of structural 

members on Figures 5.4 and 5.5) and whose designed moment multiplied by a 

safety factor (~b) of .85 would be greater than the ultimate moment: 

Th is W section was then checked for local buckling, shear, and deflection 

limit. 

5.5.1.1 Check for Local Buckling 

Both the flange and the web of the W section were checked for local 

buckling using the following AISC equations. 

Check for the Flang_g_;_ 

1° For reference, see appendix D. 

0.5 b1 
t, v✓here: fy= yield strength of steel 

bt= Flange's base width 
tr= Flange's thickness 



Check fo r tho w~ 

5.5.1.2 Check for shear 

where: 
f y= yield strength of steel 
Íw= Web's thickness 

5-15 

To check the W section for shear we used the following AISC equation: 

where: 
t1,.33'-•~T· .,_~ cp=0.9 safety factor 
,,•.¡jl,r * ~ 
{;( -~ : Vn=0.6 Fy t"w d 
1·-~ :.__; )J} V u= required shear strength 

'':-º' f y= yield strength of steel 
BIBLIOTECA FICT Íw= Web's thickness 
ESPOL d= section's depth 

5.5.1.3 Check for Deflection 

The rnaxirnurn deflection had to be within the lirnits of the lirniting 

deflection using the following AISC equation: 

t:. lím.= Span (in} 
360 

4 
t:. max.= 5wl - -

384EI 

Whera: 
w = service live load 
L= span of the bearn 
E= Steel's Modulus of elasticity 
1 = Section's rnornent of inertia 

lf the VV section satisfied all the requirernents for local buckling, shear, 

and deflection, then it was chosen asan appropriate rnernber for the design of 

the building, if not, the next W section with a higher. ~b fi P was selected and 

- checked for all the requirernents again. 



5-16 

After performing the calculations, see appendix O on Steel Des ign, the 

following members were chosen as roof beams and floor beams, which carne 

out to be the same since the 40 psf for prívate apartment does not make a big 

difference compared to the 35 psf for snow load. 

Beams required for both Roof and Floors -----.... 

..-fi~~:--e-m~b:--e-r ___ L':""'o-ca-t~io_n _____ L_e_n_g_t_h_( __ ft)-'"!it~:*~~~ 
. "'" 1 !/º 

<! ' 20.5 S¡,C'\;. W 10x22 Apartments area 

W 6x9 Corridors area 6.0 

5.5.2 Design of Roof and Floor Girders 

The roof and floor girders run along the perimeter, corridor, and main 

divisions of the building 11
. 

Roof girders were designed to support all the live and dead loads 

transferred from the roof beams, and as well as tl1e columns support all lateral 

loads. The girder design was done following the same procedures as those 

taken in the beam design (section 5.5.1 ), thus selecting a W section that would 

satisf-)1 all requirements for local buckling, shear, and allowable deflections. In 

the case of the floor girders, they had to support the vertical loads transferred 

from the walls and columns. In arder to design the girders we first had to choose 

the type of outer wall system we wanted on the building. We decided to use 8" 

hollow concrete blocks with heavy aggregate as our outer wall system 12
. 

11 See Figures 5.4 and 5.5 for layout of girders. 
12 For calculations refer to appendix D. 

~-------~-----~~------~~-- . ~~~---=~-~-~~-.--

' j ' 
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After perforrn ing the calculations for the girders, see appendix O, the 

fol lowing members were chosen as roof or floor g irders support ing the largest 

tributary area of either 35 psf for snow loads, 40 psf far prívate apartment ,and 

100 psf far corridors. 

Girders Required far Roof and Floors 

... _;. .. . 
Member Location Lengths(ft) . ,• 

"/ \ 
\ \ s}; 

W 18x40 Roof 35.5, 26.5, 20.5, & 6.0 . 

~ , r . A FICT W 21x68 1 st, 2nd & 3rd 35.5, 26.5 , 20.5, '6-!01 

Floors ESI OL 

5.5.3 Design of Columns 

After design ing all the horizontal elements of the steel frame such as the 

metal decking , the beams, and the girders, we could then proceed to design the 

columns, which are the vertical elements transferring all live and dead loads from 

the roof to the foundations, and which as well resist lateral loads dueto wind and 

earthquakes. 

· The column design was based on W shapes and done by using Smith's 

textbook and in accordance to the LRFD manual13
. The benefit of choosing a W 

section as a column is since it is a doubly symrnetric cross section, it on ly twists 

when .the column buckles (torsional mode of buckling). To have a balance 

between safety and economy, and since the building consists of only four floors, 

we decided to standardize the columns by designing the basement leve! columns 

· 
13 Smith, J.C . .fil[uctural Steel Design: LRFD approacb. New York: John Wiley and Sons, 1991 

edition . 
LRFD {Load & Resistance Factor Design: Manual of Steel Construction). AISC, 1986 edition. 

-~--=---------~-- ~-...-- - - ~---. --~---=~= 
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and applying this design far higher floors columns . Four types of columns were 

designed based on their tributar'}' areas. These four types were: comer columns, 

N-S edge columns , E-W edge columns, and interior columns. 

J-f-
1-
1 

Type of columns (refer to Figure 5.8) 

1. Comer columns are labeled: 1 .4, 16, 13 
2. N-S edge columns are labeled : 8,9,5, 12 
3. E-W edge columns are labeled : 2,3, 14, 15 
4. Interior columns are labeled: 6,7, 1 O, 11 

Figure 5.8 Sketch of columns layout. 
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' 
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~S -6 1 1f4 
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Note: Shaded areas are the respective tributary areas for each column . 
As one can see, the comer columns have the smallest tributary 
area while the interior columns have the largest tributary area. 

From tl1e sketch one can also note that each cross section in the corners 

of the bui lding is rotated 90º with respect to its neighboring cross sections. This 



was done deliberately to provide sorne major principal axis column bending 

strength for resisting sidesway_ buckling in both directions ( X and Y) 14
. 

5.5.3.1 Obtaining the Concentrated Load at each Column 

5-19 

After finding the tributary areas for ali columns, see figure 5.8, ali the 

dead and live loads, including exterior walls, were calculated for each type of 

column at the basement level. Ali these live and dead loads, usually in pounds 

per square feet, were multiplied by the tributary areas to obtain a concentrated 

load, Pu, acting at the center of each type of column. 15 

Concentrated Loads Acting on Columns@ basement level 

TYPE OF COLUMN 

Comer columns 

N-S edge columns 

E-VJ edge columns 

Interior columns 

5.5.3.2 Selection of Column Sections 

Pu (kips) 

110 
~ ;,.,,,,,,.- ,"r 

(f( 1~7¡ 1 

\ ~ y o' 

~. 11'42 

BIBLIOTECA FICT 
ES 8' 

The first step in selecting a w shape for a particular column was to: 

A. Check the Y-Y axis: 

To be safe, assume column pin connected at top and bottom with sidesway 

inhibited . 

14 Smith, John ..filllic.wral Sleel Design, 1991 edition, pg .144 
15 see calculations on "Column Design" section of Appendix D. 

- -~__¿ __ ._ ------- --~- ~ - - -



From Tab le C-C2.1 in the LRFD for condition (d), K=1.0 

Therefore, the effective length far the columns is: 

Kly = length of column x K factor 

5-20 

Then we entered the column tables at this effective length and selected a 

W shape whose <j>P u was greater than the previously calculated Pu from the 

tributary area; where <j> = 0.85. 

B. Check the X-X axis 

From properties section in column tables in the LRFD, the rxlry ratio was 

found for the W section previously selected far the Y-Y axis. 

lf the effective length (KI) of the column divided by the r/ry ratio was less 

than the original KI, then Hie w section was acceptable. lf not, the check far the 

Y-Y and X-X axes with the next lightest w section having a greater <J>Pu had to be 

· 16 done over aga,n . 

Preliminary W Sections For Columns 

COLUMN TYPE 

Comer columns 

N-S edge columns 

E-W edge columns 

Interior columns 

16 See appendix O far ali column calculations . 

W SECTION 

W 8x24 



5.5.4 Preliminary Wind and Seismic Computer A nalysis 
For the Steel Frame 

5-2 1 

AII the gi rders and columns designed in sections 5.5.2 through 5.5.3 are 

· assembled together into frames which make up the building 's ske leton. Since 

the designs of both girders and columns were based on live and dead loads 

on ly, they must be exposed to a computer analysis for wind and seismic forces 17 

to check if the frame would be acceptable under such circumstances. We did 

four computer runs to verify the frame: 

Run 1' . N-S wind analysis . 
Run 2. N-S earthquake analysis . 
Run 3. E-W wind analysis . 
Run 4. E-W earthquake analysis . 

Note: Each run had the following load combinations: 
(1.2 DL + 1.6 L.L + 1.0 W or 1.0 E), and the concentrated load Pu 
for the columns . 

5.5.4.1 FRAME ©: Structural Analysis Computer Program 

In arder to perform the wind and seismic analysis we used the computer 

program FRAME18
. This two dimensional (plane) structural analysis program 

is composed of program running files, a data input file , and an output file . 

The first step was to enter all the member and joint data for the frame to 

be analyzed. Th is was done by editing a sample input data file from the program 

called "plfrm.dat." To access this file one must go into DOS© and at the prompt 

type: "edit plfrm.dat". 

17 see Wind and Seismic calcu lations on chapter 4 . 
18 Program FRAME: Stiffn ess Analysis of Plane Fra™.® 1988, by John F.Fleming. 

• - -~-'----=------~--=---r--...=·-=:--~ ---::--~ - -----,,,-~-=---~~~--~ 
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Once in this file, one makes all the necessary changes for one's particular 

frames' materials, members, and joints data. When all the changes are made, 

save it under a different name such as "example.dat". 

Then one must run the file : "frame". This file will ask for the input file; in 

this case "example.dat", and for an output file such as "example.out". 

Finally when the message "stop-Program Terminated" appears on the 

screen, one can go over and analyze the computer analysfs of the frame by 

typing the following at the prompt command: 

"edit example.out" 

lf one is satisfied with the frame analysis one can print it by typing: 

"print example.dat" 

5.5.4.2 Required Data for the Preliminary Computer Analysis 

The computer analysis 19 required to number all the joints and 

members in the N-S and E-W frames and then enter them with all their 

required data in tabular form : 

19 For a printout of the computer analysis on the Steel Frame see Appendix F. 

- ----~~-- - ---------- ---~-- -~-~-. 
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Figure 5.9 N-S view 
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Member 
W 18x40 
W 18x40 
W 18x40 
W 18x40 
W 21 x68 
W21 x68 
W21x68 
W 21 x68 
W 10x22 
W 6x9 
W 10x45 
W 10x45 
W 10x45 
W 8x31 
W 8x31 
W 8x31 
W 8x24 
W 8x24 
W 8x24 
W 8x24 
W 8x24 
W 12x14 
W 12x14 

Member 
W í8x40 
W 18x40 
W 18x40 
W21x68 
W 21x68 
W 8x24 
W 8x24 
W 8x24 
W 8x24 
W 8x24 
W 8x24 

Sun1mary of Prelírninary fllen1bers (or the 
Steel Design of lnstitute Hall 

Design of l\:1embers for the Main Section of the Build ing 
Type Location Length(ft) Quantity 
Girder Roof 35.5 4 
Girder Roof 26.5 8 
Girder Roof 20.5 8 
Girder Roof 6.0 4 
Girder 3rd, 2nd, & 1st Floors 35.5 12 
Girder 3rd, 2nd, & 1 st Floors 26.5 24 
Girder 3rd, 2nd, & 1 st Floors 20.5 24 
Girder 3rd, 2nd, & 1 st Floors 6.0 12 
Beam Roof, 3rd, 2nd, & 1 st Floors 20.5 56 
Beam Roof, 3rd, 2nd, & 1 st Floors 6.0 28 
Interior column Roof 10.5 4 
Interior column 3rd, & 2nd Fioors 10.0 8 
Interior column 1 st Floor 7.5 4 
N-S co lumns Roof 10.5 4 
N-S columns 3rd , & 2nd Floors 10.0 8 
N-S columns 1st Floor 7.5 4 
E-W & Comer columns Roof 10.5 8 -
E-W & Comer columns 3rd, & 2nd Floors ;.27[ -~ 10.0 16 
E-W & Comer columns 1 st Floor /i( Pi.· 'rH 7.5 8 
Stairway columns 3rd, & 2nd Floors \\~~ ,L /// 10.0 16 
Stairvvay coiumns 1 st Floor ~~;0 './ 7.5 8 
Stairvvay beams 3rd,2nd, & 1 st Floo ®iRI /ílH tlf'T 9.0 12 
Stairway beams 3rd ,2nd, & 1 st Floor~ ""JI!"': "" 7.5 12 

" --·' }' li.. 

Design of Members for the Elevai or Section of the Building 
Type Location (below) Length(ft) Quantity 
,-.. . -_, - - Roof í í .50 í l...:JIIU~I 

Girder Roof 7.00 4 
Girder Roof 6.75 2 
Girder 3rd, 2nd, & 1 st Floors 7.00 12 
Girder 3rd, 2nd, & 1 st Floors 6.75 6 
Elevator waIting a rea Roof 10.5 1 
Elevator waiting area 3rd, & 2nd Floors 10.0 3 
Elevator waiting area 1 st Floor 7.5 1 
Elevator shaft columns Roof 10.5 4 
Elevator shaft columns 3rd, & 2nd Floors 10.00 8 
Elevator shaft columns 1 st Floor 7.50 4 

5-24 
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Co/umn and Girder Properties for the Prelín1inary 
Steel Frame Con1p uter Ané lys is 
on the N-S side of Instituto Hall 

- ----
AII steel members are A36 ; Fy=36 ks i; Modulus of elastici ty (E)= 29,000 ,ksr ' ·, 

-
AII section properties we re obtained from the LRFD tables /< ¡,_" \ 1 1 \ \,,, 

f' 

Ali mem bers, loads, and forces were calcul ted in append ix D 
.,,, ..... ~· 

-!:_ ,'>\)\ 

~/01 l'1l'f,•, , 

N-S s ide Co/umns of Building 
1 

1 

1 

- -' .. UJ"1 J 1), ' 

'ES, "dt. ¡ 
1 

AX (in2
) 1 IY (in4

) 
1 

IX (in4
) Length (ft ) 1 # W Section 1 Pu (Klps) 

1 ' W 8x24 1 7.08 1 18.3 82.8 5.5 1 110.0 
1 

2 W 8x24 1 7.08 1 18.3 82.8 10.0 78.0 
3 W 8x24 1 7.08¡ 18.3 82.8 10.0 46.3 
4 W 8x24 1 7.08 1 18.3 82.8 10.5 14.6 1 

9 W 8x31 1 9.13 ! 37.1 110 5.51 197.0 
10 W8x31 1 9.131 37.1 110 10.0 1 14 1.8 1 

11 W8x31 1 9.131 37.1 11 0 10.0 86.7 
12 W8x31 1 9.131 37.1 110 10.5 31 .6 1 

17 W8x31 1 9.13 ! 37.1 110 5.5 197.0 -
18 W 8x31 i 9.131 37.1 110 10.0 141.8 
19 W8x31 ' 9.131 37.1 110 10.0 86 .7 1 

20 W8x31 1 9.131 37.1 110 10.5 31 .6 
25 W8x24 1 7.08 1 18.3 82.8 5.5 110.0 
26 W8x24 1 7.08 j 18.31 82.8 10.0 78 .0 
27 ' W8x24 1 7.08 ! 18.3 82.8 10.0 46.3 

1 ' 
28 ! W8x24 7.08 i 18.3 82.8 10.5 j 14.6 

1 ' 1 
1 

N-S side Girders of Building ! 1 

... 
(Wu 1 2/12) 

' W Sect ion : AX (i n2
) 1 IX (in4

) 1 Length (ft) # 1 Wu (k/ ft) Mz (k-ft) 
1 

5 1 W 18x40 11 .8¡ 612 1 26.5 1.311 76.7 1 

6 W 21 x68 1 20.0 ¡ 1480 26.5 2.66 155.7 
7 W 21x68 20.01 1480 26.5 2.66 1 155.7 
8 1 

W2 1x68 
1 

20.01 14801 26.5 2.66 155.7 
13 1 W 18x40 1 11 .81 612 35.5 1.31 137.6 
14 W 21x68 20.01 14801 35.5 2.66 1 279.4 
15 W 21x68 20.0 ! 1480 35.5 2.66 279.4 
16 W 21x68 20.01 1480 35.5 2.66 279 .4 
21 W 18x40 11 .81 612 26.5 1.31 76.7 
22 

1 

W2 1x68 1 20.01 1480 26.5 2.66 155.7 
23 W 21x68 20.0 ! 1480 26.5 2.66 155.7 
24 W 21x68 1 20.0 1 1480, 26.5 2.66 155.7 

1 Note: Wu =1 .2 D +1 .G L 1 
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Joint Data for the Stee/ Frame 
Computer Analysís on the N-S síde 

of lnstitute Hall 

Joint ¡ X-cor.0--.cor. 1 Y-cor. 1Y-co~ 1-PLJ_ _ ,Wi~d ~~ ~~ E~~h~~a~e Fx (k) I (+) ~oment1J -) M~f!l_ent l Net Mo_m_ent 
# (ft) 1 (in) {ft) (in) (k) Per Frame I Per Frame Mz (ft-k) Mz (ft-k) Mz (ft-k) 

_ 1 _ º.:._º~ ~.:...ºH~:..º -º~º¡_ 1----- - -¡------ ---- -- ---¡·--- -·r· -- .. · p· -2 O.O O.O 5.5 66.0 108.9 1 3.0 2.0 O.O 155.7 -155.7 
__ 3___ -o_-0 --0:0 - 15.5- 1as.o --1ia¡-- ---fa ·--- ---- - 4~1 o.6 ___ 1 55~i -155.7 
----· --·- - - - --- -- -- --·----- -- -------- 1--- -· - - -

4 O.O O.O 25 .5 306.0 46.3 3.9 6.7 O.O 155.7 -155.7 
-·---- -- - - --- - --·-------- -- --- --- - - --!---- --

Ei o.o o.o 36.o 432.o 13.51-__ 2.o __ 1.0 o.o __ 76.7 -76.7 
--t- - -- - - ----- - ---·· ,--- - - ·-e; 26 .5 31a.o 36.o 432.o 3o.s o.o o.o 76.7 __ 137.6 -G0.9 
- --+--- - - - ·- - - --- - - - ---- ---·-- - t--------· +--- --- -

7' 26.5 318.0 25.5 306.0 86.1 o.o -- o.o 155.7 279.4 -123.7 
--1---------------·- -- --- -- ---- -- - ------ --- -
8 26.5 31a.o 15.5 186.o 141.2 ___ o.o o.o 155.7• __ 279.4 -123.7 

- - -· - - - - --- - - - ,----- 1----- ·-·-
9 26.5 318.0 5.5 66.0 196.3 o.o o.o 155.7 279.4 -123.7 

--- --- ---- --- - --- - - ---
10 26.5 318.0 O.O O.O _ 
- - - - -- - - -- - -

_ 1~1_ 6~.:..º 744.o o.o ___ o.o __ _ _ <-0 ::?>- _ _ ___ . _ _ __ 
- ~-2 6_2..:_0 ~~-~-º _5_~~- 6~---º-~ 19~.'....~ º.:...~- H/~ ~-,~hl º~º 279_.4 ____ 155!§ 23.7 

13 62. O 7 44._0 1 5 :!i_ 186:_0 ___! 41.2 O. O V,'y,_"",,,.:,'.)i) O. O 2 79 .4 155. 7 123: 7 
14 _ _ 62 .Q 744.Q 25.5 306.Q 86.1 0.0 ~'PJiY 0.0 279.4 155.7 123.7 
15 62.0 - 7 44~0 - 36.0 432.-0 f-30:s o.ó B/BLID1tc11 FICT º~º 1-3f 6 ---75) 1----- 60~9 

- 16 8~~~~2.0 _j6~0 - 432.0 -- 13~5 o.o _ ESPOL ó.o 7~]---(o ___ 16:1 

17 88.5 1062.0 25 .5 306.0 46.3 O.O O.O 155.7 O.O 155.7 
---- - -- --· - - 1- - ~ - - - - -·· -- -

18 88.5 1os2.o 15_5 : 186.o 77.8 o.o o.o 155.7 o.o,_ _ _ 155.7 
- ·-r------ ---- - - - - - --

_ 19_>---'8~ 5 '!_~62.:_0 5~6.0 _!~_8.9 O.O O.O 155.7 O.~ 1~~-7 
20 88.5 1062.0 o.o¡ o.o 
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Column and Girder PropeJties 
for the Preliminary Steel Fram e Cornputer Analysis 

on the E-W side of lnstitu te Hall 

AII steel mem bers are A36; Fy=36 ksi; Modulus of elasticity (E)= 29,000 1 s i 
-- ---- ----- --- ---- ----- -
A II section properties were obtained from the LRFD ta bles 

A II members, loads, and forces were calculated in appendix D 

E-W side Columns of Building 1 

I . 
1 

# 
1 

W Section ' AX (in 2
) 1 IY (in4

) 1 IX (in4
) Length (ft) ! Pu (l{ips ) 1 1 

1 ! W8x24 1 7.08 1 18.3 ! 82. 81 5.5 , 11 O. O --
82.8 ! 2 1 W8x24 ! 7.08 ¡ 18.3 : 10.0 · 78.0 

3 i W8x24 1 7.08 1 18.3 ! 82 .8 10.0 1 46.3 
4 1 W8x24 7.08 I 18.3 I 82.8 10.5 1 14.6 
9 W8x24 1 7.08 , 18.3 f 82 .8 5.5 1 142.0 
10 W8x24 1 1.08 ! 18.3 1 82 .81 10.0 ¡ 100.7 
11 1 W8x24 1 7.08 1 18.3 1 82.8 ! 10.0 60.6 
12 1 W8x24 1 7.08 ¡ 18.3 1 82.8 10.5 18.4 
17 ! W8x24 1.08 I 18.31 82 .8 5.5 142.0 1 
18 i W8x24 ' 7.08 i 18.3 ¡ 82 .8 10.0 100.7 
19 

' 
W8x24 i 7.08 1 18.31 82.81 10.0 60.6 

20 1 W8x24 ' 7.08 1 18.3 82.8 10.5 i 18.4 

25 
1 W8x24 7.08 1 18.3 82.8 5.5 110 O ! ' 

26 W8x24 1 7.08 1 18.3 1 82.8 10.0 ¡ 78 .0 
27 W8x24 i 7.08 1 18.31 8281 10.0 1 46.3 

28 W8x24 7.08 1 18.3 i 10.51 14.6 
¡ 

i 1 1 

82.8 

1 

E-W side Girders of Building 1 
1 1 

(Wu 1 2/1 2) 

! AX (in2
) 

' 
IX (in4

) ! Length (ft) 1 
1 

# W Section ' Wu (k/ft) Mz (k-ft) ' 1 

5 1 W 18x40 1 11 .8 1 612 ¡ 20.5 ¡ 1.31 45.9 1 
6 1 W 21x68 ¡ 20.0 1 1480 1 20.51 2.66 93.2 

1 

7 1 W 21x68 ' 20.0 : 1480 1 20.5 1 2.66 93.2 1 
8 ! W21x68 1 20.0 1 1480 1 20.51 2 .66 1 93.2 1 

13 ' W 18x40 i 11.8 1 612 1 6.0 1.31 3.9 
14 1 W21x68 : 20.ot 1480 6.0 2.66 8.0 1 1 

15 ¡ W 21x68 1 20.0 1 1480 6 .0 .j¡¡, 2.66 8.0 1 - · -~ 16 W21x68 ¡ 20.0 1 
1480 6 .0 8.0 

21 W 18x40 i 11.81 612 1 20.5 
A~ 

1..._31 ~ 45.9 

22 W 21x68 1 20.0 1 1480 20.5 /~ ¡.• ~-6'6 93.2 ,/ 

23 W 21x68 1 20.0 1 1480 20.5 f~/¡r,'' ,2..6-61 93.2 
24 1 W 21x68 1 20.0 1 1480 20.5 '{{ l 1, 2}6:qJ 93.2 

1 Note: Wu ==1 2 D ~ \6 L - , / ·• 1 1 

\.~ /1"~ ,. ., . ,1 •';\..f., 
-~ 

- - - - --- - -· ------------· -
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Joint Data for the Stee/ Frame 
Computer Analysis on the E-W side 

of lnstitute Hall 

Joint ¡X-cor. ¡ X-cor. ¡ Y-~or. l Y-e~~ 
# (ft) (in) (ft) (in) 

e-~~ -1_y'v~_? ~x_(_!<~1 ~~rthq~ake Fx (k) (+L Mo_~e~~ -) Moment l Net Mo~~~!_ 
(kips) Per Frame , Per Frame Mz (ft-k) Mz (ft-k) Mz (ft-k) 

1 O.O O.O o.o¡ o.o 1 - ----------- - - ----- ---------- - - - -f---- - - - -
2 O.O O.O 5.5 66.0 108.9 6.9 2.4 O.O 93.2 -93.2 

---·-· 1--- - - - - -- --- --- -- ---- -- - -- -
3 O.O o.o 15.5 186.0 77.8 8.9 5.0 O.O 93.2 -93.2 

~- - --·--- ----- -· --· - - - - --

4 O.O o.o 25.5 306.0 46.3 9.2 8.2 O.O 93 .2 -93.2 
---- - -- - - ---- - - -- - ----- - -- - - - ·- --

5 O.O o.o 36.0 432.0 13.5 4.7 8.6 O.O 45.9 -45.9 
--- --·- 1--- - - -- ---.---- -•• -- e----- -- - - -- -- - -

6 20.5 246.0 36.0 432.0 17.3 o.o o.o 45.9 3.9 42.0 
- ·- - -- ----- - - -·- - e-- -- ----- - - - -

7 20.5 246.0 25.5 306.0 58.5 o.o o.o 93.2 8.0 85.2 
- ----- ---- -- - - ---- -- r--- - - -- - -

8 20.5 246.0 15.5 186.0 100.1 o.o o.o 93.2 8.0 85.2 
- ----- ~-- -- - - ----~ -- - -- - --- -

9 20.5 246.0 5.5 66.0 141.3 o.o o.o 93 .2 8.0 85. 2 
----- ·->---· --- ---· ---------

10 20.5 246.0 O.O o.o 
,----- ____ ~-- - -----

11 26.5 318.0 O.O o.o 
- - --- - ---- - - --· 

12 26.5 318.0 5.5 66.0 141.3 o.o o.o 8.0 93.2 . -85.2 
---- ------~- - ---- - - --- -

13 26.5 318.0 15.5 186 .. 0 100.1 o.o --- o.o 8.0 93.2 -85.2 
- -- - -- -- - -- - -

✓r -- .,.)-_ 14 26.5 318.0 25.5 306.0 58.5 o.o //fr , .... ., o.o 8.0 93 .2 -85 .2 
- ------ ...--- --- --- --- -

\~,~~-: '~•.J)_~, 
----- -

15 26.5 318.0 36.0 432.0 17.3 o.o o.o 3.9 45.9 -42.0 -
---- - ------- - ··-- -

16 47 .0 564.0 36.0 432.0 13.5 o.o \~~;--.~ 7 o.o 45.9 O.O 45.9 "'-'.:.._!'i·p') .. 
--- -- - ~ . -----· - ---

17 47.0 564.0 25.5 306.0 46.3 o.o 8,cJ:/IIJL,· e,,, o.o 93.2 O.O 93.2 
- ·- - ---- - -- -- - -- - - - - -

18 47.0 564.0 15.5 186.0 77.8 o.o --··, u .. i o.o 93.2 O.O 93.2 
- -- -- -·--- - --- - - - - - E~ >n~ - .. 

19 47.0 564.0 5.5 66.0 108.9 o.o ..... o.o 93.2 O.O 93. 2 
-- - -- - ---- - - -- ---· -- ¡ ------ - - -

20 47.0 564.0 O.O o.o 1 
1 
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5.5.5 Deflection Check for ti1e Steel Frame 

The data in the previous section (5.5.4) was entered into FRAME. The 

program output gives shear, moments, and deflections at each joint. In arder for 

the previous ly designed members to satisfy the computer analysis, it was 

required that the lateral deflection at the roof level be within the following limit : 

/J. max. (range) = _tl_ B _H 
400 500 

where: 

H = Height of the building 

. BIBUUltLA FICT 

To prevent any unnacce~ a~ e flections, we chose the lower limit : 

_H__ = (36' x 12") =I 0.864 in. j 
500 500 

After running the computer ana lysis for wind and earthquake forces on 

both the N-S and E-W sides, we founcl that earthquake govemed with maximum 

deflections of 20
: 

/J. N-S = 1.027 in. 

/J. E-W =1.671 in. 

Both were greater than /J. max. = 0.864 in. Therefore we checked the 

calculations and saw that the problem was the W 8x24 columns designed for the 

comer columns since they were only designed for D.L and L.L, but they were 

critica! since they are comer columns directly exposed to wind and earthquake 

2° For a printout of the computer analysis for the Steel Frame see Appendix F. 
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fo·rces. To salve the problem we increased the lx (moment of inertia) of these 

columns to a W 1 0x45 , which was the W section designed for the interior 

cólumns. Doing this, not only solved the ti (deflection) problern, but also 

standardized ali columns to a W 1 0x45. 

After running the computer analysis far earthquake on the N-S and 

E-W sides of the building using the new W 10x45 members for comer a.nd edge 

columns, we found the following maximum deflections: 

ti N-S = 0.525 in. 

ti E-W = 0.748 in. 

Both were less than ti max. = 0.864 in. Therefore, the designed 

structural members making up the frame were acceptable for deflection. 

Following is the data, presented in tabular form, which was needed for the 

deflection correction of columns: 



1 

1 

1 

1 

Column and Girder Properties to Correct 
the Deflec tion for the Stee/ Frame · 

on the N-S side of lnstítute Hall 

A II s teel m em bers are A36; Fy==36 ksi; Modulus of elasticity (E)= 29,000 ksi 
---- -------- ----- ·--

A li sect ion properties were obtained from the LRFD tables 

A li m embers, loads, and forces were calculated in appendix D 
.. 

N-S side Co/umns of Building 1 ¡ 

1 W Sect ion ! AX (in2
) 

1 

IY (in4
) 

1 
IX (in4

) "Length (ft ) 1 # 1 Pu (Kips) 

1 W 10x45 13.3 ¡ 53.4 248 1 5.5 110.0 
2 W 10x45 1 13.31 53.4 248 10.0 78.0 1 

3 W 10x45 ' 13.31 53.4 248 10.0 46.3 1 

4 W 10x45 
1 

13.31 53.4 1 248 10.5 14.6 
9 W 10x45 13.31 53.4 / 248 5.5 197.0 
10 1 W 10x45 ' 13.3¡ 53.4 248 10.0 141.8 ' 
11 1 W 10x45 1 13.31 53.4 248 10.0 86.7 
12 1 W 10x45 1 13.3 '. 53.4 248 10.5 31.6 
17 W 10x45 1 13.3 ! 53.4 248 --- 5.5 197.0 
18 1 W 10x45 

1 13.31 53.4 248 {,••:---:..:.__;~ 10 O ·/•/ .. ' . 141 .8 
19 W 10x45 1 13.3 [ 53.4 1 248 :·( ;~e~; ) ~O.O 86.7 
20 W 10x45 1 13.31 53.4 1 248 -,\ .er ..J 1.-;10.5 31 .6 
25 

1 
W 10x45 13.3 i 53.4 1 248 1 ~P_O•;/ 5.5 110.0 

26 1 W 10x45 l 13.3 ! 53.4 1 24§ P.1 iilHl'n nr10-º 78.0 
27 W 10x45 1 13.31 . 53.4 1 248 :eo-n-.:11 -io.o 46.3 
28 W 10x45 1 13.31 ó:3.4 ¡ 248 --· --10.5 1 14.6 

' ! 1 
1 ! 1 

N-S side Girders of Building : 1 1 
(Wu 1 2/12) 

# W Section 1 AX (in2
) 1 IX (:n4

) ! Length (ft) Wu (k/ft) 1 
Mz (k-ft) 

5 1 W 18x40 1 11.8 ¡ 612 ¡ 26.5 1.31 1 76.7 
6 1 \"l 'l • , , CO 

1 20.0 ! 14801 26.5 2.66 ¡ ·í55.7 1 V V L IAVU 

7 W21x68 1 20.0 1 1480 26.5 2.66 155.7 

8 W21x68 ¡ 20.0¡ 1480 26.5 2.66 155.7 
13 W 18x40 1 11 .8 ! 612 35.5 1.31 137.6 
14 W21x68 1 20.01 1480 35.5 2.66 1 279.4 
í5 Vv 2ix68 1 20.0 ¡ 14801 35.5 2.66 279.4 
16 W21x68 l 20.0 1 1480 35.5 2.66 279.4 
21 W 18x40 1 11 .81 612 26.5 1.31 76.7 
22 

1 

W21x68 
1 

20.01 1480 26.5 2.66 155.7 
23 W21x68 1 20.01 1480 26.5 2.66 155.7 
24 1 W21 x68 1 20.0 1 14801 26.5 2.66 155.7 1 

1 - Note: Wu =1.2 D +1 .6 L 1 
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Colurnn and Girder Properties to Correct 
the Deflection for the Steel Frame 

on the E-W side of lnstitute Hall 

AII steel members are A36; Fy=36 ksi; Modulus of elast icity (E)= 29,000 ksi 
------

AII section properties were obtained from the LRFD tables 

AII members, loads, and forces were calculated in appendix D 

E-W side Co/umns of Building 1 

1 Length (ft) 1 # 1 W Section , AX (in 2
) 1 IY (in4

) 1 IX (in4
) Pu (Kips) 

1 W 10x45 ! 13.31 53.4 ¡ 248 1 5.5 ¡ 110.0 
2 W 10x45 1 13.3 53.4 248 10.01 78.0 
3 W 10x45 ¡ 13.31 53.4 248 10.0 46.3 
4 W 10x45 1 13.31 53.4 248 10.5 14.6 
9 1 W 10x45 ' 13.3 53.4 248 5.5 142.0 
10 W 10x45 1 13.3 53.4 248 10.0 100.7 1 

11 W 10x45 13.31 53.4 248 /~--:-:--.:~to.o 60.6 
12 W 10x45 1 13.3 53.4 248 f.'I 10 '& ,,,.~í ,, .,._ . 18.4 
17 W 10x45 1 13.3 53.4 248 ,~\{.-1' ~q'.~ 142.0 
18 W 10x45 1 13.3 53.4 248 '-~> < Tt t0'.'0 100.7 
19 1 W 10x45 13.31 53.4 248 

~ - ,. 
10.Q 60.6 

20 1 W 10x45 1 13.3 / 53.4 248 lllti U U I t l4l{j"Js, 18.4 1 

25 l W 10x45 13.3 / 53.4 248 ESl'l5~5 110.0 
26 ! W 10x45 1 13.31 53.4 248 10.0 78.0 
27 W 10x45 1 13.31 53.4 248 10.0 46.3 
28 1 W 10x45 13.31 53.4 248 10.5 j 14.6 1 

1 
1 
1 

E-W side Girders of Building ! 1 (Wu 1 2/12) 

AX (in 2
) 

1 

IX (in4
) 1 Length (ft) 1 # W Section 1 1 Wu (k/ft) fü'lz (k-ft) 

5 W 18x40 1 11 .81 612 1 20.51 1.31 1 45.9 1 

6 W 21x68 1 20.01 1480 ° 20.5 2.66 1 93.2 
7 W21x68 1 20.0 1480 20.5 2.66 93.2 
8 W 21x68 1 20.0 1 1480 20.5 2.66 ¡ 93 .2 
13 W 18x40 1 11 .8 612 6.0 1.31 3.9 
14 W 21x68 1 20.0 1480 6.0 2.66 8.0 
15 W 21x68 ¡ 20.0 1480 6.0 2.66 8.0 
16 W 21x68 1 20.0 1480 6.0 2.66 8.0 
21 W 18x40 1 11 .8 612 20.5 1.31 45.9 

22 W 21x68 1 20.0 1480 20.5 2.66 93.2 ' 
23 W21x68 1 20.0 1480 20.5 2.66 93.2 1 

24 W21x68 1 20.0 1480 20.51 2.66 93.2 

1 Note: Wu =1.2 D +1.6 L 1 

-- - -:=;a: ------~-
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5.6 Final Check fo r Columns using ihe lnterac f.ion Equation 

Since we had designed our columns based only on axial load ing Pu, we 

had to check them far the Mu, composed of the superimposed moments M,t + M nt 

obtained from the computer analysis 21
. 

To perform this check, we took the most critica! c3se which was: 

using the largest concentrated load @basement leve! far the interior columns. 

This Pu= 287 k. 

We faund that the most critica! moment far basement columns from the 

computer analysis was 393 in-k. 

From Chapter H in the LRFD, 

BiBUOH .. A FICT 
if Py__ 2 0.2 then use: Py___ + .8... ((Muxf <J>bMnx)+ (Muxf <J>bMnx)) ESPOL 

<j> Pn <j> P0 9 
which must be less than or equal to 1.0. 

After performing the calcu lations required (see appendix d), we found that 

the W1 0x45 was not acceptable: 

.e_u _ was : 0.67 2 0.2; but the value far the interaction equation 
<j>P0 was1.55 >1.0 

lncreasing the member to a W 10x68 solved the problem. Checking 
this member for the intera,::tion equation gave usa .92 less than •¡ .O. 
Therefore, a W 10x68 is the final member for ali columns. 

Following is the data in tabular form needed to perform the computer 

analysis for this new member: 

21 For a printout of the computer analysis for the steel frame see appendix F. 

~ ~- --
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Co/umn and Girder Properties to Correct for 
the lnterac tion Equation on the Steel Fram e 

AII stcel members are A36; Fy=36 ksi; Modulus of elasticity (E)= 29,000 ks i 
--- -----. --------

AII sect ion properties were obtained from the LRFD tables 
------------ ---
AII members, loads, and forces were calculated in appendix D 

E-W s ide Co lumns of Building 
1 1 

# ! W Section 1 AX (in2
) 1 IY (in4

) 1 IX (in4
) i · Length (ft) 1 Pu (Kips) 1 

1 

1 W 10x68 ! 20.0 ¡ 134 ! 394 1 5.5 11 O.O 
2 W 10x68 1 20.0 1 134 1 394 10.0 78.0 1 

3 W 10x68 1 20.0 j 134 1 394 10.0 46.3 
4 1 W 10x68 20.0 1 134 1 394 10.5 14.6 
9 1 W 10x68 1 20.0 1 134 1 394 5.5 142.0 
10 1 W 10x68 1 20.0 134 1 394 1 10.0 1 100.7 

11 i W 10x68 20.0 1 134 394 /j,~~ ':l.{:J. O 1 

4,/ ... -
60.6 

12 1 W 10x68 20.0 ¡ 134 394 {:( .1;- ~'"ftó.5 18.4 1 

17 1 W 10x68 20.0 1 134 394 v~:J,/4f 5 142.0 
18 W 10x68 ! 20.0 134 1 394 '--t§!'. 0Y í0.0 100.7 

19 1 W 10x68 1 20.0 134 394 RIP.1 lnn ,\ ~,9,0 60.6 

20 W 10x68 1 20.0 i 134 394 -~--"!0 '.5 18.4 

25 1 W 10x68 1 20.0 134 394 --r u1.5_5 110.0 

26 W 10x68 ' 20.0 : 134 394 10.0 78.0 
' 

27 1 W 10x68 20.0 134 , 394 10.0 46.3 

28 j W 10x68 20.0 ¡ 134 394 10.5 1 14.6 1 ' 
l 1 1 ! 1 1 1 

E-W side Girders of Building i 
1 1 

(Wu 1 2/12) 

! 
1 

AX (in2
) 

i 
IX (in4

) 1 Length (ft) 1 Wu (k/ft) 1 Mz (k -ft) # W Section 1 1 
1 

5 1 W 18x40 1 11 .8 ¡ 612 20.5 1.31 45. 9 

6 W21 x68 1 20.0 1480 20.5 2.66 93.2 

7 W 21x68 1 20.0 1480 20.5 2 .66 93.2 

8 W 21x68 20.0 1480 20.5 2.66 93.2 

13 W 18x40 11 .8 1 612 6 .0 1.31 3.9 

14 W 21x68 20.0 1480 6 .0 2.66 8.0 
15 . W 21x68 20.0 1480 6 .0 2.66 8.0 

16 W 21x68 20.0 1480 6.0 2.66 8.0 

21 1 W 18x40 1 11.8 1 612 20.5 1.31 45.9 

22 ¡ W21x68 1 20.0 1 1480 20.5 2.66 93.2 

23 W 21x68 1 20.0 1480 20.5 2.66 93.2 
24 1 

W 21x68 : 20.0 1 1480 20.5 2.66 93.2 

1 Note: Wu =t .2 D +1 .6 L 1 
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5. 7 Design of Basement's F/00?2 

The basement slab as given in the general specifications on lnstitute Hall 

was designed to carry a 100 psf live load for social a reas or other recreational 

facilit ies. This was done in accordance to the Massachusetts State Code 1990. 

According to the WPI General Specifications on lnstitute Hall 

"Slabs on ground shall be placed on a mínimum 6" layer of 95% 
compacted gravel and placed in alternate panels not exceeding 1000 tt2. 

They shall be reinforced with mínimum 6" x 6" -w2.9 x w2.9 welded wire 
fabric, lapped 12" on sides and ends." 

According to the Massachusetts Code 1990 (section 1509) 

"The minimum slab thickness for a slab is 3.5". However, since we are 
designing a slab fo r a college dormitory, the live load acting on it is 100 psf 
(social areas). Therefore, to be safe this slab was desigried to be 6.0" thick, like 
the slab designed for the corridor areas . 

An approved vapor barrier with joints lapped not less than 6" shall be 
placed between one base course and the concrete slab." 

5.8 Design of Foundations 

The foundations for the steel trame were designed by using the Mass 

Code ·1990 and Peck, Hanson, and Thornburn's, Foundation Engineering. 23 

22 s~e design of basement's slab in appendix D . 
. 

23 PL'Ck, Hanson, and Thornburn. Foundation Engineering, New York: John Wiley and Sons, lnc, 
197 4 edition. 

--- -- - -
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5.8.1 General /n formation for Foundations 

From r.~ass Code 1990 

SECTION 1205. 1 Frost Protection 

"AII permarient supports of buildings and structures shall extend a 
minimum of tour (4) feet below finished grade except when erected upon sound 
bedrock ... " 

SECTION 1206. 1 Footing Design 

"The !oads to be used in computing the pressure upon bearing materials 
directly underlying foundations shall be the live and dead loads of the stru~ . 
as specified in section 1115.0, including the weight of the foundations and any 
immediately overlying material. .. " 

SECTION 1206. 2 Pressure due to Lateral Loads 

"Where the pressure on the bearing material dueto wind or any other 
lateral loads is less than one-th ird (1/3) of that due to dead and live loads, it may 
be neglected for the foundations design ... " 

In the case of lnstitute Haii, wind and earthquake loads are less than 1/3 
dead load plus live loads. 

SECTION 1209. O Concrete Footings 

"In plain concrete footings , the edge thickness shall be not less than 8 
jnch~ for footings on soil .. . " 

TABLE 1201 on 
(Allowable bearing pressure far foundation materials) 

For type of soil @ Worcester, MA. 

Material C/ass 

7 

Description 

Grave!, widely graded sand 
& grave! ; & abrasion till 

Consistency Max. allowable 

Dense­
Medium 

Net bearina 
Pressure (to,:;sltf) 

6 

. ---~------------- --- ~ ---- - -- - ----- -- - - ----
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~ndations Enginec rin_g", 197 4 cdition. 

Pg.265 

"As a general rule, a factor of Safety of 3 should be provided against the 
loads specified by the building code. lt should not be less than 2 even if the type 
of soil and maximum loads are known exceptionally well." 

Note: Since we did not know the type of soil fo r lnstitute Hall exceptionally well, 
we used a factor of safety of 3. 

Pg.114, Table5.3 

For a till, grave!, or sandy type of soil with a medium to dense relative 
density, the range of number of blows (N) per foot for the penetration test is 
30-50. 

Asan average value, we used N=40. 

Pg. 309 

In order to follow Peck, Hanson, and Thornburn's design method for 
footings we used Terzaghi 's figure 19.3 pg .309. This figure is a chart 
proportioning sha llow footings . lt was designed taking a maximum val.ue 
settlement of 1", 

5.8.2 Design of Footings24 

Ali footings must have: 

,, 

... ~' 

BiBUUll:CA flCT 
ESPO 

4 feet or more below finished grade (footing depth for Massachusetts) 
Thickness 2'.. 8 inches 
P u's x 3 safety factor 
Average number of blows N=40 
Max. differential settlement = 1" 

The first step in the footing design was to obtain the Pu's from each 

particular type of column and multip!y them by the S.F of 3. 

,,Next, we assumed a reasonable footing width b for the particular 

24 Foundation calculations far the Steel Frame are in Appendix D. 



load acting on it and fi nd the ratio Dt 
b 
where: 

5-38 

Dr = Depth of footing from ground leve! 

Using Terzaghi 's chart in figure 19.3, pg.309 on Peck, Hanson, and 

Thornburn 's "Foundation Engineering", we entered this ratio and N=40 to obtain 

the Q a ll · (allowable bearing strength) . 

Then this Q all· , 4.4 TSF (tons per square foot) in aur case, was compared 

with the Q act , which is calculated as: 

Q act= P~ 
b 

lf Q ali 2': Q act, then the foundation is acceptable. 

Finally, the thickness of the foundation was estimated as .b. 
4 

lf Q au is less than Q act then ane must start aver again chaasing a larger 

valuefor b until requirements were satisfied . 

After performing ali calculations (see Appendix D), the following 

footings were obtained: 

Location Type of foundation 

11h 
Fo, vu,, ,e::, vulu, 1111;:, A plain concíete footing w/ a 6.5' x 6.5¡:::i' ~ -:;:¡_t¡; 

thickness = 1.6' 

Far N-S edge calumns A plain concrete footing w/ a 8.5' x 8.5' base, 
thickness = 2.0' 

For E-W edge columns A plain concrete combined foating w/ a 1 O' x 1 O 
base, thickness = 2.5' 

Far Interior columns A plain concrete cambined footing w/ a 14'x14' 
base, thickness =3 .5' 

" 



5.9 Summary of Final & Complete Steel Design 

The following tab les summarize all the final members and construction 

materials developed during the steel structural design of lnstit ,te Hall : 

.. 
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Construction fil!af'erials for the Steel Design of Institutc Hall 5-40 

Section 
1 
Building Materia/s Description --- -----· - . 

1 
1 

ROOF 
!concrete Slab ! 3.5" thick, reinforced w /66-44 Mesh 

; (rolled in the direction of deck span·) 

: Corrugated Steel Deck 11.5" ~epth , lnverted "B" deck, galv. 
16 Gauge, span:16.5', Width:6.75' 
5/8" puddle welds spaced approx. 
12" on center. 

3 ply felt & gravel 'For insulation & to protect slab from rain 

ROOMS AREA 1 

(floors1 ,2,3) 1 
Concrete Slab ¡4.0" thick, reinforced w /66-44 Mesh 

! (rolled in the direction of deck span) 

• Corrugated Steel Oeck ! 1.5" depth, lnverted "B" deck, galv. 
116 Gauge, span:16.5', width:6.75' ,, 

'+/ 5/8" puddle welds spaced approx. / 

12" on center. " 1 \ 

1 
---,--- -. ~ 1 I 

t ,;,· l 
~ 

CORRIDORS AREA i 

!4.5" thick, reinforced w /44-44 Mesh B:JL/Uff¡ ~ (floors 1,2,3) · Concrete Slab ---
1 

1 (rolled in the direction of deck span) c;;J r ) 

1 

·corrugated Steel Deck 1.5" depth, lnverted "B" deck, gaiv. 
16 Gauge, span:16.5', width :6.0' 

5/8" puddle welds spaced approx. 
12" on center. 

ELEVATORS ~ Concrete Slab 4.5" thick, reinforced w /44-44 Mesh 

WAITING AREA ' · (rolled in the direction of deck span) 1 

! 

; Corrugated Steel Deck 1.5" depth, lnverted "B" deck, galv. 
1 16 Gauge, span:7', width :3.75' 

- 5/8" puddle welds spaced approx. 
-

12" on center. 

., 

'\\ :1 

# 
fICT 
L 



Construction Materials for t í/ e Steel Design of lnstitute Hall 5-4 1 

BASErJiENT Concrete Slab '6.0" thick, reinforced w/ 6" x 6"-w2.9 x w2.9 
- - ---

welded wire fabric, lapped 12" on ends. 

Vapor Barrier lapped not less than 6" 

Compacted Grave! 6" 95 % compacted gravel 

EXTERIOR ¡ Concrete Blocks ! 8" Hollow concrete block w/ heavy aggregate 

CORRIDOR & 
ELEVA TOR BOX · 
WALLS 

1 

FOUNDATIONS : For corners and A plain concrete footing w/ a 6.5' x 6.5' base, 
1 

(all bases reinforced 1 elevator waiting a rea th ickness = 1.6"; and with a 20" x 20" & 2.4' 
w/ 6"x6"-w2.9xw2.9 lcolumns deep vertical section supporting the column. 
welded wire f abric 1 

lapped 12" on ends) : For N-S intermediate ·A plain concrete footing w/ a 8.5' x 8.5' base, 
,columns thickness = 2.0'; and with a 20" x 20" & 2.0' 

deep vertical section supporting the column . 

: For E-W edge/corridor !A plain concrete combined footing w/ a 
¡columns 10' x 10' base, thickness = 2.5'; and with two 

20" x 20" & 1.5' deep vertical sections 

'. 
supporting the columns. 

'i V~•;~;\ 
\~JJif' i} ,} For interior columns A plain concrete combined footing wí a 
,.,.,,,._-~:y 

•• ~!; , ... 14' x 14' base, thickness = 3.5'; and with two 

D!DI 1nnr11 W'T 20" x 20" & 1.5' deep vertical sections 
- _,...,.,;,~..,, I IUI 

supporting the columns. --- ..... -~ . .... _.. _ .... 

For Stairways columns A plain concrete combined footing w/ a 
9.5' x 9.5' base, thickness = 2.5'; supporting 
all four stairway columns. 

For Elevator shaft columns A plain concrete combined footing w/ a 
- ¡9.5' x 9.5' base, thickness = 2.5'; supporting 

all four elevator shaft columns. 



Summary of Final 11/lcmbers far the Stecl Design of lnstitutc Hall 5-42 

Design of IV:embers for the Main Section of the Building 
Member Type Location Length(ft) Quantity 
W 18x40 Girder Roof 35.5 4 
W 18x40 Girder Roof 26.5 8 
W 16x40 Girder Roof 20.5 8 
W 18x40 Girder Roof 6.0 4 
W 21x68 Girder 3rd, 2nd, & 1 st Floors 35 .5 12 
W21x68 Girder 3rd, 2nd, & 1 st Floors 26.5 24 
W21x68 Girder 3rd, 2nd, & 1 st Floors 20.5 24 
W21x68 Girder 3rd, 2nd, & 1 st Floors 6.0 12 
W 10x22 Beam Roof, 3rd, 2nd, & 1 st Floors 20.5 56 
W 6x9 Beam Roof, 3rd , 2nd, & 1 st Floors 6.0 28 
W 10x68 Interior column Roof 10.5 4 
W 10x68 Interior column 3rd, & 2nd f- loors 10.0 8 
W 10x68 Interior column 1 st Floor ., 7.5 4 
W 10x68 N-S columns Roof 10.5 4 
W 10x68 N-S columns 3rd, & 2nd Floors 10.0 8 --·-
W 10x68 N-S columns 1 st Floor 7.5 4 
W 10x68 E-W & Comer columns Roof - 10.5 8 
W 10x68 E-W & Comer columns 3rd, & 2nd Floors - ..... 10.0 16 

' W 10x68 E-W & Comer columns 1 st Floor 1H ~-;.. ) 7.5 8 
W 8x24 Stairway columns 3rd , & 2nd Floors '".':e,*, ~; 10.0 16 
W 8x24 Stairway columns 1 st Floor ... 7.5 8 
W 12x14 Stairway beams 3rd,2nd, & 1 st Fl~'<Rf~lllf i:d 1 ''.T , ~9.0 12 
W 12x14 Stairway beams 3rd,2nd, & 1st Flofil~~n-, 7.5 12 --- --

Design of Mernbers for the Elevator Section of the Building 
Member Type Location (be/ow) Length(ft) Quantity 
W 18x40 Girder Roof · 11.50 1 
W 18x40 Girder Roof 7.00 4 
W 18x40 Girder Roof 6.75 2 
W21x68 Girder 3rd , 2nd, & 1 st Floors 7.00 12 
W21x68 Girder 3rd, 2nd, & 1 st Floors 6.75 6 
W 10x68 Elevator waiting area Roof 10.5 1 
W 10x68 Elevator waiting area 3rd, & 2nd Floors 10.0 3 
W 10x68 Elevator waiting a rea 1 st Floor 7.5 1 
W 8x24 Elevator shaft columns Roof 10.5 4 
W 8x24 Elevator shaft columns 3rd, & 2nd Floors 10.00 8 
W 8x24 Elevator shaft columns 1st Floor 7.50 4 



CHAPTER 6 

Reinforced Concrete Design 
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B&infgrced Concre_re. Design 

Reinforced concrete has been used in many construction projects 

throughout this century. Befare the advent of pre-cast concrete , and the ~ss
1
, 

iúl11., , 

fabrication of steel members, it was the building material and method of ch& c . 

In many designs that do not require a, "fast-track" schedule of construction, it is 

still used today. 

One reason for the use of reinforced concrete is the ease in which 

concrete structures can be built; if the design fits all of the specified codes, you 

need only pour it into your desired forms, and let it cure. This is unlike ~ 

structures , which have to be designed with pre-shaped members. Therefore 

concrete can be utilized more easily as a building material. 

While being ver; strong under compression, concrete is weaker under 

tension, and in the past this made steel a safer choice for structures undergoing 

large lateral loads, ( i.e. earthquake, wind). Today with the advent of reinforced 

concrete, in which concrete members are reinforced with steel bars of varying 

diameters, we can construct concrete buildings to withstand substantial lateral 

loading. 

The fo llowing design shows the method used in the design of the 

reinforced concrete members. The building we chose to re-design was lnstitute 

Hall, its plans and dimensions are given in Appendix E, and the floor plan is 

shown in figure 6.1 . !t is hoped that the following method will help in the 

. - ~-
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understand ing of reinforced concrete design, z nd an appreciatio_n of its 

usefulness. 

6.1. Prelirr. inaries to the Design of the Structural Members 

6-2 

The first arder of operations in the design of a structure, is to pick the type 

of structure you wish to des:gn. Far example should it be a building mad2 vvith 

columns, girders, and beams? Should it have a one way or two way slab? 

Our structure is a three story dormitory, with relatively light live loads. 

There were a number of different ways we could of designed the dormitory, after 

comparing a few different methods ( i.e., two way slab with beams, one way 

slab), 

we decided to design with a frame composed of columns, and two way s labs. 

We decided not to use beams in the design of the trame. VVe concluded 

that they would not be necessary to hold up the structure, the reason for this is 

due to the small bay sizes of the structure. As can be seen in figure 6.1, the size 

of the room bays, (area between corridors ,and walls) is not very large. The 

maximum bay area for a room is only 18.5 by 15.3 fcet which is relatively 

small, and could be held up with only columns. 

The problem with having no beams is often the absence of lateral 

support, but this is not a problem when using a two way slab. When we say two 

way slab we mean a slab reinforced in 2 directions, in the North-South, and 

East-West directions. lt is this reinforcement which allows t11e slab to withstand 

the lateral stresses. 



6-3 

How is this accompl ished? Whcn late ral loads act on A building they 

create moments in the frame. These moments cause both compressive , and 

tcns i!e forces to act on the slab; therefore something is pushing, and pulling on 

the concrete at the same time. The steel reinforcement is what deals with the 

tensile stresses, and because it is 2-way reinforcement it can deal with stresses 

coming from a number of directions. At the same time the concrete can deal with 

the compressive forces acting on it. 

Another way to lool< at it is to divide the slab into strips, see figure 6.3. 

Now consider each strip acting as a be2m, if we were to tal<e severa! reinforced 

beams, and put them together; we would have a strong member. This is exactly 

what a reinforced concret,s slab is, and because we have strips going in 2 

directions, it is like having two sets of beams. One going in the N-S direction, the 

other going in the E-W direction. Now you can begin to see the strength of this 

design , and why beams are not necessary. 

Therefore we chose to design the frame using only columns, and a 2 way 

slab. In order to decrease the chances of fracture dueto moments and shear, 

we fitted the columns with drop panels. Which are a small extension of the 

columns' thiclmess at the top and bottom. 

6.1.1. Distr!bution and L yout of Structural Members 

In order to comprehensively design the structure t11us mentioned, we must 

have a precise measurement of the size of the building, and its needed 

- - - - . 
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members. Through study of the original building plans, t11e floor plan shown in 

figure 6.1 was contrived. 

The first measurement needed, was the distance between the columns; 

because no beams are to be used, it was decided that the distance should be 

shorter than a normal beam span length. This would help reduce any damage 

due to tension or flexure strains. 

6-..\ 

A distance of 15.3 ft was picked far the span length between the columns 

in the East - West direction. The span lengths in the North South direction were 

compl icated by the existence of the buildings main corridor. We decided on 

putting a column on each side of the corridor, with a 6 foot span in between, as 

shown in figure 6.1. Each of these columns would then be 18.5 ft from the 

exterior columns. 

6.2. Roof Design 

The Method Used to design the Roof Slab is l<nown as the Direct Design 

Method. The requirements far this method are given below1 

•' 

(a) Mínimum of three consecutive spans each way- therefore OK. 

(b) Longer span/shorter span ~ 2: 20.0/17.5 < 2 - therefore OK. 

(e) Successive span lengths differ by not more than one-third of the longer 

span. Thus short span/long span ¿ .667 : 17.75/20 = .89 - therefore OK. 

(d} Columns offset up to 10% - OK. 

1 Reinforccd Concrete, Mechanics & Dcsign 
second cdition, pg58 l . 

----.. ~~~-
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(e) All loads are uniformly distributed gravity loads. Strictly speaking, the wa ll 

load is not uniformly distributed, but use DOM. 

(f) Unfactored live load not greater than three times the unfactored dead load. 

Using Table A - 24, estimate the slab thickness as U36 = 20 x 12/36 ~ 6.5 in. 

The approximate dead load = 6.5/12 x 150 + 25 = 106psf. This exceeds one­

thi rd of the live load - therefore OK. 

(g) No beams - therefore, ACI Sec. 13.6.1 .6 does not apply and it is not 

necessary to make this check. 

Therefore use the Direct Design Method . 

The first operation done in the Direct Design Method is to calculate the 

slab thickness. We start by finding the largest span betv,een columns. This is 

18.5 ft, or 222 inches, then by using the equation; 

min h: = L0 /33 

we get a slab with a thickness of 6 75 inches. 

6.2.1. Check thickness for shear: 

To check the slab far shear, first we must calculate the loads that affect it, 

for the roof this wi ll be its roofing, insulation, and suspended lighting. This 

comes to a dead load of 1 O lbs/ft2
. This must then be added to the roof dead 

load to calculate its total dead load. A slab of 6.75 inches will have a calculated 

dead load of 84.38 lbs/ft2, to this we add the roof fixture's dead load, and 

calculate a total d22d load of 94.38 lbs/ft2
. 

- --- - - -- .---- - - --- -·· -----·---~--- ·-~ 
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According to ACI equation.(9-2) the Total Factorcd Load is calculated by 

the equation: 

VVu = 1.4DL + 1.7SL 

which gives us a load of 192 psf. 

This factored load is then used to check for shear using several ACI 

equations. Along with the factored load certain constants pertaining to the 

column design must also be found; these are b0 , Be, and d. These constants are 

shown, and explained in figure 6.2. 

The first equation used shows us the amount of shear that the slab will be 

subjected to ata given column, it is; 

Vu = Wu [ ( In+ lb/ 2) x le - area column] 

This result is then compared to three other equations which give the amount of 

shear that the member can withstand at that given column. The three equations 

are 

Ve= .85 ( 2 + 4/ Be) ✓fc'b0d 

Ve= .85 ( Asd/b0 +2 ) ✓fc'b0d BIBLIOTECA FlCT 
ESPOL 

if Vu is larger than the largest of the Ve, than the slab is adequate. Far ali our 

columns, interior, and exterior, our slab is adequate. 

.. 
~ --- - - - - --- ~ --- - . 
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6.2.2. Calculation of negativa and posit ive mo 1 · ¡1ts: 

The first step in calculating the rnoments in the slab, is to break up the 

slab into strips, (see figure 6.3) . This is done by cutting the area between 

columns in half, and then cutting that area in half again. We then analyze each 

strip to find its maximum negative, and positive moments. 

6-7 

In arder to calculate the moments affecting the strip, we use the following 

equation: 

Mo = Wul 210 
2/8 

Now the basic moment is factored. This is done by multiplying Mo by three 

factors, -0.26,0.52 , and -0.70. The factored moments are then distributed 

throughout the strip; the negative moments at the strips edges , and the positive 

moments to the center. 

Each strip must now be designed far reinfarcement. The strips are drawn 

in two directions, one in the East - West, the other in the North - South direction; 

as shown in figure 6.3. In the figure only a part of the floor plan is shown, this is 

because the floor is symmetrical, and the moments calculated for these strips will 

be the same as those located elsewhere in the slab. We can interchange the 

values with other syiT1metrical strips. 

The spans between the columns are now labeled, and we may begin our 

moment calculations. Table 6.1 gives an example of the moment calculations far 

slab strip B. After the moments have been calculated, we then go about the 



Table 6.1 
Calculation of negatave and positive moments in slab B. 

81 1 82 
1 

1 8 3 
i i 

¡ 1 - . -
1 

1 

11 21 .5' 
1 

?' 21 .5' 
In 18.6' 6' 18.6' 
12 17.2' 

1 

17.2' 17.2' 
wu 0.192 '192 0.192 
mo = wul2In"218 141 .2 14.8 141 .2 
mo coefficients -0.26 0.52 -0.7 -0.65 0.35 -0.65 -0.7 0.52 

-36.7 -98.8 
-moments 73.4 -9.62 5.18 -9.62 -98.8 73.4 - . -

sum of column - . - ·-. - - -

. . . .. - - - ---•-- ... 
moments 36.7 11 11 
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process of distributing them across the slab strips, and designing the 

reinforcement. 

6.2.3. Design of Slab Reinforcement 

Ci -8 

The preliminary step in the design of the reinforcement is to check for 

deflection and calculate the necessary constants. The first constant that must be 

found is d, the distance between reinforcement. lf we assume a 1 inch diameter 

bar for a 6.75 in slab, then we come to ad of 5.94 inches (see appendix). 

Next we check the Ratio of Depth of Rectangular Stress Block for 

Balanced Failure to Effective depth, other wise known as, a/d. lf the ratio that we 

calcu late is greater than the ratio given in Table A-52
, then we must re-check our 

design. 

We begin by finding the maximum moment that our slab undergoes. 

Assuming j to equal .925, we use the following equation: 

A 5 (req'd) = M0 / .9 X fy X j X d 

Now we compute a, and a/d, a is found by 

a = As f y / .85 f e b 

which comes out to be .18 Divid;ílg a by d we get .05. Using these results to 

look up values for p, and .75pb in Table A-5 of the reinforced concrete text, we 

find .75 Pb =.437. 

This is less than the a/d we calculated, so we may continue with our design. 

2 Reinforced Concrete, Mechanics and Design 
2nd Ed ition, pf 799 



FI RST INTERIOR ; EDGE COLUMN 

NEGATIVE MOMENTS !STRIP 

B4 
SLAB MOMcNTS -27.6 

MOMENT COFFICIENTS 0.75 
- -

MOMENT TO COLUMNS 
AND MIDDLE STRIP$; -20.7 

WALL MOMENT 
TOTAL MOMENT -20.7 

AS REQU tRED 1.28 

MINAS 1.07 

CHOOSE STEEL 7#4 BARS 

AS PROVIDED 1.4 

INTERIOR POSITIVE MOMENTS 

- - - - -

SLAB MOMENT 14.9 

MOMENT COEFFICIENTS 0.6 
-

MOMENT TO COLUMN 
--

ANO MIDDLE STRIPS; 8.94 

WALL MOMENTS 

TOTAL MOMENT 8.94 

AS REPUIRED O.SS 
-- - .. -

MINAS 1.07 

CHOOSE STEEL 6#4 BARS 
- - -- - - - -- . -

AS PROVIDED 1.2 

TABLE 6.2 
REINFORCEMENT 

DESIGN 

1 

MIDDLE 

1 

COLUMN 

1 

MIDDLE EDGE COLUMN 
STRIPS! 

1 

STRIP STRIP !STRIP 

B3 1 
B2 B1 

- -
-35 -35 -27.6 

0.25 0.125 0.75 0.75 0.125 0.25 0.75 

-6.91 
1 

-4.4 1 -16.25 1 -26 .25 1 -6.91 -20.7 -4.4 1 

-11 .3 ¡ -11 .3 -26.25 -26.25 -207 

0.7 1.63 1.63 0.7 ¡ 1.28 

1.8 1.3 1.3 1.8 1.07 

I9#4BARS 9 #4 BARS 9 #4 BARS 9#4 BARS 7 # 4 BARS 

1.8 1.8 1.8 1.8 1.4 

1 - -- - - . 1 1 1 _ 1 -- - - _ 1 1 
- - - - -

1 
1 

- - - -- - ----- -- - ----- - - - --· -· l /-;; ,. " 18.8 18.8 p ,/ .. --~;\ 
14.9 

- -- - - ·- ----- ·- - ·- - -·- ···-· - - -

0.4 0.2 0.6 0.6 0.2 0.4 ' -~ J,, ·1 0.6 
-- - - - --- - - - ---- -· ·- -· - - ---·- --- l . .. .. 

- - . ---- -- --- - -- - --- - ---- -- - - : ... J. ;y 
5.96 3.76 11 .28 11 .28 3.76 5_95 : - / 8. 94 

---- - - ---- - -- ----- ----- - -·-- -- -- --- - - - -- -- - -- --
B koHcA ncr 

·- .. - -- - - ---- - --------- -- -- - - ---- ·• - - -·- ---- - 9.12t SPOL 9.72 11.28 11.28 8.94 
--- . - - -- - -- -- ----- - -----· ---- - -- - . ----· - - - - - 1 

0.6 0.7 0.7 0.6¡ 0.55 
--- - -- -- -- -- - -- ---- -- --·-- ·-- - - - - - ----

1.8 1.3 1.3 1.8 : 1.07 
--- . - - - - · -- - -- --- ---- - - - ·· - · - --·- -- ----· ---

9 # 4 BARS : 9#4 BARS 7#4 BARS 7 #4 BARS 6 # 4 BARS 
---- -·- -- - - - - ·----·- - -- - - - - - - -~-

1.8 : 1.8 1.4 1.4 1.2 
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The last step befare beginning our actual design is to calc;:ulate the 

constants used in our design equations, our first equation is; 

As = Mu / .9 fy jd 

jd = d - a/2 

ó-9 

the equation used far calculating the area of ste~I reinfarcement is As= .062Mu. 

The equation which gives us the mínimum area of steel need not be calculated, it 

is given in Sec 13.4.2 of the ACI codes as; As min = .002bh. 

With the preliminaries completed we can now set up tables to design the 

re infarcement in the east, and west directions. Table 6.2 is an example of one of 

these tables, and shows the process used. lt should be noted that the tables 

used to calculate the steel bars come from the ACI codes, but were taken from 

the Reinfarced Concrete Textbook. 

6.3. Floor Designs 

The process used to design the roof, is the exact same process used to 

design the fioors. The only difference is in the loading. Uniike the roof there is .a 

substantial effect caused by live load and by wall loads. 

The equation for factored !oadlng in the case of the floor is; 

Wu = 1.4 DL + 1.7 LL 

which brings us to ou r first problem, we have two different live loads. The live 

load far the rooms is 40 lbs/ft2, while the live iuad for the corridors is íOO ibs/ft2
, ( 

in case the corridors get jammed with people during an emergency ). So two 
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different factored loads must now be calculated, and two separate checks must 

be done for shear. 

During the moment calculation phase the corridors factored loads must be 

taken into consideration, as well as the loads caused by the walls. In Table 6.3 

we give an example of how this is done, and the effect of these loads on the 

moment calculations. lt should be stated that I use a dead load of .42 l<sf for the 

wall load, instead oi .62 ksf used in the Steel Design Chapter. 

1 did this, because at first I was using the the Reinforced Concrete 

textbook to help me with my design, and it only used a value of .42 ksf for its 

walls. Later on we referred to the LRFD Steel Design Manual3, which gave a 

value of .62 ksf for the walls we were using, ( see cost analysis for 

comprehensive description of the walls, and interior design). We decided that for 

future calculations we would use the .62 ksf load, but we kept the slab design 

that had uti lized the .42 ksf load. 

The reinforcement design is done with the same procedure used for the 

roof design, the only difference being the addition of the wall moments. Table 

6.3 is an example of how the moments are distributed with the addition of wall 

moments. 

6.4. Co/umn Design 

6.4.1. Preliminary Calculations: 

· 
3 Smith, John, Structural Steel Design: LRFD Approach, 1991 edition, 



-+------------'------'-F_\ --=---G U(\ -e I G , ~ 

-. -, ~.-..... - -., .... 

o~s I g n O f e O/ U /Y' /1 S '. [] l\. .f ~ l"7 e h 1 ! -e Ve J 

CCJ. ICJle,, re_ Ír; buí .. fj A-re°' ' F ,." d /,;./dr-.J T l "1L p U, 

~) fd.51¿ C11)uMn5..; Exí<-(1.qr Co}v"'1h5 (/\!-S) 

, 1 r. -:s 
1 < 1 
1 

c-6 A, · 1 ¡ e 1 
-+---~~ ---- J. _______ _:..~==i=~ 

l.-/) 
-

C)O 

1 

1 

-.¡J, 1 
G J.. ~SS- . ~ 
~ - - - 7 A ~ 7 ó' 2 h 

(ó " <.. ( <.-<.. 
',,J:," \ 

! 

1 
J 

7, ~s 
'-- - -,, 

1 

1 
1 

r 

A=- 9 ~,¡ F,~ 

1 

1 

1 

l 

1 

1 

j__ - 1 -, - - - - - - -r 

1 
1~.J.5 

BIBLIOTECA FICT 
ESPOL 

-

.. ~, 
- ---• ~- - - ----- - - - - -- - -----



L1 

LN 

L2 
Wu 

Mo 

Mo coefficients 

Positive and 

Negative moments 

wall load 

wall Mo 

Moments from 

wall 

sum of column 

moments 

1A1 
1 

1 
¡ 

1 

FIGURE 6.3 
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When dealing with a building the size of ours, dead and live load govern 

the design of the columns. This is the case because the building lacks, 

considerable height, and bending moments due not play a significant part in 

design. This does not mean that the building is not checked for deflection dueto 

wind, and seismic load ! lt is, and later on in the text the result of this trame 

analysis for deflection will be shown. 

To find the dead load affecting each column, we must first calculate its 

Tributa~, Area. This is the amount of the floor span that each column supports. 

Figure 6.4 shows how the tributary area was broken up for each column. lt 

should be stated that in analyzing tributary area I took into account both the 

geometry of the span, and the distribution of loads. After finding the tributary 

area, we multiply the area by the factored load, Wu. This will give us the 

concentrated load on the colurnn, or the Pu· The following is the summary of the 

Pu calculations. 

Columns 

Exterior Corridor Columns 

Interior Corridor Columns 

N-S Exterior Columns 

Comer Columns 

6.4.2. D~sign Method: 

Pu (kips) 

102 

179.1 

131.5 
BIBUU ft A FICT 

78 ESPOL 
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We decided to design the columns from the bottom up, in other words, to 

find the concentrated loads on the basement columns, design for those loads, 

and then use those columns for the rest of the building. This is designing for the 

worst case, since the worst case colurnns in our building,(due to gravity load) 

are the basement columns. 

The first step in the design process is to calculate the trial area of the 

column, A9 . This is given by the equation: 

A9 > P J.45(f e + fyPt) 

After the A9 is calculated the preliminary shape, and dimensions of the 

column may be calculated. Now we have to check our preliminary design. 

First we calcuiate tlle property e, which is the ratio of the column moment 

to the concentrated load; MJPu. After e is calculated it is divided by h. lf the ratio 

is .2 or greater the bar arrangement is rectangular, and the column is a square. lf 

the ratio is less than .2, then the reinforcement is a spiral , and the column is 

circular. In our case all our columns are square. 

Our next step is to choose the reinforcement for the column. We start by 

calculating the area of steel needed, given by the equation: 

Ast= PtAg 

We assume pt to equ·a1 .01. theri using our values for Ag, we calculate the area 

of the steel. Using the tables given in the reinforced concrete handbook, we 

choose the type, and number of reinforcing bars; now our design is complete. An 

example, and summary of the column design is given in Table 6.4. 



TABLE 6.4 
DESIGN OF BASEME T COLUMNS 

A1 A2 8 1 82 
---
Pu 78 102 . 131.5 : 179.1 

--
Mu 20.5 8.3 36.7 : 14.8 
Ag(trial) 37 : 49 , 62.6 1 86.5 
select dimensions 8x8 8x8 1 12x12 1 12x1 2 
o = Mu/Pu 0.26 • 0.082 : 0.28 1 0.082 

78 1 ·0.082 : 0.28 1 
--

e/h 0.082 
- -y 

.... ~~~ 0.75 , 0.75 1 0.75 1 0.75 
Pu/Ag ft~/' * "~i\ 0.52 i 0.7 i 0.9 ¡1,2 • / 1 ,,<. 
f------ ,;\,!' . tJ, ) 0.013 1 0.252 1 Mu/Agh 0.1441 0.1032 
pt '"~~;:¿_~; f•~·• v./· 0.01 : 0.01 i 0.01 1 0.01 
Ast = ptAg ! 1.441 1.441 1.44 ¡ 1.44 
choose steel tll~LIUltLA tl~I# 6 bars .4 # 6 bars ¡4 # 6 bars 14 # 6 bars 
As prov ided ESPOL 1.76 : 1.76 1 1.76 1 1.76 

Page 1 
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6.5. Lateral load check 

Up to this point we have done ali of our designs with gravity loads 

govern ing ( ie. dead, and live load). Now we rnust check if our rnernbers, and 

frarne are capable of resisting the lateral loads placed on them, ( ie. wind, and 

seisrnic load). 

To check for !ateral loading we chose to use a program called Frarne. 

6-13 

This FORTRAN based prograrn calculates ali of the joint rnoments in the frarne, 

as well as the deflection at each joint. We then can use this inforrnation to check 

our frarne, but first sorne prelirninary steps rnust be taken. 

6.5.1. Member Data 

Befare the FORTRAN prograrn rnay be run, we rnust first enter sorne 

input. We rnust find the mornent of inertia of each colurnn and bearn, its effective 

area, and its edge rno"rnents. An irnrnediate problern is that we have no bearns; 

this is easily rernedied by considering the colurnn strips, used in the slab design, 

as bearns. Tables 6.4 - 6.8 sumrnarize the values ·for all of our members, and 

Figure 6.5 dernonstrates how the joints, and rnernbers are categorized. 

6.5.2. FRAME ©: Structural Analysis Computer Program 

- - _._ ___________ - - --
. - -.,-~~-~- ·-·--,~~-



FRAME4 is a two dimensional (plane) structural am:1lysis program is 

composed of program running files, a data input file, and an output file. 

6-14 

The first step was to enter all the members and joints data far the frame to 

be analyzed by using a sample input data file from the program called 

"p lfrm.dat." To access this file one must go into DOS© and at the prompt type : 

"edit plfrm.dat" 

Once on this file, one makes all the necessary changes for one's 

particular trames' materials, members, and joints data. When all the changes 

are made, save it under a different name such as "example.dat". 

Then one must run the file: "framcf'. This file will ask for the input file; in 

th is case "example.dat", and for an output file such as "example.out". 

Finally when the message "stop-Program Terminated" appears on the 

screen, one can go over and analyze the computer analysis of the frame by 

typing the following at the prompt command: 

"edit example.out" 

lf one is satisfied with the frame analysis one can print it by typing: 

"print example.dat" 

6.5.3. Required Data for the Preliminary Computar Analysis 

The computer analysis5 require to number ali the joints and 

members in the N-S and E-W frames and then enter them with all their 

required datn in tabular form: 

• Program FRAME: Sfiffness Analrsis o.f Plane Frames.© 1988, by John F.Fleming. 
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Colurnn and Girdc r Propcrties fo r tho Prnlim inary 
Table 6.5 

Reinforced Concrete Computer An lysis 
on the N-S side of institute Hall 

N-S side columns of Building 
-- --- - --- - -- - - - ----

# Section Ax (in 2
) lz(in4

) Length (ft) Pu (kips ) 
- - -----·-- - ---

1 8x8 64 3840 7.5 78 
1---------- -- --- - --------------------• 

2 8x8 64 5120 10 55.2 ----- - ------- - -
3 8x8 64 5120 , 10 34.4 

1---------::----::--------=--,-------·--------------
4 8x8 64 5376 10.5 1 13.6 

l--9-----1°2X1 _2 ______ 1_4_4 ___ 12--9-6_0 ___ 7 ___ 5 __ l __ 13_1 ___ 5 ~ 

1----1--0------=-12:::-x-:1-::2------:1:-:4·4-=----=-1 =-=72-80--, __ 1_0 ___ 1 --95 ___ 4___, 
- -------:---::----------------------- ---1 

11 í2x12 144 17280 10 , 61 .2 
1----- 12 ______ 1:-2x12-------1-44 ___ 18_1_4_4_

1

--1-0.-5--, - - 2- 7----1 
--+-----------1 

17 12x12 144 12960 7.5 ¡ 131.5 
-----:-::- ---,------- --------------------1 

.--1-8- 12x12 144 17280 10 1 95.4 
1----- -----,--:-- ----------- - -----------! 

19 12x12 144 17280 10 , 61 .2 1-----------,--:-- ------------------:------! 
20 12x12 144 18144 10.5 , 27 

- 25 __ _____ 1fx-12- - 144 12960 7.5 i 131 .5 ---- - - ____ ___________________ ___, 
26 12x12 144 17280 10 ¡ 95.4 

--- --------- - --- - - --- ------------'-----
27 12x12 144 17280 , 10 ¡ 61 .2 
2a _ ___ -·-12x1 2- -- --1-44 ___ 1_8_14_4 ___ 1_0-.5--+--, __ 2_7 _ _ 

1---- -----.,- ----- ---------------------~-------1 
33 12x12 144 12960 7.5 ! 131.5 

- - - - - ---- --- -- ------------
34 12x12 144 17280 10 i 95.4 

-- fs_ __ 12x12 - - --- 144 17280 10 ! 61 .2 
---- ----- -- - -··------------- ----------

36 12x12 ~ -· 144 18144 10.5 1 27 
41 8x8 ./ "'i- • 

-,54 ___ 38_4_0 __ 7.5 78 

-164 5120 10 55.2 
; 

--
42 

- ----
8x8 ·:-.~ ,,¡ 

,_ __ -¡j- 8x8 ~~~G°' 64 5120 10 34.4 
---- ----- ---· - --·--- - ---------

44 8x8 ~•or intu' ~ c, .&4 5376 1 O. 5 13.6 
-- -------- ---- ----fcwm,w'l+-m,w,i..,~f"-"i--f-11,r+r,,.+-------------1 -----, 
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Table 6.5 Continued 

N-S s ida Sections of Build ing 
-----•---·---- ------ - - -· - - - -- - - - -- - - - - ---

___ !!__ ______ ~~~cti_?_n Ax (in
2

) lz (i~J__ ength (f Wu _(~!!_) __ Mz t~-ft) 
. 5 slabstrip6.75" 336 2952.5 15.3 0.192 4 

-· ·- ---------
6 slab strip 6.75" 336 2952.5 15.3 0.254 5 -------- -- --
7 5 slab strip 6.75" 336 2952 .5 15.3 0.254 ------~- ---· --·-------· -· 
8 slab strip 6.75" 336 2952.5 · 15.3 0.254 5 -------- ------
13 slabstrip6.75" 336 2952.5 15.3 0.192 4 

---·-- - - ---- ----
14 slab strip 6.75" 336 2952.5 15.3 0.254 5 

-----------·-----
15 slab strip 6.75" 336 2952 .5 15.3 0.254 , 5 

---------------
16 
21 

slab strip 6.75" 336 2952.5 15.3 0.254 5 
----------------< 

slabstrip6.75" 336 2952.5 15.3 0.192 
--·------'--

slab strip 6. 75" 336 2952.5 15.3 
1-------

22 0.254 ¡ 

4 
5 

23 slab strip 6.75" 336 2952 .5 15.3 0.254 1 5 -- __________ ___ __, 
24 slab strip 6.75" 336 2952.5 15.3 , 0.254 : 5 

--·-------
29 slab strip6.75" 336 2952.5 15.3 0.192 i 5 

f---------~ 
slab strip6 .75" 336 2952.5 15.3 

1---- ---· 
30 0.254 5 

,___3_1 ___ s_la_b_s_tr_ip§_]~'-' __ 3_36 ___ 2 __ 9_5_2_.5 _ __ 1_5_.3 ___ 0_.2_5_4 ___ 5 __ =<-,, 

32 slab strip 6.75" 336 2952 .5 15.3 0.254 1 5/ - i>-\ ,_______ --------·- ' 
37 slab strip6.75" 336 2952 .5 15.3 0.192 4-· 1 / ~---- ------
38 slab strip 6.75" 336 2952.5 1 15.3 
39 slab strip 6. 75" 336 2952.5 15.3 

-------
40 slab strip 6. 75" 336 2952.5 15.3 
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Table 6.6 
Column and Girder Properties for the Preliminary 

Reinforced Concrete Computer Analysis 
on the E-W side of lnstitute Hall 

East - West side Columns of Building 
1 

# Section Ax (in2
) 1 lz (in4

) 1 Length (ft) Pu (kips) 
1 - 8x8 -· 64 3840 7.5 78 

2 8x8 64 5120 10 55.2 
3 8x8 64 5120 10 34.4 
4 8x8 64 5376 10.5 1~.6 
9 8x8 64 3840 7.5 102 

10 8x8 64 5120 10 74.4 
11 , 8x8 64 5120 10 46 8 
12 ! 8x8 64 5376 10.5 18 __ .,,.. ,~-.-
17 1 8x8 64 3840 7.5 102 

1
¡f/~t,-:¿ 

18 8xa 64 5120 10 74.4 ,1(~,~ _:/l~.) 
191 8x8 64 5120 10 46.8 ",.,..,. ··:, 1 

20 8x8 64 5376 10.5 18 ~- ·•,., 

25 8x8 64 3840 7.5 78 Bl8l/O!fCA f!CT 
26 8x8 _____ 64 5120 10 _ ___ __ 55.2 .ES11~0l 
27 8x8 64 5120 10 34.4 
28 8x8 64 5376 10.5 - 13.6 

-- -- - t- ---- --- --··- - 1-- ------

E-W Girders of building 
- - --- - - -- ·---- ·· -

# __ Section Ax (in
2l ____ _ 1~ (i!lJ_ ___ ~en~~ lfl) ¡ _'!"u (k/ft) 

5 slab section 6.75" 387 3460 18.5 0.192 
- -- - ---·- - - -· ·- - -·- ----

6 slab section 6. 75" 387 3460 18.5 0.192 
- - - · - ... - - --_, - -- - - slab sectiÓn 6.75" - - - ---- 387 -- --- -- ----- 3460- --- ---Üf5 - 0.192 

8 -- slabsection6.75" ·-- -• 3Bi _________ -- 3460 ____ ---- 18.5 0.192 
.. -·-1f ____ . ·slab section 6.75" -----· 387 _ ______ 1845.3 ____ 6 ----· -- 0.294 

·-- - - ____ ¡ _ . - -- --· .. - ---- .. -----<--- -------· 
14 slab section 6.75" 387 1845.3 6 0.294 

- ---15 - - slab section 6.75" - - ----ji37 ___ - -1845.3-- -- - Ef ____ 0.294 
- -· - - - . -- -- ---- -- -

16 slab section 6.75" 387 1845 3 6 O 294 
---- -- -- - -- --- -

21 slab section 6.75" 387 ---+-- 3460 18.5 O 192 --·- -- ---- - - - ---- - - -

22 slabsection6.75" 387 3460 18.5 0.192 
23 slab section 6.75" · -- - 387 _ ___ ..,_ ---- 3460 ·- - -- 18.5 0.192 

·- - ··- - .. ---- ---
24 slab section 6.75" 387 3460 18.5 O 192 
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Joint 

Table 6. 7 _ -~rth-South 
lateral moment distributio n 

,x cor. (ft) ·¡_ x cor.(in ) 'y cor. (ft) y cor.(in) :Pu (k) IWind Fx (k) :Earthquake Fx (k) IMu(ft-1") 
: ' 1 1 1 

1
1 o o o I o 85. 2 1 o I o 1 

2 ¡ o o· 7.51 90 78 31 3.64 

3; O O 17.5 210 55 .2 3.8 _ 7.54 
4¡ o o 27.5 330 34.4 3.9 . 12.4 1 

5 15.3 ~83.6 38 ¡ 456 13.6 2 -· . 13.11 . 

s 15.3 183.6 ºI º 138.7 º º 
7 15.3 183.6 7.5 90 131 .5 O · O 
8 15.31 183.6 17.5 210 95.4 O O 
9 15.3 183.6 27.5 330 61 .2 O O 

10 15.3 183.6 38 456 27 o o! 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 

25 
26 1 
27 
28 
29 
30 

30.6 367.2 O O 138.7 O O 
30.6 
30.6 
30.6 
30.6 
45.9 
45.9 
45 .9 
45.9 
45 .9 

61 .2 

61 .2 

61.2 

61 .2 

61 .2 

76.5 

76 .5 
76.5 

76 .5 
76.5 

367.2 
367.2 
367.2 
367.2 
550.8 
550.8 
550.8 
550.8 

550.8 

734.4 

734.4 

734.4 

734.4 

734.4 , 

918 1 
918 

918 

918 
918 ,. 

- - - - - -
7.5 90 131.5 O O 

- - -- ·- - . - - --
17. 5 210 95.4 O O 

-· --- ---- ----
27.5 330 61 .2 O O 

. . - - -· -- . ---- - -- - - --- ·- -----
38 456 27 O O 

- -- -- -• · ----- - ---- - - - -
O O 138.7 O . O 

-- ---- - - - - - ·-·-·-- - --·- --- ----------- -

-1~; 2~~ J¡01 -~:---- :::- ~ =-~ ~=-::: -·· ~I 
27.5 330 61 .2 O O 

·- ----
38 456 27 O 
- ' ···---- - ---- .. ----- --- !·----
o 

7.5 

17.5 

27.5 

38 

o 
7.5 

17.5 
27 .5 

38 , 

º 138.7 O 
- -· -- -- -- - -- -----

90 131.5 O 

210 95.4 O 
330 - - 5f2 --- --···· ·-o __ :~-'--~:,_ 

------ - -- - ------ ~~+-
456 27 o ' "••1.11(~-;;-¡,cr 

O 85.2 ·-· o !:SPO 

90:?age 13d 78 ' 
- - ,- -- ---

210 55.2 
-- - .. - -----

330 34.4 
456 13.6 

o 
o 

º o 

º o 
o 
o 
o 
o 
O· 
o 
O

¡ 
! 
1 

o 
o 

o 
-5 
-5 
-5 
-4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

- O 
o 
o 
o 
o 
o 
5 

5 
5 
4 



Joints x cor.(ft) 

1i o 
21 o 
31 o 
4'. o 
5 o 
6 18.5 
7 18.5 
8 18 5 
9 18.5 

10 1 
18.5 

11 i 24.5 
12 1 24.5 
13 j 24 .5 

141 24.5 
15 • 24 .5 

16 43 - . 
17 43 

- · 
18 43 

-· 
19 43 --
20 43 

.... 

Table 6.8 
East - West 

Lateral moment distribution 

x cor.(in) ¡y cor.(ft) ¡x cor.(in) 
1

Pu (k) Wind Fx (k) Earthquake Fx (k! ¡Mu (ft-k) 

oi o\ o 85.2 o o o 
o\ 1 

7.5 ¡ 90 78 6.93 4.4 -5 .5 
17.51 

- ' 

o 210 , 55.2 8.93 9.2 -5.5 
o 27.51 330 I 

1 ! 
34.4 9.17 15.2 -5.5 

O, 38 456 13.6 4 .69 16 -5 .5 
222 ¡ o 0 1 85.2 0 1 o 4 62 1 

1 1 

222 1 7.5 90 1 , i8 ºI o 4.62 
• · 

222 17.5 210 : 55.2 º' o 4 62 
222 27.5 330 , 34.4 o o 4 62 
222 38 

1 

456 1 13.6 o o -4 .9 
294 o o: 85.2 o o -4 62 
294'1 7.5 , 90 78 o 

/ •.~'7--;~~-- O· -4 .62 
294 \ 17.5 1 210 55.2 o e/ __ 1: >'\ ol -4 .62 
294 27.5 330 34.4 o 11 l-~ .. .; ) i o -4 62 

- ' - ':'-- .,. ._ -· 1 ~ 294 38 456 13.6 o ,. ' / o 49 ... - - - '' 516 o o 85.2 o o o 
. - - - ------

o BiaUffl rLA ncr 516 7.5 90 78 o 5.5 - - ·---- 1 
516 17.5 210 1 55.2 o "=Sr:!.Ol . 0 1 5 5 . - - -· . - -

o/ 516 27.51 330 1 - 34.4 o 5.5 
38 1 . 

- -- -- - -- -- --
0 1 516 456 13.6 o 5.5 
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6.5.4. Preliminary Wind and Seismic Compute r Analys is For 
the Reinforced Concrete Frame 

Now we expose our frame to a computer analysis for wind and 

seismic forces6 to check if the frame is acceptable under the given 

circumstances. We did four computer runs to verify the frame: 

Run 1. N-S v,ind analysis. 

Run 2·. N-S earthquake analysis. 

Run 3. E-W wind analysis. 

Run 4. E-VV earthquake analysis. 

Note: Besides wind or earthquake forces, each run had the 
following vertical loads: for slab strips (1.4 DL + 1. 7 L.L), and 
far columns the concentrated load Pu. 

lt is here that a major problem occurred. We could not get the N-S 

analysis to work. We went over the program severa! times, checking to 

make sure no mistake had been done. None carne to our attention. The 

on ly theory we had was that since the program had successfully analyZf~d 

all the sides composed of 4 frames, but not the one composed of six 

trames, that the program could not analyze structures composed of more 

than 4 frames. This is only a theory though, and we leave this problem far 

a future MQP to solve. So far our case we will take the E-W deflections to 

govern, just as they did far the Steel Frame. 

5 For a printout of thc computcr analysis 0 11 thc Concrete Framc see Appendix G. 
6 sec Wind and Scismic calculations on chapter 4. 

-=-- -



6.5.5. Deflection Check for the Reinforced Concrete Frame 

In arder far the previously designed members to satisfy the computer 

analysis, it is required that the lateral deflection at the roof level be within the 

fo llowing limit : 

/),, max. (range) = _l:L ~ J::i 
400 500 

where: 

H = Height of the building 

! 1 

This range is between ,., _ - : _H_ = {.36' X 12") = 0.864 in. 
tiiBL/UIEL1; FiCf 500 500 
ESPOL 

: _H_ = (36' x 12") = 1.08 ln. 
400 400 

After running the computer analysis far wind and earthquake forces on 

the E-W side, we found that the earthquake load governed with maximum 

deflection of 7: 

!),, E-W = .86316 in. 

6-16 

Which is wi thin the range of ~max = 0.864 - 1.08 in. Therefore, the designed structural 

mcmbers making up tbe frnme are acceptablc for deílection. 

7 For a printout of the computcr analysis for the Rcinforccd Concrete Frarne see Appcndix G 

~-~ - - ---- -
-- - ------ - ,:._-- -- - --- -e------c-·-

' ----
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6.5.6. Beam-Column Analysis 

The Frame has checked far both gravity, and lateral loads; now we must 

check it far the combined effect of these two loads. 

The first step is to pick the column you wisl1 to check. lt is wise to pick the 

worst case column, because if it checks, then all of the columns will check. In our 

case this is a basement exterior corridor column. Now we can calculate our 

needed data, and check our member. 

Step 1) Calculate p1 ; and Ey B\Bl\01lt~ f\C · 
ESPOL 

Step 3) Compute the concentric axial load capacity, and Max axial load 

capacity. 

a) from Eq 11-1 ( Nominal Concentric load ) 
PO = (.85fc')(A9 - As1) = fy(As1) 

b) max allowable load 
<DPn = .8~P0 , where ~ = .70 

Step 4) Compute cDP,,, and <DM,,, far balanced failure ( E51 = - Ey) 

a) Determine e, and the strains in reinfarcement 

(Eq 11- 6) c = [.003/ .003 - (-Ey)] d1 

(Eq 11 - 7) E52 = ( e - dic).003 

b) Compute the stresses in the re inforcement layers. 

--- --- -· . - ------
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c) Compute the forces in the concrete and steel. 

( E q 11 - 9 ) Ce = ( . 8 5 fe)( a b) 

lf the distance d1( distance between reinforcement) exceeds a. Then the 

layer of steel lies outside the compression stress block, and does not displace 

concrete included in the area ( ab ) when computing Ce. Thus 

lf a exceeds d2 then reinforcement layer 2 lies in the compression zone. 

Hence we must al low for the stress in the concrete displaced by the steel when 

we compute f52 . From equation 11-10b, 

e) Compute P n 

f) Compute Mn B Bl'OH.C~ HC1 

Mn = Ce( h/2 - a/2) + Fs1( h/2 - d1) + Fs2' h~ - 2 J L 

P n = 145.4 kips , and Mn = 102.8 ft-kips is the final result. These are the 

maximum combined loads our column can withstand. The actual combined load 

on the column is Pu= 102 kip'>, and M2 = 52.3 ft - kips. Therefore the member 

checks, and because this is the worst case member all the members check. 
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6. 6. Design of Baseme,1t's Floor13 

The basement slab as given in the general specifications on lnstitute Hall 

was designed to carry a 100 psf live load far social areas or other recreational 

facil ities. This was done in accordance to the Massachusetts State Code 1990. 

According to the General Specificatioos oo lnstitute Hall 

"Slabs on ground shall be placed on a mínimum 6" layer of 95% 
compacted grave! and placed in alternate panels not exceeding 1000 ft2. 

They shall be reinfarced witli minimum 6" x 6" -w2.9 x ,N2.9 welded wire 
fabric, lapped 12" on sides and ends." 

According to the Massachusetts Code 1990 (section 1509) 

"The mínimum slab thickness for a slab is 3.5". However, since we are 
designing a slab far a college dormitory, the live load acting on it is 100 psf 
(social areas). Therefare, to be safe this slab was designed to be 6.0" thick, like 
the slab designed far the corridor areas. 

An approved vapor barrier with joints lapped not less than 6" shall be 
placed between one base course and the concrete slab ." 

6. 7. Design of F'oundations 

The foundations for the reinforced concrete frame were designed by 

using .the Mass Code 1990 and Peck's, Hanson's, and Thornburn's, Foundation 

· 
8 sec design of bascmcnt' s sl ab in appendix D. 

- - -

- - -- . 
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Engineerjng9
, the textbook used in Worcester Polytechnic lnstitute's found ation 

er:'] ineering course. 

6.7.1 . General lnformation for Foundations 

Erom Mass Code 1990 

SECTION 1205. 1 Frost Protection 

"AII permanent supports of buildings and structures shall extend a 
mínimum of four (4) feet below finished grade except when erected upon sound 
bedrock ... " 

SECTION 1206. 1 Footing Design 

"The loads to be used in computing the pressure upen bearing materials 
directly underlying foundations shall be the live and dead loads of the structure, 
as specified in section 1115.0, including the weight of the foundations and any 
immediately overlying material. .. " 

SECTION 1206.2 Pressure dueto Lateral Loads 

"Where the pressure on the bearing material dueto wind or any <:rrb.e.r 
lateral loads is less than one-third (1/3) of that dueto dead and live loacls, it may 
be neglected for tr.e fo1.1r.dations d·3~ign ... " 

In the case of lnstitute Hall, wind and earthquake loads are less than 1/3 
dead load plus live loads. 

SECT/ON 1209. O Concrete Footings 

· "In plain concrete footings, the edge thickness shall be not less than 8 
inches for footings on soil. .. " 

TABLE 1201 on 

9 Hanson, Pi.:ck, and Thomburn. [oundíltion En~inccrinf!, New York: John Wiley and Sons, !ne, 
1974 edition. 

-- -- --------~---- . --

• 
- - . 



(Allowable bearing pressure far foundation maten·als) 

Far type of soil @ Worcester, MA. 
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TABLE 1201 
Material Class Description Consistency Max. allowable 

7 Gravei ; wideiy graded sand 
& gravel ; & abrasion till 

From "Foundations Engineering", 1974 edition. 

Pg.265 

Netbearing 
Pressure (tonsltr) 

6 

B\Bttun.r C, 
ESPOL 

"As a general ru le, a factor of Safety of 3 should be provided against the 
loads specified by the building code. lt should not be less than 2 even if the type 
of soil and maximum loads are known exceptionally wel l. " 

Note: Since we did not know the type of soil for lnstitute Hall exceptionally well, 
we u sed a factor of safety of 3 for P u's. 

Pg.114, Table5.3 

Far a till, grave!, or sandy type of soil with a medium to dense relative 
density , the range of number of blows (N) per foot for the penetration test is 
30-50. 

· Asan average value, we used N=40, 

Pg. 309 

In order to follow Peck's, Hanson's, and Thornburn's design method far 
footings we used Terzaghi's figure 19.3 pg.309. This figure is a chart 
proport ioning shallow footings. lt was designed taking a maximum va!ue 
settlement of 1 ". 

6.7.2. Design of Footings 10 

AII footings must have: 

· 
1° Foundation calculations for thc Stecl Framc are in Appcndix D. 



4 feet or more below fi nished grade (footing depth for Massachusetts) 
Thickness ~ 8 inches 
P u's x 3 safety factor 
Average number of blows N=40 
Max. differential settlement = 1" 
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The first step in the footing design was to obtain the P u's from each 

particular type of co!umn and rnultiply them by the S.F of 3. 

Next, we assumed a reasonable footing width b for the particular 

load acting on it and find the ratio Dt 
b 

where: 

o,= Depth of footing from ground leve! 

Using Terzaghi's chart in figure 19.3, pg.309 on "Foundation Engineering", 

we entered this ratio and N=40 to obtain the Q all· (allowable bearing strength) . 

Then this Q 311 . , 4.4 TSF (tons per square foot) in our case, was compared 

with the Q act , which is calculated a 

Q act= e~ 
b 

lf Q all ~ Q act, then the foundation is acceptable. 

Finally, the thickness of the foundation was estimated as .b. 
4 

lf Q ª" is less than Q act then one must start over again choosing a larger 

value for b until requirements were satisfied. 

After performing all calcuiations (see Appendix O), the fol!owing 



footings were obtained: 

Loca tion Type of foundation 

Comer Columns A plain concrete footing with a 6'x6' 
base, thickness 

Footing for Edge Columns A plain concrete footing with a 7' x 7' 
base, thkkness = 1.75' 

6-23 

Footing for Interior Columns A plain concrete combined footing with 

6.8. Drop Panel Design 

6.8.1. Design Method 

a 11 .5' x 11.5' base, thickness = 3/0' 

/4 -·-1•1/ .. 

~( . 
n· 

B\ti\.\G\t' k nu 
ES OL 

Figure 6.6 illustrates the minimum design requirements specified by ACI 

sections 9.5.3.2, and 13.4.7. The drop panels in tl1is building were designed 

using th:s method. lt was decided that the drop panels would be unifOím foí a:: 

columns , both to save on cost, and for added support. The panels were 

designed fór the worst case columns, which are the interior columns. 

6. 9. Summary of Final & Complete Reinforced Concrete 
Design 

The following , Jable 6.9 ,summ;::rizes thc Reinforced Concrete 

Frame Design. 
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Table 6.9 
Summary of Reinforced Concrete Design 

Structural Members I Members 

Roof: 

1st,2nd, a:nd 3rd 
Floors Design: 

Elevator Shaft: 
roof 

columns 

Basement: 

6.'.75 inch reinforced concrete slab 

__ , ~_ply felt and grave! roofing 

6.75 inch reinforced concrete slab 

5 comer columns 
2 exterior corrdidor c:olumns 
1 O interior corridor columns 
9 N-S exterior columns 

----
6.75 in reinforced concrete slab-~;=~;:t · 

3 ply felt and grave! roo~~Sl . 

4 columns 

6.0 inch slab 

5 comer columns 
2 exterior corrdidor columns 
1 O interior corridor columns 

- · --- -- ---- -
9 f\1-S exterior columns 

Page 23a 

1 

Dis~~)P!!º~ 

1 

¡ reinforced in !-J-S, and ~-W di!ections 
,with no. 4,5, and 6 bars 
see_figurés 6.6, and 6. 7 
far reinforcement design 

1 
1 

! reinforced in N-S. and E-W directions 
1 

¡withe no. 4,5,6, and 7 bars. 
see figures 6.4, and 6.5 for 
reinforcement design 

1
Bx8,reinforced with 4 no.6 bars 

I
BxB,reinforced with 4 no.6 bars 
12x12, reinforced with 4 no.6 bars 
12x12, reinforced with 4 r,o.6 bars 

8x8,reinforced with 4 no.6 bars 
---··-

8x8,reinforced with 4 no.6 bars 
-- -· -· ---

8x8,reinforced with 4 no.6 bars 
12x12, reinforced with 4 no 6 bars 
12x12, reinforced with 4 no 6 bars 



~-

BiBUOll:A FICT 
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Table 6.9 
Summary of Reinforced Concrete Design 

14 elevator shaft columns ;ax8,reinforced with 4 no.6 bars 
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Chapter 7 Cost Estimating 

This chapter in our MQP is dedicated to the cost estimating aspect of the re­

design of lnstitute Hall. In it, we will present how the estímate was assembled from start 

to finish, including ali quantity take-off, pricing from the Means Construction Cost Data 

19941, anda final cost analysis of both designs. Furthermore, we will depict sorne of 

the relevant advantages and disadvantages that each design offers to the owner, such 

as, fire protection, savings, construction schedules, and so on. As for heat loss in the 

' 
building, the wall components were made the same to eliminate differences.2 Howevér, , 1 

thís does not eliminate differences in heat loss through the slabs. 

Chapter 7 . 1 S eel Design 

B.BUOH"~ FICT 
ESPvt 

One of the two design methods for the structure of lnstitute Hall is a steel trame. In 

previous chapters loading and design par"ém1eiers have been covered. In this section of 

chapter 7, we will cover all the quantity take-off procedures that allowed the estímate to be 

const_ructed . Also, we will include the prices used in each estímate, including a description of 

the items üSed in constíUction. Then, the cost estímate will be perfüíiT1ed activity per activity, 

floor by floor, bottom to top. Sorne assumptions have been made in order to achieve the 

different stages cf the estimate and they will be thoroughly described in the following sections. 

1 Means Construction Costs Data 1994, R.S . Means Publishers 

2 Both designs specified a 2' exterior wall left to the discretion of the estimator. The walls chosen for the 
project are 8" concrete blocks with insulated cores and a drywall system as an inner wall. 
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Chapter 7 . 1 . 1 Quantity Take-Off 

Often considered the backbone of the estimate , it is vital for the qu_antities involved to 

be ·as accurate as possible to maintain the reliability of the estima te . After all, we are price 

quoting sornething which is unique in its nature and has not been constructed yet. Therefore, it 

involves a large amount of risk, which can be considerably reduced through an accurate cost 

estímate. 

The quantities were taken out of the design drawings one leve! of construction at a 

time. First, the foundations were calculated , followed by the basement leve!, floors levels, and 

finally the roof leve!. Sorne simplifications in the design stage allowed for the quantities to be 

somewhat uniform from leve! to leve!. For example, the first and second floors are identical 

making their quantities equai. The t11ird floor's quantities only vary where height is involved 

because there is a differential of .5' from the other floors .3 This is the case for both designs. 

For each level, only relevant quantities were calculated, meaning that quantities were 

calculated once and then repeated when needed in the estímate. These quantities were 

excavation volumes , surface contact areas, wall areas, f!oor areas, member surface areas for 

fireproofing, and so on. 

Sorne assumptions were made during quantity takeoff, as well as, suggestions4 which 

were left to the discretion of the estimator. Here is a list of the assumptions and suggestions 

that were made. 

1 _ ~n, inrl::it innc: 1 ,:"10I · 

3 First and Second floor heights are 1 O feet, whereas the third floor is 10.5 feet in height. 
4 Suggestions include the exterior walls, concrete curing methods, finishes, concrete block types, 
insulators, and others. 
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• AII dimensions for the footings were increased one foot for the excavation ,, ·,intities, to 

allow for forming of the footings. For example, a 6x6 footing was taken as 7x7 to calculate 

. the amount of excavation . 

• Waste material was taken as the difference between the volume of excavated material 

and the volume of backfill material , in other words, the amount of waste is equal to the 

amount of concrete in the footings . 

• Suggested forms for all formwork are to be 4 use forms. 

• A 40% allowance was included for excavation shoring. 

• A 10% allowance was u sed for compaction of backfill 

• A 25% swell factor allowance was used for disposal of material. 

• An 11 % waste factor was u sed for concrete waste in footings and an 18% factor for the 

reinforcement. 

2. Basement Leve!: 

• Edge forming for the slab was taken as an edge form running along the perimeter of the 

building. 

• The floor slab was specified as 6" deep. 

• A6% waste of concrete allowance was used for the slab on this leve! andan 14% 

allowance for waste and overlapping of the reinforcing wire mesh. 

• A 3% connection allowance was added to the total quantity of each W shaped member. 

3. AII le'.:e!3: 

• The floor slabs were specified as 3.5" deep in the bedrooms and 4.5" deep in other areas. 

• The wall area was taken as the perimeter of the floor multiplied by the height of the floor. 

• In the case of metal edge form? , they were calcul('lted as one around the perimetP.f of 

each panel. 



• Fireproofing specified a 2 hour minimum retard ing on ali structural members and on t11e 

roof panels on ly. A sprayed mineral or cementitious fiber was selected and its quantities 

were taken as areas represented by the surface perimeter of the W shapes times their 

respective lengths. 

• A 6% waste of concrete allowance was used for the slab on this level andan 14% 

allowance for waste and overlapping of the reinforcing wire mesh. 

• A 3% connection allowance was added to the total quantity of each W shaped member. 

Chapter 7 . 1 . 1 . 1 Quantíties for the Building Foundations 
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Excavation No. of Footings Length {FT} Width {FT} De~th {FT} Shoring Vol um e {CY} Totai {CY} 

Comer Columns 6 7.'3J 7.'3J 4 00 20.0 8 .33 ~ ) 1 l lrfGl!b1 

Edae Columns (N-SI 4 9 .'3J 9 .'3J 4.00 21.4 13.37 .749-. 
EdQe Columns (E-W) 4 11 00 11 .00 4.00 28.7 17.93 i.C. ~ tiXY4 • 
Interior Columns 2 15.00 15.00 5 .00 33.3 41 .67 116.7 
Elevator Columns 1 10'3J 10.'3J 4.00 6.5 16.33 22.9 
Waitina Area Columns 1 7.'3J 7.'3J 4.00 3.3 8 .33 11.7 

Totals 18 61 .00 61.00 25.00 ~13.3 105.96 396.5 

------ ~~----------~-- ~ - - - - ;¡ - • -- -

.. '•~. ~~!!ti!'";'~~---,&. .• - -~po~ . 
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Concrete for Footings No. of Length {FT) Width {FT) Dc~t h {FT} W aste Volume {CY) Total {CY} 
Footinqs 

Comer Columns 6 6. 50 650 1 EO 1.7 2 50 16 7 
Edqe Colurnns (N-S) 4 6::::0 8 .50 ;>(Xl 2.4 535 23.8 
Edc¡~ Columns (E-W) 4 1000 1000 2 50 41 926 --11.1 
Interior Columns 2 1400 1400 350 56 25 41 564 
Elevator Columns 1 9 .50 9.50 2.50 0 .9 6 36 93 
Wa1ttno Area Columns 1 6.50 650 1 0J 0 .3 2.50 28 

Totals 18 55.00 55.00 13.70 14.9 53 .38 150.01 
Concrete far Colum n No. of Length {FT} Widt h {FT} Oepth {FT} Waste Volume {CY} Tota l {CY) 
Rests Rests 
Comer Columns 6 1.67 1.67 2.40 0 .2 025 1 6 
Edge Columns (N-S) 4 1.67 1.67 2.00 0 .1 021 09 
Edqe Columns (E-W) 4 1 67 1.67 1.50 0 .1 0 .15 07 
Interior Columns 4 1.67 1.67 1.50 0 .1 0.15 0.7 
Elevator Columns 4 1 67 1.67 1.50 0 .1 0 .15 0 .7 
Waiting Area Columns 1 1.67 1.67 2.40 O.O 0 .25 0 .3 

Totals 23 10.00 10.00 11 .30 0.5 1.16 4.89 
-

Backfi ll Material No. of Excavation Footings {CY} Colum n Rests Sub-Total {CY} Total {CY} 
Footinas /CYl /CYl L,f' 

Comer Columns 6 8 .33 2.28 0 .22 010 .. 1 1. "5.83 38.50 
Edqe Columns (N-S) 4 13.37 4.87 0 .1 9 S::( ~" \._.,lt~2 36.00 
Edc¡e Columns (E-W) 4 17.93 8.42 0 .1 4 - 9.37 41 .22 
Interior Columns 2 41 .67 23.10 0 .1 4 18.43 40.54 
Elevator Columns 1 16.33 7.00 0 .14 8 .00 9.46 
Waiting Area Columns 1 833 2.28 0 .22 583 6.42 

Totals 18 105.96 48.53 1.06 56.38 172.73 

Edge Formwork ~ # of Length Width Peri meter Oepth Linear Jot.:i l 
Footinas (FT) (FTl /FTl /FTl Footaae /FTl SFCA 

Comer Columns 4 Use 6 6.50 6.50 26 00 1.00 41.00 262()3 

Edc¡e Columns (N-Sl 4 Use 4 8.50 8.50 34.00 2.00 68 .00 285.00 
Edoe Columns (E-W) 4 Use 4 1000 10.00 40 00 2.50 100.CO 420.CO 
Interior Colur:-:~s 4 Use 2 1400 14.00 56.00 3.50 •na fV"\ 4~ 1.30 1 .;;.rv. '-J'U 

Elevator Columns 4 Use 1 9.50 950 38.00 2.50 ~-00 99.75 
Waitinq Area Columns 4 Use 1 6.50 6.50 26.00 1.00 41.00 43.68 

Totals 18 55.00 55.00 220.00 13.70 542.20 1522.71 

Steel ~ Size # of Footings Length {FT} Width {FT} Area {SF} Total Area {CSF} 
Reinforcement 
Comer Columns Wlre Mesh 66-66 6 6.50 6.50 42.25 2.99 
Edc¡e Columns (N-Sl Wlre Mesh 66-66 4 8 .50 8 .50 72.25 3.41 

Edoe Columns (E-W) Wlre Mesh 66-66 4 1000 10.CO 100.00 4.72 

Interior Columns Wlre Mesh 66-66 2 1400 14.CO 196.00 4.63 

Elevator Columns Wlre Mesh 66-66 - 1 9 .50 950 00.25 1.06 

Waitinc¡ Area Columns Wlre Mesh 66-66 1 6.50 6.50 42 .25 0 .50 

Total s 18 55.00 55.00 543.00 17.31 

- - ~----- . - - - ·- - - --~--- - - - -- - ---~~ . 
' ~ 
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Chapter 7. 1 . 1. 2 Quantities for the Basement Leve/ 

Grave! Fill & Va~or Length (FT} Width (FT} Area (SF) Area {CSF} 
Barr ier 
Main Sect1on 87 00 51 00 5324 40 48 8 1 
Elevator Section 7.00 28.00 235.20 2.16 
Totals 94.00 79.00 5559.60 50.96 

Form s, Reinforcement, Lengt h {FT) Width {FT} Perimeter Area {SF} Area {CSF } De~th {FT} Volum e 
& Concrete /FTl /CYl 
Main Sect1on 87.00 51 .00 28980 5a58.18 50.58 0.50 s:929 
Elevator Secllon 7.00 28.00 73.50 223.44 2 23 0.:0 439 
Totals 94.00 79.00 363.30 5281.62 52.82 1.00 103.68 

lv>·\ 
Columns J:YQg Qu antity Size {FT) · 11.ength {FT) 

Interior Columns W 10x68 4 7.50 ~ ,, 30.90 
N-S Columns W10x68 4 7.50 30.90 
E-W Columns W 10x68 4 7.50 bJtll UI ' tlLI 30.90 
Comer Columns W1 0x68 6 7.50 .... ~I r,,-~ 46.35 
Elevator Columns W8x24 4 7.50 ~~ 

_.., 
30.90 

Waitinq Area Columns W 10x68 1 7.50 7.73 

Totals 23.00 45.00 177.68 

Chapter 7. 1 . 1 . 3 Quantities for the First, Second & Third Floors 

Girders ~ Quanti ty Size {FT} Length {FT) No. Of Total (FT) 
Stories 

Size "A" W 21x68 4 35.50 146.26 3.00 438. 78 
Size "B" W 21X68 8 26.50 218.36 3 .00 655.00 
Size "C" W 21x68 8 20.50 168.92 3.00 506.76 
Size "D" W 21x68 4 6.00 24.72 3 .00 74.16 
Size"E" W21x68 4 700 28 .84 3.00 86.52 
Size "F" W 21x68 2 6.75 13.91 3 .00 41.72 

Totals 30 102.25 601 .01 18.00 1803.02 

- - - -------- - --- --
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Beams ~ Quantity Size (FT} Length LEil No.Of Tot:i l (F...J] 
Storics 

Size "A" W 10x22 14 20 50 295 61 3.00 86683 
Size '" B" W fo.9 7 6 00 43.26 3 00 129 78 
Stairwav Size "A" W1 2,c 14 4 9 00 37 08 300 111 24 
Sta,rway S1ze "B'" W12x14 4 7 50 2000 300 92 70 

Totals 29 43.00 406.85 12.00 1220.55 

Steel Decking (16 g a. Length of Width of Area of Floor Area Floor Dec·,11 Volume (CY} 
Panels) Floor (FT) Floor (FT) Floor (SF) (CSF) (FT) 

Rooms Area Left 8700 22.50 2C6538 20.55 0 .29 22.84 
Corridors Area 87.00 600 548.10 5 .48 0 .38 7 83 
Elevator Area 7.00 28.00 2C680 206 0 .38 2.94 
Rooms Area Riaht 87.00 22.50 2C65.38 20.55 0 .29 2284 

Totals 268.00 79.00 4864.65 48.65 1.33 56.45 

. 
Panel Edge Forms & # of Paneis Panel Panel Width Panel Perimeter , l.:-ength of Welding ~er 
Weldina Per rloor Lenath /FTl /FTl /FT\ . ' Welds !FTl Floor /FTl 
Rooms Area Left 18 16 50 6 75 46.50 0 .08 78 66 
Corridors Area 6 1650 6.00 4500 P,l 1.H A ~1t.ooo 22.84 
Elevator Area 8 700 3 75 21 .50,_- -,, ~ 0 .08 15.45 
Rooms Area Riaht 18 16.50 6.75 46_50•":;..;)f" "'" 0 .08 78 .66 

Totals 50 56.50 23.25 159.50 0.08 195.61 

Columns for First, Quantity First Floor Total First Second Total Third Floor Tot al Third 
Second & Third Floors Size (FT} Floor (FT} Floor Size Second Size (FT} Floor (FT} 

(FT) Floor (FT\ 
Interior Columns 4 1000 41 .20 1000 41 .20 10.50 43.26 
N-S Columns 4 10.00 41 .20 10.00 41.20 10.50 43.26 
E-W Columns 4 10.00 41 .20 10.00 41 .20 10.50 43.26 
Comer Columns 6 1000 61 .80 10.00 61 .80 10.50 6489 
Elevator Columns 4 10.00 41 20 10.00 41 .20 10.50 43.25 
Waitina Area Columns 1 10.00 10.20 1000 10.3) 10.50 10.82 

Totals 23 236.90 236.90 248.75 
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Chapter 7 . 1 . 1 . 4 Quantities for the Roof Leve/ 

Girders Qu antity Size {FT} Lengtll {FT} 

Stze "A" 4 3550 14626 
Size "B" 8 26.50 218.36 
Size "C" 8 2050 168 92 
Size "O" 4 6 00 24 72 
Size "E" 1 11 .50 11 .85 
Size "F" 4 7.00 28 84 
Size "G" 2 6.75 1391 

Totals 29 107.00 612. 85 

Beams Quantity Size {FT} Length {FT} 

W 10x22 14 20.50 295.61 
W 6x9 7 6.00 43.26 

Totals 21 26.50 338.87 

-
Concrete for Slabs Panels Area # of Panels Total Area {SF) OéQth {FT} Volume {CY) 

(SF) 
Rooms Area Left 111 .38 18 2055.~ n• 1 l • • ,~,í38 30.83 
Corridors Areé1 99 00 6 548. 1ou1u .. , j 'b.!38 8.22 
Elevator Area 26 25 8 205.80 J: ,~t 1038 309 
Rooms Area R1ght 111.38 18 2055.38 0.38 30 83 

Totals 348.00 50 4864.65 1.50 72.97 

Chapter 7 . 1 . 1 . 5 Quantities for Fireproofing 

Columns ~ Width {bf} De~th {d} Thickness Peri meter Length Quant itl'. Surface 
lFTI (FT) (tw l (FTI (FTl (FTl Area (SF) 

Basement W1 0x68 0 .84 0.87 0 .04 0 .42 7.50 19 62.74 
W8x24 0 .66 0 54 002 0 .31 7.50 4 967 

First & Second Floors W 10x68 0 .84 0 .87 0 .04 0 .42 1000 19 83.65 
W8x24 0 .66 0 54 0 .02 0 .31 10.00 4 12.90 

Third Floor W1 0x68 0 84 - 0 .87 O.U4 0.42 10 .50 19 8783 
W 8x24 0 66 0 54 002 0 .31 10.50 4 13.54 

Totals 4.52 4.22 0.18 2.18 56.00 69 270.34 

~ . ----
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Beams ~ Fla nge Web (di Thickness Peri meter L c ngth Quar.titl'. Surface 
/bf) (tw) (FT) (FT) Are;?. (SFI 

Ali Floors W 10x22 085 0.48 002 0 .36 ~050 14 10319 
W 6x9 0 .49 0.33 001 0 .22 600 7 954 

W12x14 0 .99 0 .33 0 .02 038 9.00 4 14.48 
W12x14 099 033 002 0 .38 7.50 4 1207 

Roof W10x22 085 0.48 0 .02 0 .36 20.50 14 10819 
W6x9 0 .49 0 .33 0 .01 0 .22 6.00 7 9 .54 

Totals 4.66 2.28 0.10 1.92 69. 50 50 262.01 

Girders ~ Flange Web{d) Thickness Peri meter Length Quantitl Surface 
(bfl /twl (FT} (FTl Area /SFl 

Ali Floor Levels W21x68 1.76 0 .69 0 .04 07 0 35.50 4 103.75 

W21x68 1.76 0 .69 0.04 0.70 26.!.:D 8 154.89 

W21x68 1.76 0.69 0 .04 0.70 20.50 8 119.82 

W21 x68 1.76 0 .69 0 .04 0 .70 6.00 4 17.54 

W21 x68 1. 76 0.69 0 .04 0 .70 700 4 20.46 

W21x68 1.76 0.69 0.04 0 .70 6.75 2 9 .86 

Totals 10.57 4.14 0.04 4 .18 102.25 30 426.32 

Roof Levet W18x40 1.49 0.50 O.CX3 0.58 35.50 4 85.94 

/ W1ax<0 1.49 0.50 O.CX3 0 .58 26.50 8 128.3:J 
" /.: W18x40 1.49 0.50 O.CX3 0 .58 20.50 8 99.25 ,~, 

\ W18x40 1.49 0 .50 O.CX3 0 .58 6.00 4 14.53 

W18x40 1.49 0.50 O.CX3 0 .58 11 .50 1 6.96 
~~ 

Bib " , W18Jcl4<!l 1.49 0.50 O.CX3 0.58 7.00 4 16.95 

F..!:: , W18xi:KJ 1.49 O.!.:D O.CX3 0 .58 6.75 2 8 .17 

Totals 10.44 3.51 0.03 4.03 113.75 31 360.10 

Steel Oecking Lengt h {FT) Width /FT\ P;inel Area Length of Width of Floor Area of Floor 
/SFI Floor (FTl (FT} (SF) 

Rooms Area Left 16.50 6.75 111 .38 87.00 22.50 2055 38 
Corridors Area 16 !.:D 6 .00 99.00 87.00 6.00 548.10 
Elevator Area 7.00 3.75 26.25 7.00 28.00 205.80 
Rooms Area RI<1ht 16.50 6.75 111 .38 87.00 22.50 2055.38 

Totals 56.50 23.25 348.00 268.00 79.00 4864.65 

~---___ _ 
~ -- - ---------- ----- - - - ...;;:_,,..~-

. • º' t . --•-•-·-
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Chapter 7. 1 . 1 . 6 Quantities for the Exterior V✓a/1s 

Surface Area & Length Width Peri meter Hei9.h! Wall Arca Waste W all Area Mortar 
Vol ume of Wa ll (FT) {FT) {F T) {FT) {SFl ( 5%) w/ Waste (CFl 
Basement 8700 51 CO 276 00 7 50 2070 00 10350 2 173.:::0 13799 

7.00 28.00 70 .CO 7.50 525.CO 26.25 551.25 35.00 
Flrst Floor 87.00 51 CO 276 00 10 00 2760.00 138.00 / 2896.00 183 ':,9 

7.00 28 00 70 00 10 00 700.CO 35.CO •/ 735:00 4666 
Second Floor 87.CO 51 00 276 00 1000 2760 00 138 00 1 2898.00 18399 

700 28 00 70 00 10 00 700 00 35 00 735/J:i 46 E6 
Third Floor 87.CO 5 1 CO 276 00 1050 2898.00 144.90 304290 19319 

7.00 28.CO 7000 10 50 735.CO 36.75 771.75 49 00 

Totals 376.00 316.00 1384.00 76.00 13148.00 657.40 
1
13805.40 876. 48 

' . 
... 

---- --- ------ - - - - - __ c..,L.;:. - - --=- - - -------

• • -~;¡s..-. 

1 
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Chapter 7 . 1 . 2 Prices for Activitics from n1eans Construction Costs 

19945 

This section presents the unit prices used in the estímate. They are entered by the . 

section in which they appear in the book. First, earthwork, forming, reinforcing, cast in place 

concrete, masonry, steel, and so on. 

Prices include the value for material, labor, and equipment were they apply. 

Earthwork 
Code Page # Descri[2tion of Activ1ti'. ÜUt[2Ut Units Material Labor ~ Tota l 

022-250-2000 45 Excavation for Spread Footings on Common Earth 200 CY $0.00 $1.85 $4.68 $6.53 
with a 2 C.Y. Hydraulic Backhoe 

022-204-1300 41 Dozer Backfilhng, bulk, up to '::IXJ haul, no 4CO CY $2.74 $6.82 $4.58 $14.14 
compaction 

022-26&-1255 48 Hauling Earth, 20 CY dump tra1ler, 20 miles 96 CY I $Q.OO , $1.64 $5.15 $6.79 
roundtrip , and medium traffic (20% increase) 1 1 ' 

' -. .. 
• ' \., 1/ 

BiBLIOHCA FIC' 
r.:: s 16'1.., l.. 

Formwo1rk 
Code Pa g e # D e scri[2t1on of Activiti'. ÜUt[2Ut Un1t s Materia l Labor ~ Tota l 

031-142-5150 84 Plywood forms for 1 a· x 1 O" columns, 4 use 220 SFCA $0.78 $3.29 $0.12 $4.19 

031-142-5650 84 Plyvvood forms for 12" x 12" columns, 4 use 225 SFCA $0.81 $3.21 $0.12 $4.14 

031-150-1150 85 Flat plate form for elevated slabs up to 15' high, 4 560 SF $0.51 $2.00 $0.07 $2.58 
use 

031-150-7(XX1 as F.dge forms to o' high on elevated slab, 4 use 500 LF W31 $1.45 $0.00 51 .82 

031 -158-5150 86 Spread footing, 4 use 414 SFCA $0.51 $1.75 $0.07 $2.33 

031-1 70-3XXJ 8 7 Slab on grade up to o' High, 4 use 600 LF $0.2:'1 $1 .21 $0.05 $1 .53 

031-192-1000 89 Vertical shores up to 10 high, erect & sirip by 55 Ea $0.00 $6.00 $0.00 $6.00 
hand 

031-192-1500 89 Reshoring 14CO SF $0.14 $0.27 $0.00 $0 41 

a53-104-7200 141 Sheet metal edge closure form, 12'' wide with 2 300 LF $2.25 $0.63 $0.21 $3.00 
bends , 16 ga . 

5 See footnote #1, Referring to R.S. Means Publishers. For reference purposes, all of the activity's 
\ocations are prov ided by means of their respected page numbers listed next to the division code of each 
activity. 

1 
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1 Rei nforcernent 
Code Page # Oescrq~t1on of Act1v1t]'. Output Un1ts M a terial lat:io r ~ Tot3 I 

032-107-0200 93 Re1nforcmg In place A615-GOO, 1.5 TON $480.00 $505.00 $000 $1.0-5.00 
Columns, #3 to #7 

032-107-0UJ 93 Reinforr:mg in place A615-GOO, Elevatcd 2 .9 TON $480 00 $291.00 $0.00 $771 .00 
S!abs #4 to #7 

032-109-0110 94 Sphcmg #6 re1nforc1ng bars by butt 150 Ea $1 .35 $9.00 $3.28 $14.23 
welds, incl. holding bars in place 

032-207-0nJ 95 Welded Wire Fabric 6 x 6 - #6/6 29 CSF $12.00 $14.55 $0.00 $2745 
ry,12.9MJ2.9) 

032-207-040J 95 Welded Wire Fabnc 6 x 6- #4/4 27 CSF $17.25 $15.65 $0.CO $32 .00 
(W4MJ4) 

032-207-0650 95 Welded Wire Fabric 4 x 4 - #414 25 CSF $26.50 $16.00 $000 $43.40 
(W4MJ4) 

Cast-ln-Place Concrete 
Code Page # Description of Activt!Y Output Un its Material Labor ~ Tota l 

033-126-0350 97 Concrete, ready mIx, 4500 psi, high earty NA CY $57.20 $0.00 $000 $57.20 
strength (10% inc.) 

033-1~ 100 Curing wrth sprayed membrane curing 95 CSF $2.05 $3.20 $0.00 $5.25 
compound 

033-1 72-04CO 101 Placing and v1brat1ng concrete, colurnns, 45 CY $0.00 $29.00 $13.85 $42.85 
square up te 12", pumped to place 

033-172-1500 101 Placing and vIbrating concrete, Elevated 1~ CY $0.CO $10.05 $4.80 $14.85 
Slabs 6" to ,a·, purnped -· 

033-172-2EOJ 101 Placing and v1brating concrete, spread 110 CY $0.00 $8.75 $0.62 $9.37 
footings over 5 CY, direct chute 

/, 

033-1 72-400J 101 Placing and vIbrating concrete, slab on 165 
CY f , - ..soro $5.85 $0.41 $6.26 

grade 6' & under, chute 

033-454-0100 102 Finishing floors, !loa! finish 725 SF \ ro.oo, $0.23 $0.04 S0.27 

033-458-001 O 1CX3 Breaking patches and voids 540 SF $0.01 $0.34 $0.00 $0.35 

033-458-0EOO 1CX3 Float finishing walls, ceIlings, Includes xo s I! i lu ~$0.'f : 1 $0.62 $0.00 $0.64 
columns 

t::~rul-. 

Concret~ l Jnit Mr1sonrv 
Code Page # Oescrir2t ion of Activit]'. Output Units Material Labor Egu~ Total 

041-0240200 107 Mortar, wrth rnasonry cernen!, type N, NA CF $2.81 $1 .09 $0.CO $3.00 
1 :3 Mix 

042-220-0200 112 Sirnulated brick concrete blocks, 340 SF $2.50 $2.65 $0.00 $5.15 
ernbossed both sides, not reinforced, 8" 
X í6", o" [jij¡;j\ 

042-252-0250 115 Plant installed styrofoarn inserts for Add to above SF $0.66 $000 $0.00 $0.66 
insulation, 8" x 16' x 8" concrete blocks 

071-108-0rO 169 Masonry lnsulation Vermicul1te or perlite, 2400 SF $0.29 $0.15 $0.00 $0.M 
poured in cores of block, 8" thick wall, 
.258C F/SF 

015-254-o:ro 11 Exterior scaffolding, steel tubular. rent, 1 16.8 CSF $23.50 $34.00 $0.CO $57.50 
use per mo , no pl~n~. 1 to 5 stories h1gh 

- -~ -- ---- -- _;:- =-=:--=--~ ---- . 

-------- -~--
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Steel Members 
--"'-

Code Page # Oescr112t1on of Act1v1ty Out put Un1ts M ateri u l La bor Eg.\!._I_P To tal 

(B)-575-2200 128 Cuntinuous f1 llet weld1ng, 1ncl . equIpment, 5 19 LF $1.18. $12.00 ~3 98 $17.16 
to 6 passes, .75" th1ck, 1.3#/LF 

051-220--6800 131 Wide flangc, A36 steel, 2 ller, W8x24 1080 LF $11 .00 $1 .34 $0.00 $14.14 
column 

051-220-7íJ3J 131 Wide flange, A36 steel, 2 tIer, W10x68 964 LF $33~ $1.47 $0.99 $3596 
column 

051-~100 133 Wide flange, A36 steel , W6x9, incl. bolts fil) SF $4.45 $2.41 $1.62 $8.48 
and erectIon 

051 -250-0700 134 Wide flange , A36 steel, W10x22, incl. bolts 600 SF $10.00 $2.41 $1 62 $14.93 
and ere-::;t ion 

051-250-1100 134 Wide flange , A36 steel , W12x14, incl. bolts 880 SF $6.95 $1 .64 $1 .10 $9.69 
and erection 

051-250-3500 134 Wide flange, A36 steel, W18x40, incl. bolts 900 SF $19.80 $2.19 $1 .16 $23.15 
and erectIon 

051-250-4700 134 Wide flange , A36 steel , W21x68, incl. bolts 1036 SF $32.00 $2.02 $1 .07 $35.09 
and erecllon 

CE3-104-:U:O 140 Open type, 1.5" deep galvanized steel deck, 3700 SF $1 .45 $0.23 $0.03 $1 .71 
16 ga., under ~ CSF 

Wateroroofi no 
Code Pag e # Oescri12tion of Activ1ty Out12ut Un1ts Material Labor ~ Total 

071-104-Qfil) 167 Membrane waterproo fing on slabs, 3 ply, felt 2100 SF $0.33 $053 $007 W93 

071-922-0000 168 .006' Polyeth1lene vapor barrier, standard 37 Sq $4.00 S5.15 $0.00 $9.15 

Drvwalls & Parti tions 
Code Pa ge # D escriot ion of Act iv ity Out12ut Un its Material Labor ~ Total 

095-106-001 O 237 Complete suspended ceiling, mineral fiber 380 - SF $1.10 $0.~ $0.00 $1 .€0 
panels, T-bar suspension, 2 x 4 x .625 bds. . 

002-612-2100 231 Metal studs, drywal, 10 h1gh, NLB galvanized (5f20 SF ) / $0.18 $0.37 $0.00 $0.55 
25 ga. studs, 1.625",@ 24" O.C. 

.• -

,:, ¡, ,\, ,11 

Fireoroofina 
u, .. 

; , 1""1 -Code Page # Descri12tion of A::tivity Out12·~ .. 'tfn1ts M aterial La bor ~ Total 

072-554-0400 15!:;i Sprayed mineral or cementrtious fiber for 1~ SF $0.36 $0.33 $0.17 S086 
fireproofing beams 

072-554-0500 155 Sprayed mineral or cementit1ous fiber for 1250 SF $0.37 $0.40 $0.20 $0.97 
fireproofing corrugated or flutted steel decks 

072-554-0700 155 Sprayed mineral or cementitious fiber for 1100 SF $0.41 $0.45 $0.23 $1 .09 
fireproofing columns to 1 .125' thick 

072-554-0050 155 For tamping, add 10% SF 

072-554-0nJ 155 For canvas protect1on, add ~ SF $0.05 $010 $0.05 $020 
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Chapter 7 . 1 . 3 Cost Estimate for Steel Design 

The cost estimate follows a straightfoNvard approach defined by the previous two 

sections, quantities are all tabulated by leve! and then multiplied by their respective unit prices. 

Sorne specifications entitled the estimator to suggest the item best suited for the purpose of 

construction. Such cases were interior walls, insulation, concrete placing, curing, and finishing. 

For each case tl1e following suggestions were made: 

• Interior walls are 5/s" gypsum drywall panels over aluminum studs. 

• lnsulation is provided by a vermiculite concrete fill inside the cores of the concrete blocks 

and 6" board inserts between the wall and the drywall giving the wall a heat loss rating of 

R-41 .6 

• Concrete placing applies to eé1ch individual case, whereas curing is achieved with a 

sprayed membrane curing compound and ali finishes are float finishes. 

• Also, all concrete used is 4500 psi concrete, in compliance with design requirements. This 

suggestion, in no way, alters the loading criterion of the structure because a safety factor 

for this was included in the design calculations. 

• A number of factors were used to make the national average prices equal to Worcester 

prices. These factors were obtained from page 523 of Means Construction Costs Data 

1994. 
I 

. . . ·-· . . ,, .. .. . 

_ ·····----·-J;ost Factc;,rs for the City o Worc~s ter in 1994 {R· 5~31_ · / ---------
Division Factor Division B Lt F.actor 

__ 2.• _Sit9-~ 9r~---- •·•·--··-·· ______________________ 1 . 061 _______ 4 · .. Masonry ________ ~----·-···-··-- . i., -~ '"' ~ __ 1 ._3_1_9 ... __ 
3.1 Formwork 1.236 5. Metals 1.120 
3.2 Reinforcement 1.345 7. Thermal & Moisture Prot. 1.163 ·-·· . . .. --· ···-·. . . . ......... ------ ....... ·· ·-·· ..... ' ... ·- ................... ·----•·--~---··· ··-··· ··-··· ······ -

3.3 Cast in Place 1.149 9.2 Gypsum, Lather & Plaster 1.223 
3. Concrete 1.211 9.5Accoustical Elements 1.169 

tJ According to Table 11-10, on page 214 of t=stimating Home Building Costs by W.P. Jackson, 6" 
blankets provide an R-19 and 6" Cellulosic Fiber fill provides an R-22, adding up toan R-41 for the entire 
wall. 

- -- -- ~--•-- M_ 
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These factors were included into the unit prices of each activity, along with an 8% 

allowance for contractor's profit. Also, upan consultation with Dr. Guillermo Salazar, a $2,so·o 

weekly overhead ($10,000/month) fee was used in totalling the cost of the project. 

In order to determine the time cost of money, a very important factor because of the 

considerable differences in the schedules of both designs, an analyst from the Banl< of Boston 

was contacted and an interest rate of 11 % annually was determine~ and to be computed over 

the total balance every two week payment period. The purpose of all these factors is to adjust 
t 

the total cost of both designs accordingly and, therefore, mal<e a comparison a reliable, 

feasible and accurate one. 

Chapter 7. 1 . 3 . 1 Cost Report for Structura/ Stee/ Design by Activity 

. _., . 

11( 
...., , 

Activ:ty Quantitv Output Duration Unit Price ,Z~st \ '-

Excavation for Footings 396.5 200 1.98 $7.48 $2,966.85 

Forming for Footings 1522.7 414 3.68 $3.11 ·¡p_ llfüCA r $4,735.63 

Reinforcing for Footings 17.3 29 0.60 $39.87 c~ron $689.82 

Pouring of Concrete for Footings 154.9 110 1.41 $11.10 --- $1,719.70 

Curing of Concrete for Footings 15.9 95 0.17 $6.87 $109.03 

Backfill for Footings 172.7 400 0.43 $16.20 $2,798.23 

Disposal for Footings 279.7 96 2.91 $7.78 $2, 176.G7 

Erection of 8x24 Basement Columns 30.9 1080 0.03 $17.10 $528.39 

Erection of 1 Ox68 Basement Columns 146.8 984 0.15 $43 .50 $6,384.93 

Gravel Base Course 5559.6 8600 0.65 $0.37 $2,038 .60 

Vapor Barrier for Basement Slab 51 .0 37 1.38 $11.49 $585.53 

Edge Forming for Basement Slab 363.3 600 0.61 $2.04 $741 .99 

Reinforcing for Basement Slab 52.8 29 1.82 $39.87 $2,105 .93 

Pouring for Basement Slab 103.7 165 0.63 $7.77 $805.59 

Curing for Basement Slab 48.6 95 0.51 $6.86 $333.71 

Float Finishing for Basement Slab 4633.0 725 6.39 $0.35 $1,636 .04 

Fireproof Basement Columns 72.4 6100 0.01 $1.45 $104.99 

Canvas Protection for Basement Floor 72.4 5400 0.01 $0.25 $18.10 

Erection of Basement Exterior Wall 3287.0 340 9.67 $8.17 $26,839.22 

lnsertion of lnsulation for Basement Wall 3451.4 2400 1.44 $0.55 $1,898.27 

Erection of Basc;-nent lnner Wall 3451.4 520 6 .64 $0.73 $2,507 .28 

Erection of First Floor 21 x68 Girders 601 .0 1036 0.58 $42.44 $25,506.86 

------
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Erect1on of F1rst Floor 6x9 Beams 43 3 600 O 07 $10 26 $44 3. 85 

Erection of First Floor 1 Ox22 Beams 295.6 660 0.45 $ 18.06 $5,338 .34 

Erection of First Floor 12x14 Beams 68 .0 880 O 08 $11 .72 $796 .64 

Erection of F1rst Floor Metal Oeck 4864.7 3700 1. 31 $2.07 $ 10 ,062, 12 

Weld1ng of First Floor Metal Oeck 195 .6 19 10.30 $20.76 $4 ,060 86 

Edge Form,ng for First Floor Slab 363.3 360 1 01 $3.74 $ 1,356 96 

Reinforcing for First Floor Slab Halls 7 .5 25 0.30 $63.04 $475 .32 

Reinforcing for First Floor Slab Rooms 41 .1 27 1.52 $47.79 $1,964 .17 

Pouring First Floor Slab 56.5 130 0.43 $18.43 $ 1,040.37 

Curing First Floor Slab 48 .6 95 0.51 $6 .86 $333.7 1 

Float Finish of First Floor Slab 4633 .0 725 6 .39 $0.35 $ 1,636 .04 

Erection of First Floor Scaffold1ng 35.2 16 8 2.09 $81 .91 $2 ,88 1.32 

Fireproof First Floor Beams & G1rders 570.6 6650 0.09 $1 .19 $679.04 

Erection of Basement Ceil1ng 4864 .7 540 9.01 $2.11 $10 ,280.68 

Erection of First Floor Exterior Wall 3287.0 340 9.67 $8.17 $26, 839.22 

lnsertion of lnsulation for First Floor Wall 3451.4 2400 1.44 $0.55 $1, 898 .27 

Erect ion of First Floor lnner Wall 3451.4 520 6 .64 $0.73 $2 ,507 .28 

Erect ion of First Floor 8x24 Columns 41 .2 1080 0.04 $17.10 $704 .52 

Erection of First Floor 1 Ox68 Columns 195.7 984 0.20 $43 .50 $8,512 .95 

Fireproof First Floor Columns 96.6 6100 0.02 $1 .35 $130.34 

Canvas Protection for First Floor 667.2 5400 0.12 $0.25 $166.80 

Erection of Second Floor 21 x68 Girders 601 .0 1036 0.58 $42.44 $25,506 .86 

Erection of Second Floor 6x9 Beams 43 .3 600 0.07 $10.26 $443.85 

Splicing for Second Floor Columns 295.6 660 0.45 $18.06 $5 ,338.34 

Erection of Second Floor 12x14 Beams 68.0 880 0.08 $11 .72 $796.64 

Erection of Second Floor Metal Oeck 4864 .7 3700 1.31 $2.07 $10,062.12 

Welding of Second Floor Metal Deck 195.6 19 10.30 $20.76 $4,060.86 

Edge Forming for Second Floor Slab 363.3 360 1.01 $3. 74 -:~ . $1,356 .96 

Reinforc ing for Second Floor Slab Halls 7.5 25 0.30 $63.04 ;. .,--*~·\. $475.32 

Reinforcing for Second Floor Slab Rooms 41.1 27 1.52 $47.79 1 1- 7 1 1 
' -~ J 1 

$1,964.17 

Pouring Second Floor Slab 56.5 130 0.43 $18.43 , ·- j)j $1,040 .37 

Curing Second Floor Slab 48.6 95 0.51 $6.86 :.: $333 .71 

Float Fin ish of Second Floor Slab 4633 .0 725 6 .39 $0.3~ BllílTff! hl, s1,636.o4 
Erection of Second Floor Scaffold ing 35.2 16.8 2 09 $81 .91 'e: ~DO $2,881 .32 

Fireproof Second Floor Beams & Girders 570.6 6650 0.09 $1 .19 $679 04 

Erect ion of First Floor Ceiling 4864.7 540 9.01 $2.11 $10 ,280.68 

Erect ion of Sccond Floor Exterior Wall 3287.0 340 9.67 $8.17 $26,839.22 

lnsert1on of lnsulation for Second Floor Wall 3451.4 2400 1.44 $0.55 $1,898.27 

Erection of Second Floor lnner Wall 3451.4 520 6 .64 $0.73 $2,507 .28 

Erect ion of Second Floor 8x24 Columns 41 .2 1080 0.04 $17.10 $704 .52 

Erection of Second Floor 1 Ox68 Columns 195.7 984 0.20 $43.50 $8 ,512.95 

Fireproof Second Floor Columns 96.6 6100 0.02 $1 .35 $130 34 

Canvas Protection for Second Floor 667 .2 5400 0.12 $0.25 $166 .80 

Erection of Th1 rd Floor 2 1x68 Girders 601 .0 1036 0.58 $42.44 $25,506 .86 

Erect ion of Th1rd Floor 6x9 Beams 43.3 600 0.07 $10.26 $443.85 

Erection of Thi rd Floor 1 Ox22 Beams 295.6 660 0.45 $18.06 $5,338.34 

Erection of Th iíd Floor 12x14 Beams 68.0 880 0.08 $11 .72 $796 .64 

Erection of Th1 rd Floor Metal Oeck 4864.7 3700 1.31 $2.07 $10,062.12 

- ---~ ·- - ---- - -· -.. •-.,.~,,_ .. ...,..,,,~~ 
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1 
Welding of Th1rd Floor Metal Deck 195.6 19 10.30 $20 76 $4 ,060 8l3 
Edge Form1ng for Th1 rd Floor Slab 363.3 360 1 01 $3.74 $1,356 96 
Reinforcing for Th1rd Floor Slab Halls 7 5 25 O 30 $63 04 $475 .32 

Reinforcing for Th1rd Floor Slab Rooms 41 .1 27 1.52 $47.79 $1,964 .1 T 

Pouring Th1rd Floor Slab 56.5 130 0.43 $18.43 $1,040 .37 

Curing Th1rd Floor Slab 48 6 95 0.51 $6 86 $333.71 

Float Finish of Th 1rd Floor Slab 4633 .0 725 6.39 $0.35 $1,63604 

Erection of Th1rd Floor Scaffolding 35 2 16.8 2.09 $81 .91 $2,881 32 

Fireproof Th1rd Floor Beams & Girders 570 .6 6650 0.09 $ 1 19 $679.04 

Erection of Second Floor Ceiling 4864 .7 540 9.01 $2.11 $10,280.68 

Erection of Third Floor Exterior Wall 3287.0 340 9.67 $8. 17 $26,839.22 
lnsertion cf lnsulat1on for Third Floor Wall 3451 4 2400 1.44 $0.55 $1,898 .27 

Erection of Third Floor lnner Wall 3451.4 520 6.64 $0.73 $2,507 28 

Erection of Third Floor 8x24 Columns 43.3 1080 0.04 $17.10 $739 .75 

Erection of Third Floor 10x68 Columns 205.5 984 0.21 $43.50 $8,938 .82 

Fireproof Thi rd Floor Columns 96.6 6 100 0.02 :>.$1 .35 $130.34 

Canvas Protect1on for Third Floor 667.2 5400 0 .12 $0.25 $166.80 

Erection of Roof Floor 18x40 Girders 612.9 960 0.64 $28 .00 $17,159.80 

Erection of Roof Floor 6x9 Beams 43.3 600 0.07 $10.26 $443.85 

Erection of Roof Floor 1 Ox22 Beams 295.6 660 045 $18.06 $5,338.34 

Erection of Roof Floor Metal Deck 4864 .7 3700 1.31 $2.07 $10,062.12 

Welding of Roof Floor Metal Deck 195.6 19 10.30 $20.76 $4 ,060.86 
--

Edge Forming for Roof Floor Slab 363.3 360 1 01 $3.74 $1,356.96 

Reinforcing for Roof Floor Slab 52.8 29 1.82 $39.89 $2,105.93 

Pouring Roof Floor Slab 73.0 130 0.56 $18.43 -- -::. ,$1,344 .84 
Curing Roof Floor Slab 48.6 95 0.51 $6.86 ¡ ~(~ ''$333.71 

Float Finish of Roof Floor Slab 4633.0 725 6 .39 $0.35 , 1 .fil. 
' \ 

; $,;1,',636 04 

Erection of Third Floor Cetling 4864.7 540 9.01 ~~-1 1 •. \,:í'$tb,280.68 

Waterproof Membrane over Roof Slab 5096.3 2100 2.43 $1 .17 _ ,---" ~5,,¡~53 07 
Fireproof Roof Floor Beams & Girders 477.8 6650 0 .07 $1.19 u1Ulllilt1.1~ fl$568 62 

Fireproof Roof Floor Metal Deck 4864.7 6375 0 .76 $1.29 t~ ; U fi,278 60 

Canvas Protection for Roof 5342.5 5400 0.99 $0.25 $1,335 .63 

ldle Materials 

4500 psi Concrete Ready Mix 500.9 $70.98 $35,553 .88 

1 :3 Mix Ratio Masonry Mortar 876 .5 $5.56 $4,873 .23 

Sub-Total $493,718.16 

Job Overhead $29,700.00 

GRAND TOTAL $523,418.16 

1 
_____ ,. - ----:. """ -• ~ ~--~--- ---= ------ ----:• •• r- :" -• -

4 ·•r~~.,¡t-: 
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Chapter 7. 1 . 3. 2 Cost Report of Structural Steel Design by Subdivision 

ltem Description 
Code 
Division 1: General Requirement& 

Subdlvlslon 1.1: Overhcad 

1 .101 Job Overhead 

Dlvlslon 2: Sltework 

Subdlvlslon 2.1: Sitework 

2.101 Structural Excavation with a Backhoe 

2.102 

2.103 

2.104 

Backfill with 10% Compaction 

Disposal of Waste Material Usmg Durnp Trucks 

Gravel Fill Under Slab 

Divislon 3: Concrete 

Subclivision 3.1: Formwork 

3.105 

3.106 

3.107 

Forms for Spread Footings 

Edge Forms Under T for Slabs on Grade 

Sheet Metal Edge Closure Form 

Subcllvlslon 3.2: Relnforcement 

3.203 WWF 6x6-#6/6 (W2.9xW2.9) 

3.204 WWF 6x6-#4/4 (W4xW4) 

3.205 WWF 4x4-#4/4 (W4xW4) 

Subclivision 3.3: Concrete in Place 

3.3:>1 Concrete Ready Mix 450'.)psi , High Early Strength 

3.3:>3 Placing Concrete on Elevated Slabs o· to 10' 

3.304 Placing Concrete over Spread Footings 

3.305 Placing Concrete on Slab on Grade 

Subdivlslon 3.4: Mlscellaneous 

3.401 Float Finishing Floors 

3.404 Concrete Curing witt-i Sprayed Compound 

Quantity Unit Unit Price 

2 .75 MONTH $10,800.00 

Overhead = 

Division 1: General Requirements = 

396.50 CY 

172.73 CY 

279.71 CY 

5,569.00 SF 

1,522.71 SFCA 

363.30 LF 

1,453.20 LF 

122.92 CSF 

123.30 CSF 

22.62 CSF 

500.90 CY 

242.32 CY 

154.90 CY 

103.68 CY 

$7.48 

$16.20 

$7.78 

$0.37 

Sitework = 

$3.11 

$2.04 

$3.74 

Formwork = 

$39.88 

$47.79 

$63.04 

Reinforcement = 

$70.96 

$18.43 

$11 .10 

$7.77 

Concrete In Place = 

23,165.00 SF $0.35 

258.95 CSF $6.86 

Concrete In Place = 
Dlvlslon 3: Concrete= 

Total Price 

L1BllOHCA FIL! 
ESPO 

$29,70000 

$29,700 .00 

$29,700.00 

$2,966.85 

$2,798.23 

$2 ,17607 

$2,038.00 

$9,979.75 

$4,735.63 

$741 .99 

$5,427.84 

$10,905.46 

$4,901 .68 

$5,892.51 

$1 ,425.96 

$12,220.16 

$35,553.88 

$4,465.96 

$1,719.70 

$8<l5.59 

$42,545.13 

$8,180.20 

$1,777.58 

$9,957.78 

$76,628.53 



Dlvlslon 4: Masonry 

Subdlvlc lon 4.1: Mort;i r 

4.101 Mortar w1th Masonry Cernen! , 1 3 Mix 

Subdlvlslon 4.2: Concrete Blocks 

4.201 Simulated Brick Concrete Blocks 8"x16''x8" 

Subdlvls!on 4.3: Mlscellaneous 

4.301 Tubular Scaffolding far Wall Erection 

Division 5: Metals 

Subdlvision 5.1: W Shaped Columns 

5.101 W 8x24 Columns w1th 3% far Connections 

5.102 W10x68 Columns wrth 3% Connect1ons 

Subdivlsion 5.2: W Shaped Members 

5.201 W 6X9 Beams with 3% Connections 

5.202 W 10x22 Beams with 3% Connections 

5.203 W 12x14 Beams with 3% Connections 

5.204 W 18x40 Girders with 3% Connections 

5.2a5 W 21x68 Girders with 3% Connect,ons 

Subdlvlsion 5.3: Metal Decklng 

5.301 Open Type Metal Deck, 1.5"' Deep, 16 Gauge 

Subdlvlsion 5.4: Connections 

5.401 Continuous Filie! Welding of Deck 

Dlvlslon 7: Thennal & Moisture Protection 

Subdlvlslon 7 .1 lnsulators 

7.101 Masonry lnsulation Poured in Block Cores 

--- ~.-

Dlvision 3: Concrete= 

876 48 CF 

13,148.00 SF 

105.53 C.SF 

$556 

Mortar = 

$8.17 

Concrete Blocks = 

$81 .91 

Miscellaneous = 
Dlvision 4: Masonry = 

156.56 LF 

743.67 LF 

$17.10 

$43.50 

W Shaped Columns = 

17304 LF $10.26 

1,182.40 LF $18.06 

203.00 LF $11.72 

612.85 LF $28.00 

1,80303 LF $42.44 

W Shaped Members = 

19,458.00 SF 

782.44 LF 

13,805.40 SF 

- -~- - -~ 

$2.07 

Metal Decking = 

$20.76 

Connectlons = 

Dlvlsion 5: Metals = 

$0.55 

lnsulators = 

7-19 

$75,628.53 

$4,873 23 

$4,873.23 

$107,356.89 

$107,356.89 

$8,643.96 

$8,643.96 

$120,874.08 

$2,677.18 

$1,775.40 

B.B ... CfECr½ t ,21,3S..~.35 

ES $2,389.92 
$17,159.80 

$76,520.59 

$119,199.06 

$40,248.48 

$40,248.48 

$16,243.44 

$16,243.44 

$210,717.81 

$7,593.08 

$7,593.08 

. . .......... ,.... __ .........._,._~_ - -
-•~ •• I 



Subdlvlsion 7.2 : Flreprooflng 

7 201 Sprayed Fireproofing ro, Be;ims & Girders 

7 202 Sprayed Fireproofing for Columns 

7.203 Sprayed Fireproofing ror Metal Deck 

7 204 Canvas Proteclion 

Subdlvlsion 7.3: Waterproofing 

7.301 Membrane Waterproofing 

7.302 Polyethylene Vapor Bamer 

Dlvislon 9: Gypsum & Lather 

Subdivlsion 9.1 Gypsum 

9.101 10' High Drywall wrth Aluminum Studs 

9.102 Suspended Ceiling, T Bar Shaped Suspension 

2,189.69 SF 

36206 SF 

4,864.70 SF 

7,416.45 SF 

$1 .19 

$1.37 

$1 .29 

$0.25 

Flrcproofing = 

5,096.30 SF 

50.96 Sq. 

$1 .17 

$11 .49 

Watcrproofing = 

Divlslon 7: Thermal & Moist. Prot. = 

13,8a5.40 SF 

19,458.€0 SF 

$0.73 

$2.11 

Gypsum= 

Division 9: Gypsum & Lather = 

•-md Totar•• = 
1-Í 
1 
\ . 
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$2,6a5 74 

$496 02 

$6,278 60 

$1 ,854.13 

$11,234.49 

$5,953.07 

$585.53 

$6,538.60 

$25,366.17 

$10,029.10 

$41,122.72 

$51,151.82 

$51,151.82 
'· 

$523,418.16 
/. 

BiBUOHLA ~ 
o 

Chapter 7. 1 . 3 . 3 Cost Report of Structura/ Steel Design by Division 

Code Descríption Total Cost Profit Total Prlce Percentaqe 
1 General Requirements $27,500.00 $2,200.00 $29 ,700.00 5.67% 

2 Sitework $9,240.51 $739.24 $9,979.75 1.91% 

3 Concrete $70,026.42 $5,602.11 $75,628.53 14.45% 

4 Masonry $111,920.44 $8,953.64 $120,874.08 23.09% 

5 Metals $195,109.08 $15,608.73 $210,717.81 40.26% 

7 Thermal & Moisture Prot. $23,487.19 $1,878.98 $25,366.17 4 .85% 

9 Gypsum & Lather $47,362.80 $3,789.02 $51,151 .82 9.77% 

*ºBid Total*** $484,646.44 $38,771.72 $523,418.16 100.00% 

----==---==- -~ -
- - --~ --

.. -
--~. 
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Chapter 7. 1 . 3 . 4 Cost Report for Structural Steel Design by Budget 

Code Descriptíon Total Cost Profít Total Price Percentage 
o Off1ce Expenses $27,500.00 $2,200 00 $29,700 .00 
1 Materials $302,443.61 $24 ,195.49 $326,639.10 

2 Labor $133,956. 52 $10,716.52 $144,673 .04 

3 Equipment $20,746.31 $1,659.70 $22,406.01 

*ºBid Total*** $484,646.44 $38,771.72 $523,418.16 

Chapter 7. 1. 3. 5 Cost Report for Structural Stee/ Design by ltem 

Code Description 
1.101 Job Overhead 

2.101 Structural Excavat1on with a Backhoe 

2.102 Backfill with 10% Compaction 

2.103 Disposal of Waste Material Us,ng Dump Trucks 

2.104 Gravel Fill Under Slab 

3.105 Forms for Spread Foot1ngs 

3.106 Ed9e Forms Under T' for Slabs en Grade 

3.107 Sheet Metal Edge Closure Form 

3.203 WWF 6x6-#6/6 (W2.9xW2.9) 

3.204 WWF 6x6-#4/4 (W4xW4) 

3.205 WWF 4x4-#4/4 (W4xW4) 

3.301 Concrete Ready Mix 4500ps1, High Early Strength 

3.n3 Plac..,ng Concrele on Elevated Slabs 6' to 10" 

3.304 Plac,ng Concrete over Spread Footings 

3.3C6 Placing Concrete on Slab on Grade 

3.401 Float Finishing Floors 

3.404 Concrete Curtng w1th Sprayed Compound 

4.101 Mortar w1th Masonry Cement, 1 :3 Mix 

4.201 Simulated Brick Concrete Blocks 8"x16'x8 .. 

4.301 Tubular Scaffolding for Wall Erect,on 

5.101 W 8x24 Columns w1th 3% for Connections 

5.102 W10x68 Columns wrth 3% Connectrons 

5.201 W 6x9 Beams w1th 3% Conneclions 

5.202 W 10x22 Beams w1th 3% Connectrons • 

5.203 W 12x14 Beams w1tt1 3% Connectrons 

5.204 W 18x40 Girders w1th 3% Connect1ons 

5.205 W 21x68 Girders wrth 3% Connectrons 

Total Cost Profi~: 1 
$27,500.00 $2,376~ 1,, 

$2,747.00 $237.35 

$2 ,500.95 $223 86 

$2,014.88 $17400 

$1,887.59 $16300 

$4,384.84 $378.85 

¡,65703 $59.36 

$5,025.78 $434 23 

$4,538.60 $392.13 

$5,45603 $471 .40 

$1 ,320.34 $11408 

$32,920.26 $2,844.31 

$4, 135.15 $357.28 

$1 ,592.31 $137 58 

$745.92 $64.45 

$7,574.26 $65442 

$1,645.91 $142.21 

$4,512.25 $38986 

$99,404.53 $8,5138 .55 

$8,003.67 $691 .52 

$2,478.87 $21417 

$29,953.38 $2,587.97 

$1,643.89 $142.03 

$19,77i.62 $1,700.27 

$2,212.89 $191.19 

$15,888.70 $1 ,372.78 

$70,85240 $6,121 .65 

1 
•/ ., 

11 iTotal[J?rice 

I> -~ ~ .700.00 

$2,966.85 

$2,798.23 

$2,176.07 

$2,038.00 

$4,735.63 

$741 .99 

$5,427.84 

$4,001 .68 

$5,892.51 

$1,425.96 

$35,553.88 

$4,465.96 

$1,719.70 

$805.59 

·• $8,180.20 

$1 ,777.58 

$4,873.23 

$107,356.89 

$8,643.96 

$2,677.18 

$32,349.65 

$1,775.40 

$21 ,353.36 

$2,389.92 

$17,159.80 

$76,520.59 

5.67% 
62.41% 
27 .64% 

4 .28% 

100.00% 

Percentaqe 
5.67% 

0.57% 

053% 

0.~2% 

0 .39% 

0 .00% 

0 .14% 

1.04% 

0 .94% 

1.13% 

0 .27% 

6.79% 

O.o5'lb 

0 .33% 

015% 

1.56% 

0 .34% 

0 .93% 

20.51% 

1.65% 

0 .51% 

6.18% 

0.34% 

4.08% 

0 .46% 

3.28% 

1462% 
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5 301 Or e:n l ype Metal Deck , 1 S" Oet>p, 16 Gaugc $37,::'6711 SJ,21988 $•~,2-18 4-3 7 d:l''<> 

5401 Cont,nuous F1llet Welding of Oeck $15,040 22 $1,299 48 ,$16,2·~ 44 310% 

7.101 Masonry lnsulat,on Poured 1n Block Cores $7,030 63 $007:15 $1 ,593 08 1 '45% 

7.201 Sprayed F1reproofíng far Beams & Girders $2,412.72 $208.46 . $2,605 74 050% 

7 2Q2 Sprayed F1reproofing far Cclumns $459 28 $39.68 $,l9G.02 000% 

7203 Sprayed Fireproof1ng for Metal Deck $5,813 S2 S-,9)2 29 $6,27800 1 20% 

7.204 Canvas Protection $1,716.78 $148 33 $1,854.13 0 .35% 

7.301 Membrane Waterproofing $5,512.10 $476 25 $5,953.07 1.14% 

7.302 Polyethytene Vapor Bamer $542.16 $4684 $585.53 0 .11 % 

9 .101 1a H1gh Drywall w1th Aluminum Studs $9,286.20 $802.33 $10,029.10 1.92% 

9.102 Suspended Ce11ing , T Bar Shaped Suspens1on $38,076.59 SJ,289.82 $41 ,122.72 7.86% 

... Bid Total*** $484,646.44 $41, 873.45 $523,41 8.16 100.00% 

Chapter 7 . 1 . 3 . 6 Cost Report for Structural Stee/ Design by Floor Leve/ 

Code Descriptíon Total Cost Profít Total Príce Péicentage 
1 I r \ \ 

1 Foundations $24,242 .11 $1,939.37 $26,181.48 );$. 30% 
·" 2 Basement Floor $60,543.72 $4,843.50 $65,387.22 ~ 13.24 % 

3 First Floor $104 ,492.19 $8,359.38 $1 12,85156 , ~~ 86% 
4 Second Floor $104,492.19 $8,359 38 $112,851 .58 "~ TL f. 186% 

5 Third Floor $104,919.13 $8,393.53 $113,312.66 : p .95% 

6 Roof Floor $58,457.11 $4,676 57 $63,133.68 12.79% 

***Bid Total*** $457,146.44 $36,571 .72 $493,718.16 100.00% 
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Chapter 7 . 2 Reinforced Concrete De ign 

· The second design method used was a reinforced concrete design. The changes in 

methodology for the concrete estímate are very little because the same dimensions and floor 

levels were used from the steel design. However, the changes that did happen will be 

addressed in their respective sections. 

Chapter 7 . 2 . 1 Quantity Tal<e-Off 

Almost everything follows unchanged from the previous section except, slab thickness 

at the upper leve Is which now becomes 6. 75" . 8P.cause heating is a major issue in a college 

dormitory and its operational cost, we decided to maintain the exterior walls in both designs 

equal to simplify the issue. We repeated the concept of using 8" sirnulated brick concrete 

blocks with vermiculite insulated cores, 6" insulating board inserts, and a gypsum drywall over 

aluminum studs7
. 

lt turns out, that by doing this we do not utilize the natural ability of concrete to act as 

an insulator by itself but, on the other hand, we shortened the schedule and reduced cost 

because a 2' concrete wall or concrete block wall is more expensive and requires more time to 

construct. 

The prices used in the concrete estimate are already discussed in the previous 

section8
• Therefore, we will skip that section and move on to the estimated cost for the 

reinforced. concrete design. 

7 Design calculat ions were made assuming 2' of wall to be present. By selecting the mentioned system 
we only use ab0ut 18 to 20 inches of the allowed 24 inches, therefore complying with both design 
requirements. 
8 See section 7 .1.2 Prices for Activities from Mea ns Construction Cost Data 1994. 
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The columns in the concrete design were originally specified as 8" by 8", but after 

review using the F.R.A.M.E. program they were changed to 10" by 10". This change is 

reflected in the estímate respectively. 

Chapter 7. 2 . 1 . 1 Quantities for Foundations Leve/ 

~ (,., 1 
Excavation No. of Length Width (FT} De12th {FT} Shoring Vol tJme Total fCY} 

Footinas (FT) /CYl 
Comer Columns 5 7.00 7.00 4.00 14 51! , 1 11 726 T 5081 
E-W Exterior Columns 2 8.00 8 .00 4 .00 7.SfJ '~ .. , 9 .~ • 26.55 
Interior Colurnns 5 12.50 12.50 5 .00 5787F! 28.94 202.55 
N-S Exterior Columns 9 8.00 8 .00 400 34 13 948 11 947 
Elevator Columns 1 10.50 10.50 4.00 653 16.33 22.87 
Totals 22 46.00 46.00 21.00 120.64 71 .49 422.24 

Concrete for Footings No. o f Lenqth Width {FT} DeQth {FT} Waste Volume Total {CY } 
Footings (FT) (CYl 

Comer Colurnns 5 6.00 6.00 1.50 1.10 2.00 11 .10 
E-W Exterior Columns 2 700 7.00 1.75 070 3.18 7.05 
Interior Columns 5 11 .50 11 50 3.00 8 .00 14.69 81 55 
N-S Exterior Columns 9 700 7.00 1.75 3.14 3.18 31.73 
Elevator Columns 1 9.50 9.50 2.50 0 .92 8 .36 9.28 
Totals 22 41.00 41 .00 10.50 13.94 31.40 140.71 

Concrete for Colum n No. of Length Width {FT} DeQth {FT} Factor {CF Volume Total {CY} 
Rests Rests /FTl to CYl /CYl 
Comer Columns 5 1.67 1.67 250 0 .14 0 .26 1.43 
E-W Exterior Columns 2 1.67 1.67 2.25 0 .05 0 .23 051 
Interior Columns 10 1.67 1.67 2.00 0.23 0 .21 2.28 
N-S Exterior Columns 9 1.67 1.67 2.25 0 .23 0 .23 2.31 
Elevator Columns 4 1.67 1.67 1.50 0 .07 0 .15 0 .69 

Totals 30 8.33 6.33 10.50 0.72 1.08 7.22 

Backfill Material No. of Excavation Footings Column Sub-Total Total {CY} 
Footinas (CYl (CYl Rests (CYl (CYl 

Comer Colurnns 5 7.26 1.82 023 5.21 2604 
E-W Exterior Columns 2 9.48 2.89 0 .21 - 6.38 12.77 
Interior Columns 5 28.94 13.36 0 .19 15.39 76.So 
N-S Exterior Columns 9 - 9.48 2.58 0.21 6.38 57.45 
Elevator Columns 1 16.33 760 0 .14 8.60 8 60 

Totals 22 71.49 28.55 0.98 41.96 181.80 
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Edge Form work ~ 11 o f L ength Width Peri m et er Q_g_pth Linear To tal 
Footing s (FT) {FT) {FT) {FT} .Foo t agc {FT} SFC6 

Comer Columns 4 Use 5 600 GOO 2·100 1 - J t::'600 10900 
E-W Exterior Columns 4 Use 2 700 7 00 2800 1 "i5 5880 11 7 60 
Interior Columns 4 Use 5 11 50 11 50 ,1600 300 241 50 1 ::'O, :'O 
N-S Exterior Colurnns 4 Use 9 700 7 00 ::'8 00 1.75 26460 233 1 40 
Elevator Columns 4 Use 1 950 950 33 00 250 3900 39 SO 
Totals 22 41.00 41.00 164. 00 10.50 730.80 3935.40 

Steel Re inforcement ~ Size # of Leng tti {FT) Width {FT} Area {SF} T ota l Are a 
Footings {CS F) 

Comer Columns Wlre Mesh 66-66 5 6 00 600 42 48 2. 12 
E-W Exterior Colurnns Wlre Mesh 66-66 2 7.00 7.00 5782 1 16 
Interior Columns W lre Mesh 66-66 5 11 50 11 50 15606 7.80 
N-S Exterior Columns W lre Mesh 66-66 9 7.00 700 57.82 5.20 
Elevator Columns Wlre Mesh 66-66 1 9.50 9.50 106.50 1.06 

Tota l s 22 41 .00 41 .00 420.67 17.35 

Chapter 7. 2 . 1 . 2 Quantítíes for Basement Leve/ 

Gravc l F ill & Vapor Length {FT} Widt h {FT} Area {SF) Area {CSF } 
Barr ier n r l tir.1 
Ma1n Secllon 8700 51.00 532440 IJh.i •• - 48.8 1 -
Elevator Sect,on 7 00 ? P, (Y) 235.20 J-. :-~. J 1- 2.16 

Totals 94.00 79.00 5559.60 50.96 

Form s , Rei nforcement L e ngth Width (FT) Peri m et e r Area (SF} Area 1 Depth (FT) Volume 
1 & ConcretP {FT) (FT) tr.SF\ 1r.v1 

~ 1 -'-"-'-4 

Main Section 87.00 5 1.00 281.10 5058. 18 50.58 0 .50 9929 
Elevator Sect1on 7.00 28.00 72.80 223.44 2.23 0 .50 4 .39 

Totals 94.00 79.00 353 .90 5281.62 52.82 1.00 103.68 

Colum n s ~ Quant itll Width Size (FT) Area (SF) Concret e Peri meter Area 
(FT) (CY) ILFl (SFCA ) 

Comer Columns 10x10 5 0.83 7.50 347 1 14 3.33 131 25 
E-W Exterior Columns 10x10 2 0.83 7.50 1.39 0 .46 3.33 5L.50 
Interior Columns 12x12 10 1.00 7.50 10.00 3.28 4 00 31500 
N-S Exterior Columns 12x12 9 1.00 7 50 9.00 2.95 4.00 283.50 
Elevator Columns 10x10 - 4 0.83 7.50 2.78 0 91 3.33 10500 

Total s 30 26.64 8.73 18.00 887.25 

.~~----- ----- -- --- ~ 

_.,.., ~~ -... ., .... __ 
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Rein forcement far ~ Q u antitl{ B ars Qc r S ize o f B ;i rs Wt. o f O.i r s Wt. o f S t P. 1 
Column s Col u m n (FT} . {#/L F ) (TON~ 

Comer Colurnns No 6 5 4 6'...0 1 502 O l S 
E-W Exterior Colurnns No 6 2 4 8 S{) 1 5()¿ 0 00 
Interior Colur.,ns No 6 10 4 8 '.;O 1 502 O 29 
N-S Exterior Colurnns No 6 9 4 8 50 1 502 O :'6 
Elevator Colurnns No 6 4 4 8 t-0 1.502 0 12 

Total s 30 42.50 1.502 0.87 

Chap ter 7 . 2 . 1 . 3 Quantíties for Slabs & Columns on A li Leve/s 

Form s, Curing , Fin i s h, Length Width De pth S urface Pe ri m eter Concrete Surface 

and Concrete for S labs (FT} {FT) {FT} Area {SF} (ill Volu me (CY} Area {C S F} 

Main Sect,on 87 00 5 1 00 056 4658.85 289 .80 10482 44.37 
Elevator Sect1on 7.00 28.00 0 .56 205.80 73.50 463 1.96 

Tota l s 79 1.13 4864. 65 363.30 109.45 46.33 

Reinforc in g o f Floor & Roof I_yQg Quantitl{ Size (FT} Lengt h (FT} Wt. of B ar Total Wt. 

Slabs N..S Stri ps {#/LF) (TONS} 

Edc¡e Colurnn Strip No. 4 14 171 6 240.19 0 .668 0 00 
No. 4 18 22.50 4<:6.00 0 .668 0.15 
No. 4 5 6.00 30 00 0 .668 0.0 1 
No. 5 18 14.25 256.50 1.043 ,:",O 15 

Between Edge & Interior Columns No. 4 1-1 17.16 240.19 0 .668 I" ' Ó.00 

No. 4 22 22.50 495 00 o~ " , 0'.19 
No. 4 7 6.00 42 00 0.668 . .,0 .02 
No. 5 14 14 25 199.50 1.043 - -✓ 0.12 

Strip Along Lines B and C No. 4 26 17.16 446.06 o ~ Pl10 ff~ ¡:9¡ 17 

No. 4 8 6.00 4800 0658º- - 002 
No. 5 20 22.50 450.00 1.043 t:..::: 1• V 0.27 
No. 6 24 14 25 342 00 ,~ o ;¡q 

Strip Between Lines B and C No. 4 14 17.16 240.19 0 .668 0 .00 

No. 4 20 22.50 450.00 0 .668 0 .17 
No. 4 7 6.00 42.00 0 .668 0 .02 
No. 5 14 14 25 199.50 1.043 0 .12 

Totals 245 239.63 4126.1 3 1.97 

- ----

. ~-
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Reinforcing of Floor & ~ Quanti ty: Size {FT} Length {FT) Wt. of Bar Total Wt. 
Roof Sl abs E-W Stri ps {#/LF ) (TONS) 

Edge Column Stnps Along No. 4 24 13.33 319.95 0668 012 
Unes 1 and 4 

No 4 42 17 40 730 80 O G68 O 28 
No 4 00 17 40 104400 0668 o ,¡Q 

M1ddle Strlps Between Unes No. 4 40 13.33 533.25 0 .668 0 .20 
1,2 and 3,4 

No. 4 54 17.40 93900 0668 0.36 
No. 4 40 17.40 696 00 0.668 O 27 
No. 4 54 17.40 939.00 0668 0.36 

Column Strip Along Unes 2 and No. 4 14 13.33 186.64 0 .668 0 .07 
3 

No. 4 27 17.40 46980 0 668 018 
No. 4 35 17.40 600.00 0 668 0 .23 

Totals 390 161.79 6468.64 2.46 

First & Second Floor ~ Quantity: Width {FT} Size (FT} Area (SF} Concrete Area 
Columns /CYl (SFCA) 
Comer Columns 10x10 5 0 .83 1000 3.47 f.52 175.00 
E-W Exterior Columns 10x10 2 0 .83 1000 1.39 0 .61 7000 
Interior Columns 12x12 10 1.00 1000 1000 4.37 4:20.00 
N-S Exterior Columns 12x12 9 1.00 1000 9.00 3.93 378.00 
Elevator Columns 10x10 4 0.83 10.00 2.78 1.21 14000 

Totals 30 50.00 26.64 11.64 1183.00 

Third Floor IY.Qg Quantity: Width {FT} Size (FT} Area {SF) Concrete- Area 
ICYl --- ' _íSFCAl 

Comer Columns 10x10 5 0 .83 1050 3.47 1.59 1 
1 

183.75 
E-W Exterior Columns 10x10 2 0 .83 10.50 1.39 0.64 73.50 
Interior Columns 12x12 10 1.00 10.50 10.00 4.59 f) r 441 00 
N-S Exterior Columns 12x12 9 1.00 10.50 9.00 4.13 39690 
Elevator Columns 10x10 4 0 .83 1050 2.78 ll 1.127 H·. ~ 147 00 

Totals 30 52.50 26.64 fi"z'."i:= . 1 24 2.15 
~ 

Reinforcement First & ~ Quantity: Bars 12er Size of Bars Wt. of Bars Wt. of Steel 
Second Floor Colum ns Column LE.TI (#/LF) (TO r\JS} 

Comer Columns No 6 5 4 11 .00 1.502 019 

E-W Exterior Columns No. 6 2 4 11 .00 1.502 0 .08 
Interior Columns No. 6 10 4 11 .00 1.502 0 38 

N-S Exterior Columns No. 6 9 4 11 .00 1.502 0.34 

Elevator Columns No. 6 4 4 11 00 1.502 0 .15 

Tota ls 30 55.00 1.502 1.13 

-

- . . -· ---·-··-
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-----Rci. ,forccmcnt Third ~ Quantity Bars ~er Size o f 8.1rs Wt. of 8.1rs Wt. of St0c l 
Floor Columns Col umn (FT) (#/LF) (TONS ) 

Comer Columns No 6 5 4 11 50 1 502 o :xJ 
E-W Exterior Columns No 6 2 4 11 50 1 502 008 
Interior Columns No. G 10 4 11 50 1.502 039 
N-S Exterior Columns No. 6 9 4 11 50 1 ::.02 035 
Elevator Columns No 6 4 4 11 50 1 502 016 

Totals 30 57.50 1.502 1.18 

Chapter 7 . 2 . 1 . 4 Quantities for Exterior Wall Ali Levels 

Surface Area & Lenqth Width Peri meter Height Wall Area Waste Wall Arna Mortar 
Volume of Wall /FTl (FT) (FT) (FT) (SFl (5%) w/ Wastc (CFl 
Basement 8700 51 .00 276.00 7.50 2070.00 103.50 2173.50 13799 

7.00 2800 7000 7.50 525.00 26.25 551.25 3500 
Flrst Floor 87.00 51 00 276 00 1000 2760.00 138.00 2898 00 18399 

7.00 2800 7000 1000 700.00 35.00 735.00 46.66 
Second Floor 87.00 51 .00 276.00 10.00 2760.00 138.00 2898.00 183 .99 

7.00 28 .00 7000 1000 700.00 35.00 735.00 4666 
Third Floor 87.00 51.00 27600 1050 2898.00 144.00 3042.00 193.19 

7.00 28 .00 70.00 10.50 735.00 36.75 771 .75 49.00 

Totals 376.00 316.00 1384. 00 76.00 13148.00 657.40 13805.40 876.48 

Chapter 7 . 2 . 1 . 5 Quantities for Miscel/aneous ltems Ali Levels 

Shoring for AII Levels Shore Length {FT) Width {FT} Floor Area No. of Reshoring 
Tri butar:x: {SF) Shores eer Third & Roof 
Area (SF) Floor 

Main Section 36.00 87.00 51 00 4437.00 124.0 4658.85 
Elevator Section 36.00 7.00 2800 196.00 ~/ i.. -"- 6 .0 205.8 

Totals 542.00 489.00 1809.00 4633.00 '1 ~( 130 4864.65 

• p 1 ~ 

B\Bl\OHC~ r 

F i r 
Breaking Patches & Columns Slabs Ceilings Total 
Voids 
Basement 887 25 4633.00 4633.00 101 53.25 
First Floor 1183.00 4633.00 4633.00 10449.00 
Second Floor 11 83.00 4633.00 4633.00 10449 00 
Third Floor 1242.1 5 4633.00 4633.00 1a508.15 

Totals 4495.40 16532.00 18532.00 41559.40 

- -- ----------· ------ .. --.- - ~ --------------·- -

---·•··-+'¡?·-
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Chapter 7. 2. 2 Cost Estímate for Reinforced Concrete Dcsign 

. The methodology for the estímate is identical to the steel design except for the logical 

sequence of the activities in the schedule. In steel construction , it is standard practice to begin 

-a new floor level as soon as the columns of the previous level have been erected. However, in 

concrete there is a waiting period of 5 to 7 days before another floor can be started. 

Since, the float fi nishing and curing activities on each slab combined for 7 days of 

duration, this lag time was absorbed efficiently and construction of each new leve! was allowed 

to continue without delays. However, we were forced to use two sets of shores because 

concrete slabs need 14 days of curing time to be able to support themselves and, as 

mentioned before, a new leve! was started after float finishing was concluded allowing the 

concrete only 7 days to cure. 

Chapter 7 . 2 . 2 . 1 Cost Report for Reinforced Concrete Design by Activity 

Activitv Quantit::il Output Duration Unit Price Cost 

Excavation for Footings 422.2 200 2.11 $7.48 $3,159.91 

Forming for Footings 3935.4 414 9.51 $3.11 $12 ,240.16 

Reinforcing for Footings 17.4 29 0.60 $39.87 ,- $693.80 
'-

Pouring of Concrete for Footings 147.9 11 O 1.34 $11 .63 ,.,-
-..._ ·:\ $1 ,719 .70 

Curing of Concrete for Footings 14.7 95 0.15 $6.87 1 ~ ~; );;; $101 .06 

Backfiil for Footings 181.8 400 0.45 $16.20 '·' ., "' / Í 
. ~- $2,945.16 

Oisposal for Footings 300.6 96 3.13 $7.78 .. $2,338.67 

Spl icing Rebars for Basement Columns 30.0 150 0.20 $20 6J 1 'i l l\t,,~ $620.12 

Reinforcement for Basement Columns 0.9 1.5 0.58 $1,517.97 :C:C.Tf.'.'(:I' $1 ,320 .63 

Forming for Small Basement Columns 288.8 220 1.31 $5 .59 $1 ,6 14.11 

Formwork for Large Basement Columns 598.5 225 2.66 $5.53 $3,309.71 

Pouring of Concrete for Columns 8.7 45 0.19 $53 .17 $464 .17 

Curing of Concrete for Columns 8.9 95 0.09 $8.67 $76.92 

Float Finishing of Basement Columns 887.3 300 2.96 $0.83 $736.42 

Grave! Base Course 5559.6 8600 0.65 $0.37 $2 ,038 .60 

Vapor Barrier 51 .0 37 1.38 $11.49 $585 .53 

Edge Forming for Basement Slab 363.3 600 0.61 $2.04 $741 .13 

Reinforci;,g for Basement Slab 52 .8 29 1.82 $39.87 $2,105.93 

---~- . ~--- ~ ---- -- - - -~---- -- -- -- . ··~. 
: ,•.;~ -
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Pounng for Basement Slab 103.7 165 O.G3 $7 .77 $805 58 
Curing for Basement Slab 48 6 95 O 51 $6 86 $333.71 
Float Fintshing of Basement Slab 4633 .0 725 6 39 $0 .35 $1 ,636 0'1 
Shoring for Ftrst Floor Slab 130.0 55 2.36 $9 02 $1,172 .60 

Plate Forming for First Floor Slab 4864.7 560 8.69 $3.44 $16,753 .81 
Edge Form,ng for First Floor Slab 363.3 500 0.73 $2.43 $882 6 3 
Reinforcing for First Floor Slab 44 2.9 1.53 $1,119.95 $4,961 .38 
Pouring for First Floor Slab 109.5 130 0.84 $18.43 $2 ,017 .16 
Curing tor First Floor Slab 48.6 95 0.51 $6.87 $333.71 
Float Fin ish tng of First Floor Slab 4633.0 725 6.39 $0.35 $1,63604 
Splicing for First Floor Columns 30.0 150 0.20 $20.67 $620 .12 
Reinforcement for First Floor Columns 1.1 1.5 0.75 $1,517.97 $1,715 .31 
Forming for Small First Floor Columns 385.0 220 1. 75 $5.59 $2,152.15 
Forming for Large First Floor Columns 798.0 225 3.55 $5.53 $4 ,412 .94 
Pouring for Fi rst Floor Columns 11 .6 45 0.26 $5'3.17 $618 .90 
Curing for First Floor Columns 11 .8 95 0 .12 $8.67 $102.57 

Float Fin ish ing of First Floor Columns 1183.0 300 3.94 $0.83 $981 .89 

Erection of Exterior Basement Wall 3287.0 340 9.67 $8.17 $26,839.22 

lnsertion of lnsulation on Basement Wall 3451 .4 2400 1.44 $U.SS $1,898.27 

Erection of Basement lnner Wall 3451.4 520 6 .64 $0.73 $2,507.28 

Shoring for Second Floor Slab 130.0 55 2.36 $9.02 $1 ,172.60 

Plate Forming tor Second Floor Slab 4864.7 560 8 .69 $3.44 $16,753.81 

Edge Forming for Second Floor Slab 363.3 500 0.73 $2.43 $882.63 

Reinforcing for Second Floor Slab 4.4 2.9 1.53 $1,119.95 $4,961.38 

Pouring for Second Floor Slab 109.5 130 0.84 $18.43 $2, 017.16 

Curing Second Floor Slab 48.6 95 0.51 $6.87 $333.71 

Float Finish ing of Second Floor Slab 4633.0 725 6.39 $0.35 $1 ,636.04 

Splictng for Second Floor Columns 30.0 150 0.20 $20.67 $620.12 

Reinforcement for Second Floor Columns 1.1 1.5 0.75 $1 ,517.97 ,,,..._;(, $ 1,715.31 

Forming for Small Second Floor Columns 385.0 220 1.75 $5.59 Y* $2,152.15 

Forming for Large Second Floor Columns 798.0 225 3.55 $5 .53 
\ 

$4,412 .94 

Pouring for Second Floor Columns 11 .6 45 0.26 $53.17 
., 

$618.90 

Curing for Second Floor Columns 11 .8 95 0.12 $8.67 $102 .57 

Float Finishing of Second Floor Columns 1183. O 300 3.94 $0.83 t· ,l1l!I~ $981 .89 

Erection of Scaffol ding for First Floor Wall 35.2 16.8 2.10 $81 .86 !:::S $2,881.32 

Erection ot Exterior Fi rst Floor Wall 3287.0 340 9.67 $8.17 $26,839 22 

lnsertion of lnsuiation on First Floor Wall 3451.4 2400 1.44 $0.55 $1,898.27 

Erection of First Floor lnner Wall 3451.4 520 6 .64 $0.73 $2,507.28 

Shoring for Third Floor Slab 4864 .7 1400 3.47 $0.54 $2 ,626 .91 

Plate Forming for Thtrd Floor Slab 4864 .7 560 8.69 $3.44 $16 ,753.81 

Edge Formtng for Third Floor Slab 363.3 500 0.73 $2.43 $882.63 

Reinforcing for Third Floor Slab 4.4 2.9 1.53 $1,119.95 $4,961.38 

Pouring for Third Floor Slab 109.5 130 0.84 $18.43 $2,017.16 

Curing for Thtrd Floor Slab 48.6 95 0.51 $6.87 $333.71 

Float Fintshtng Third Floor Slabs 4633.0 725 6.39 $0.35 $1,636.04 

Float Finishing of Basement Cetltng 4633.0 725 6 .39 $0.83 $3 ,845 .39 

Breaking Patches and Votds Basement 10153.3 540 18.80 $0.46 $4,702.05 

Spl1c1ng Rebars for Third Floor Columns 30.0 150 0.20 $20.67 $620.12 
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Re1nforcement for Th1rd Flom Columns 1 2 1 5 O 79 $ 1,517 97 $1,791 21 

Forming of Small Th1rd Floor Columns 404 3 220 1 84 $5 .59 $2 ,259 76 

Forming for Large Th1rd Floor Columns 837 9 225 3 72 $5 53 $4 ,633 59 

Pouring for Tn1 rd Floor Columns 12.2 45 O 27 $53 17 $649 74 

Curing for Th1 rd Floor Columns 12.4 95 0.13 $8 .67 $107 69 

Float F1n1sh1ng Th1rd Floor Columns 1242 2 300 4 14 $0 84 $1 ,038 95 

Erection of Scaffolding for Second Floor W al l 35.2 16 .8 2 .09 $81 .90 $2 ,88 1.32 

Erection of Exterior Second Floor W al l 3287.0 340 9.67 $8.17 $26,839 22 

lnsertion of lnsulat1on on Second Floor Wall 34514 2400 1.44 $0.55 $1 ,898 27 

Erection of Sf:Cond Floor lnner W al l 3451 4 520 6 .64 $0.73 $2,507 .28 

Shoring for Roof Floor Slab 4864.7 1400 347 $0.54 $2,626 .9 1 

Plaie Forming for Roof Floor Slab 4864.7 560 8.69 $344 $ 16,753 81 

Edge Formi ng for Roof Floor Slab 363.3 500 0.73 $243 $882 .63 

ReinfOícing for Roof Floor Slab 4.4 2.9 1.53 $1 ,119.95 $4 ,96 1.38 

Pouring for Roof Floor Slab 109.5 130 0.84 $1843 $2, 017 .16 

Curing for Roof Floor Slab 48 .6 95 0.51 $6.87 $333.71 

Float Finishing for Roof Slab 4633.0 725 6 .39 $0.35 $ 1,636.04 

Waterproof Membrane on Roof Floor 5096.3 21 00 2 4 3 $1 .17 $5 ,953.07 

Float Finishing of Fi rst Floor Ce1ling 4633.0 725 6 .39 $0.83 $3 ,845.39 

Breaking Patches and Voids First Floor 10449.0 540 19.35 $045 $4 ,702.05 

Float Finishing of Second Floor Ce1ling 4633.0 725 6 .39 $0.83 $3,845 39 

Breaking Patches and Void s Second Floor 10449.0 540 19.35 $045 $4,702.05 
--

Erection of Scaffo lding for Th ird Floor \\ ali 35.2 16.8 2.09 $81 .90 $2,881 .32 

Erect ion of Exterior Third Floor Wall 3287 .0 340 9.67 $8.17 $26 ,839.22 

!nsertion of lnsulation on Th ird Floor Wall 3451 4 2400 144 $0.55 $1,898 .27 

Erection of Thi rd Floor lnner Wall 34514 520 6 .64 $0.73 $2,507.28 

Float Finishing Th ird Floor Ce1l ing 4633.0 725 6 .39 $0.83 $3,845.39 

Breaking Patches and Vo1ds Th1rd Floor 10508.2 540 194 6 $0.25 $2,627.05 

!die Materials J,:.;,. 

4500 psi Concrete Ready M1x 733.6 $70.98 $52,070 .93 

1:3 Mix Ratio Masonry Mortar 876.5 $5.56 $4,873.23 

'. 
~ - ... \ '-

Sub-Total 
<F ' $414,468.82 _( ~ 

']\ I , •~,x I 

Job Overhead ,!: $78,300.00 

IH!l l ll\H"' 1 
GRA D TOTAL 

- -
ES ,'" $492,768.82 

------~--- - - .. - -- - - - ----~~ ---- - -
...... __.. ....... _ 
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Chapter 7. 2 . 2. 2 Cost Report for Reinforced Concrete Design by Subdivision 

ltem 
Code 

Description 

-Divlsion 1: General Requirements 

Subdlvlslon 1.1: Overhead 

1.101 Job Overhead 

Dlvlsion 2: Sltework 

Subdlvlslon 2. 1: Sitework 

2.101 

2.102 

2.103 

2.104 

Structural Excavation with a Backhoe 

Backfill with 10% Cornpaction 

Disposal of Waste Material Using Durnp Trucks 

Gravel Fill Under Slab 

Dlvision 3: Concrete 

Subdivision 3.1 : Formwork 

3.101 

3.102 

3.103 

3.104 

3.105 

3.106 

Plywood Forms for 10x10 Colurnns 

Plywood Forrns for 12x12 Colurnns 

Flat Plate Forrns for Elevated Slabs 

Edge Forrns Under 7' for Slabs 

Forrns for Spread Footings 

Edge Forrns Under T' for Slabs on Grade 

Subdlvis lon 3.2: Reinforcement 

3.201 

3.202 

3.203 

3.204 

Rebars for Colurnns #3 to #7 

Rebars for Slabs #3 to #7 

WWF 6x6-#6/6 0/'12.SiN\/2.9) 

Splicing Colurnns Rebars by Butt Welds 

Subdlvlslon 3.3: Concreie In Place 

3301 C0ncrete Ready Mix 450'.)psi , H1gh Early Strength 

3.302 Placing Concrete in Colurnns up to 12" 

3.303 Placing Concrete on f.ievnted Slabs 6" to 10' 

3.304 Placing Concreie over Spread FootIngs 

Quantity Unit 

7.25 MONTH 

Unit Price 

$10,800.00 

Overhead = 

Divlsion 1: General Requirements = 

422 .24 CY 

181 .80 CY 

3CXJ55 CY 

5,559.60 SF 

$7.48 

$16.20 

$7.78 

$0.37 

Sltework = 

Dlvlslon 2: Sitework = 

/ 

1,463.00 SFCA B!Bllll t.. ) $5.59 

3 ,032 .40 SFCA E Q ~ $5.53 

19,458.60 SFCA 

1,453.20 LF 

3,935.40 SFCA 

363.30 LF 

4 .31 TON 

17.72 TON 

70.22 CSF 

120.00 EA 

733.64 CY 

44.23 CY 

437.80 CY 

147.93 CY 

Fonnwork = 

$3.44 

$2 .43 

$3.11 

$2.04 

$1 ,517.97 

$1 ,119.95 

$39.87 

$20.67 

Relnforcement = 

$70.98 

$53.17 

$18.43 

$11.63 

~----- -- - -· . - - -
- ~ 

Total Price 

$78,XOOO 

$78,300.00 

$78,300.00 

$3,159.91 

$2,945.16 

$2,338 .67 

$2,038.60 

$10,482.34 

$10,482.34 

$8,178.17 

$16,769.18 

$67,015.23 

$3,530.52 

$12,240.16 

$741 .13 

$108,474.39 

$6,542.46 

$19,845.51 

$2,799.73 

$2,480.46 

$31,668.16 

$52,070.93 

$2,351 .71 

$8,068 .65 

$1,719.70 

. -· 



3.305 Placing Concrete or. Slab on Grade 

Subdlvlslon 3.4: Mlscetlaneous 

3.401 

3.402 

3.403 

3.404 

3.4C6 

3.400 

Float Finishing Floors 

Float Finishing Columns & Ceilings 

Breaking Patches & Voids 

Concrete Curing W1th Sprayed Compound 

Vertical Shores up to 1ü High 

Reshoring of Vertical Shores 

Divlsion 4: Masonry 

Subdlvision 4.1: Mortar 

4.101 Mortar with Masonry Cernen! , 1 :3 Mix 

Subdlvision 4.2: Concrete Bloc.ks 

4.201 Simulated Brick Concrete Blocks 8"x16"x8" 

Subdivision 4.3: Miscetlaneous 

4.301 Tubular Scaffolding for Wall Erection 

Division 7: Thermal & Moisture Protectlon 

Subdivision 7.1 lnsulators 

7.101 Masonry lnsulation Poured in Block Cores 

Subd lvlslon 7.3: Waterproofing 

7.301 Membrane Waterproofing 

7.302 Polyethy1ene Vapor Barrier 

Divlsion 9: Gypsum & Lather 

Subdlvlsion 9.1 Gypsum 

9.101 1ü High Drywall with Aluminum Studs 

103.68 CY 

23, 165.00 SF 

23,027.40 SF 

41,559.40 SF 

302.71 SF 

260.00 EA 

9,729.30 SF 

876.48 CF 

13,148.00 SF 

105.56 CSF 

13,805.40 SF 

5,096.30 SF 

50.96 Sq. 

$7.77 

Concrete In Place = 

$0.35 

$0.83 

$0.40 

$7.13 

$9.02 

$0.54 

Miscetlaneous = 

Division 3: Concrete= 

$5.56 

Mortar = 

$8.17 

Concrete Blocks = 

$81 .89 

Mlscellaneous = 
Dlvlslon 4: Masonry = 

$0.55 

lnsulators = 

$1 .17 

$11 .49 

Waterprooflng = 

I -

Brnl1CH~11 , 
ES 

Dlvlslon 7: Thcrmal & Molst. Prot. = 

13,805.40 SF $0.73 

Gypnum= 

Dlvlslon 9: Gypsum & Lather = 

••*Bid Totar = 

7-33 

$65,016.59 

$8,180.20 

$19,120.71 

$16,733.20 

$2,1:B.34 

$2,345.20 

$5,25382 

$53,792.47 

$258,951.62 

$4,873.23 

$4,873.23 

$107,356.89 

$107,356.89 

$8,643.96 

$8,643.96 

$120,874.08 

$7,593.00 

$7,593.08 

$5,953.07 

$585.53 

$5,53!!.~0 

$14,131 .68 

$10,029.10 

$10,029.10 

$10,029.10 

$492,768.82 
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Chapter 7. 2. 2. 3 Cost Report far Reinforced Concrete Design by Division 

Code Description Total Cost Pro'it To · I Price Percentag 

1 General Requ1rements $72,500.00 $5,800 .00 $78,300 00 15.89% 
2 Site'vvork $9,705.87 $776.47 $10,482.34 2.13% 
3 Concrete $239,770.02 $19,181 .60 $258,951.62 52.55% 
4 Masonry $111 ,920.44 $8,953.65 $120,874.08 24.53% 
7 Thermal & Moisture Prot $13,084 .89 $1,046.79 $14 ,131 .68 2.87% 
9 Gypsum & Lather $9,286.20 $742.90 $10,029.10 2.04% 

*"*Bid Total._ $456,267.43 $36,50140 $492,768 .82 100.00% 

Chapter 7. 2 . 2 . 4 Cost Report for Reinforced Concrete Design by Budget 

Code Description Total Cost Profit rotal Price Percentage 

o Office Expenses $72,500.00 $5,800 .00 $78,300.00 15.89% 
1 Materials $156,04346 $12,483.48 $168,526.94 34.20% 
2 Labor $214,536.94 $17,162 .96 $231,699.90 47.02% 
3 Equipment $13,187.02 $1,054 .96 $14,241 .98 2.89% 

... Bid Total*º $456,267.42 $36,501 .39 $492,768.82 100.00% 

Chapter 7. 2 . 2 . 5 Cost Report of Reinforced Concrete De~ign "fi~tem 

Bl' 11 1 t 11 

Code Description Total Cost Profit F'' ota-1 Price Percentage 

1.101 Job Overhead $72,500.00 $6,264.00 $78,30000 15 89",(, 

2.101 Structural Excavation with a Backhoe $2,925.84 $252.79 $3,159.91 0.64% 

2.102 Backfill with 10% Compaction $2,727.00 $235.61 $2,945.16 0 .00% 

2.103 Disposal of Waste Material Using Dump Trucks $2,165.44 $18709 $2,338.67 0.47% 

2.104 Gravel Fill Under Slab $1 ,887.59 $163.09 $2,038.00 0.41% 

3.101 Plywood Forms for 10x10 Columns $7,572.38 $654.25 $8,178.17 1.66% 

3.102 Plywood Forms for 12x12 Columns $15,527.02 $1,341 .53 $16,769.18 3 .40% 

3.103 Flat Plate Forms for Elevated Slabs $62,a5114 $5,361 .22 $67,015.23 1300% 

3.104 Edge Forms Under T' for Slabs $3,269.00 $282.44 $3,5:Xl.52 0 .72% 

3.1CX5 Forms for Spread Footrngs $11,333.48 $979.21 $12,240.16 2.49% 



3.106 Edge Forms Under 7' far Slabs on Grade 

3.201 Rebars for Columns 113 to 117 

3 202 Rebars fer Slabs #3 to #7 

3.203 WWF 6x6-#6/6 (W2 9xW2 9) 

3.204 Spl1cing Columns Rebars by Butt Welds 

3.301 Concrete Ready M1x 45CX)ps1, H•gh Early Strength 

3.302 Placing Concrete 1n Columns up to 12" 

3.303 Plac1ng Concrete on Elevated Slabs 6' to 1 a· 
3.:Di Plac1ng Concrete over Spread F ootings 

3.3CX:5 Plac1ng Concrete on Slab on Grade 

3.401 Float Finishing Floors 

3.402 Fle,at F1nishing Columns & Ce1lings 

3.403 Break1ng Patches & Vo1ds 

3.404 Concrete Curing W1th Sprayed Compound 

3.4a5 Vertical Shores up to 1 a High 

3.406 Reshoring of Vertical Shores 

4.101 11.\ortar w1th Masonry Cement , 1.3 Mix 

4.201 Simulated Brick Concrete Blocks 8"x16'x8" 

4.301 Tubular Scaffolding far Wall Erect1on 

7.101 Masonry lnsulat1on Poured 1n Block Cores 

7.301 Membrane Waterproofing 

7.n2 Potyethylene Vapor Bamer 

9.101 10' H1gh Orywall with Alum1,1um Stu<f!, 

... Bid Total• .. 

$G6G 23 

$G,057 83 

$18,375 48 

$2,592 .35 

$2.29<3 72 

$48 ,21382 

$2,177 51 

$7,4m.98 

$1,59231 

$745.92 

$7,574.26 

$17,704.36 

$15,493.70 

$1,999.39 

$2,171 48 

$4,864.ffi 

$4,512 .25 

$99,404.53 

$8,00367 

$7,CX30.63 

$5_512.10 

$542.16 

$9,286.20 

$456,267.43 

$SO 79 

$5~3.-0 

$1,587 64 

$223.98 

$198.44 

$4, 165 67 

$188.14 

$645.49 

$137.58 

$64.45 

$65442 

$1 ,529 66 

$1,338 66 

$172.75 

$187.62 

$420.31 

$389.86 

$8,588.55 

$691.52 

$007.45 

$476.25 

$46.84 

$802.33 

$39,421 .51 

$741 13 

$6,542 4G 

$ 19845 5 1 

$2.799 73 

$2,48046 

$52 ,07093 

$2,35171 

$8,008 ffi 

s1.71g_m 

$805.59 

$8,180.20 

$ 19, 120.71 

$16,733.20 

$2,159.34 

$2,345.20 

$5,253.82 

$4,873.23 

$107 ,356.89 

$8,643.96 

$7,593.00 

$5,953.07 

$585.53 

$10,029.10 

$492, 7G8.82 

.•í 
'I 
1, 

Chapter 7 . 2 . 2 . 6 Cost Repon for Reinforced Concrete Design by Floor 

B10L.ull r. 
o 
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O 15 'l(, 

1 33% 

4 03'X, 

057% 

0 .50'X, 

1057% 

048% 

1.64% 

0 .35% 

0 .16% 

1 66% 

388% 

3.40% 

0 .44% 

0 .48% 

1.0 7% 

0 .99% 

2 1.79% 

1.75% 

1.54% 

1.21% 

0 .12% 

2 .04% 

100.00% 

Code Description Total Cost Profit Total Prico Percentage 

1 Foundations $31 ,219.25 $2,497.54 $33,716.79 8 .14% 

2 Basement Floor $60,246.28 $4 ,819.70 $65,065.99 15.71% 

3 First Floor $84,115.49 $6,729.24 $90,844.73 21 .93% 

4 Second Floor $84,115.49 $6,729.24 $90,844.73 21 .93% 

5 Third Floor $84,049.36 $6,723.95 $90,773.31 21 .92% 

6 Roof Floor $39,743.77 $3,179.50 $42,923.28 10.36% 

•••Bid Total*** $383,489.65 $30,679.17 $414,168.62 100.00% 

~--~--- -- -- -- - --

. . ... - ' 
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Chapter 7 . 3 Co t & Graphic Ana!y-is fa r Bobh Designs 

In the cost analysis of the designs, we compared base costs , total costs (profit and 

overhead), real cost (interests on construction loan) , costs per level, and construction 

schedules. However, we used a the national average costs of each activity to perform the 

estímate, therefore it was necessary to multiply the results by a conversion factor to calculate 

the project's cost in the City of Worcester. These factors were taken out Means Construction 

Costs Data 1994 9 and were outlined in a table in section 7 .1. 

The base cost of both designed otfered a substantial advantage to the concrete design 

but is misleading because severa! signifícant factors are left out of the comparison process. 

Sorne of these are length of schedule, time value of money, overhead, and contractor's profít. 

Following tables will sumrnarize that, when these factors are added to the equation, 

there is a signifícant increase in the cost of the concrete design, whereas, there is not that 

much of an increase in the steel design. The factors which atfect this comparison the most are 

project overhead and interest payments. As rnentioned previously, overhead was $2,500 per 

week and interests were 11 %. These factors are time or schedule of construction dependent 

and, as the schedule in the appendix shows, steel design construction lasts 11 weeks and 

concrete design construction lasts 29 weeks or more than twice as long. Therefore, it is very 

important to include these factors in order to make an accurate comparison of both designs. 

The scope of the project limited us to only account for phases and aspects of the 

project in which both design would differ. Tl1erefore, mass excavation, interna! construction, 

mechanical systems, electrical systems, H.V.A.C. systems, and so on were left out of the 

analysis because their requirements would be identical in both designs. 

9 See footn ote 1. 

- -------=-= -------- --- ·- ----~.. - - = -- --

. 
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An important aspect of this analysis is the real value of money comparison . This was a 

new experience because we were torced to take the side of the owner, instead of the 

contractor, and use a cash flow analysis to determine what payments had to be made, when, 

what the retainage would be, what the outstanding balance on the construction loan would be 

from week to week, and so on. After the cash flow and ali other variables were obtained, we 

plotted sorne graphs to illustrate the findings from the analysis. These are pmsented next 

along with thei r respective data tables . 

Chapter 7. 3 . 1 . 1 Cost Analysis Tables 
.-
. ' 

Cash Flow far Concrete Desiqn / 

Period W eek 1 Week 2 Base Cost w/ Overhead P'aj'.ments 

1 $17,882.35 $13,195.37 $31,07772 S00,796.20 r ,.,, $0.00 

2 $ ln.s:?IJ.20 S9,r~_91 $26,270 .11 $52,783.52 11 i $!¾,71 658 

3 $9,725.75 $23,245.20 $32,970 .95 $63,951 .58 - • i$47,5C6.17 -· 
4 $19,880.58 $ 13,827.50 $33,708.08 $65, 180.13 $57,556.43 

5 $10,459.60 $30,977 68 $41,437.28 $78,062.13 $58,662.12 

6 $26,755.04 $13,940.73 $40,695.77 $76,826.28 $70 ,25592 

7 $19,624.58 $50,547.44 $70,172.02 $125,953.37 $69,143.66 

8 $38,8461 1 $21 ,920 37 $00,766 48 $1 10,27747 $113,358 03 

9 $4,025.36 $9,66081 $13,686.17 $31 ,810 28 $00,249.72 

10 $598.16 $2,895.82 $3,493.98 $14,823.30 $28,629.26 

11 $10 ,53403 $13,163.96 $23,697.99 $48,496.65 $13,340.97 

12 $13,591.35 $7,711 .79 $21,303.14 $44,5C6.23 $43,646.99 

13 $5,527.95 $4,899.08 $10,427.03 $26,378.38 $40,054.71 

14 $2,236.02 $1 ,572.17 $3,808.19 $15,346.98 $23,740.55 

15 $953.91 $953.91 $10,589.85 $13,812.29 

16 $92,109.00 

TOTAL $197,170.99 $217,297.83 $4 14,468.82 $825,78 1.37 $825,781 .37 



7-38 

Cas h Flow for Jtccl Dcs iqrt 
Period Week 1 Week 2 ºa:;e Cost w/ Ovcr l_H!ild Pa ~me nts 

1 $7,544 92 $1 3,662 26 $2 1,::07 18 $44 ,345.30 so o:: 
2 $171 ,07830 $78,19'5 29 $2".9.273 59 $424, 45598 $39,9 10 77 

3 $31,618 88 $65.854 66 $97,473 5-1 $171,43500 $38: ,0 10 39 

4 $25,725 3 -¡ $52,45605 $78 ,181.42 $139,302 37 $154,31 0 31 

5 $40,343.82 $5,664.39 $46,CX)S.21 $85,680.35 $125 ,372.1 3 

6 $1,574 22 $1,574.22 $11 ,623 70 $77, 11 2.32 

7 $98. 147 m 

TOTAL $277,885.51 $215,832.66 $493,718 .16 $876,863.60 $876,863.60 

lnterest Pavments for Both Desions 
Steel Desian Concrete Desian 

Weeks Balance lnterests Balance lnterr-~~ 

1 $39,910.77 $168.85 $54,716.58 $231 .49 

2 $422,000.01 $1 ,785.77 $102,453.24 $433.46 

3 $578, 186.ce $2,446.17 $100,443.12 - $678 80 

4 $706,004.39 $2,986.94 $219,784.04 
, . 

$929.86 r .. ,,.. ~ 

5 $786,103.64 $3,325.82 $2S0,9f9.81 r· t $1 ,231 .03 

6 $887,577.16 $1,877.57 $361,344.49 1 \ : $'1 ,528.77 
-, $889 ,- 154.72 $476,231 .29 -. SQ,014.82 '- ,, 
8 $577,495.83 $2,443.25 

9 $6:8,568 .34 ~rn U ll lt $2,574 71 

10 $624,484.02 e~...., ,,. $2,642~ 

11 $670,773.06 ·--- - $2,837.89 

12 $713,665.65 $3 ,019.35 

13 $740,425.55 $3,132.57 

14 $757,370.41 $3,204.26 

15 $852,683.67 $1,803.75 

TOTAL $68S,454.72 $12,591.12 $854,487.42 $28,706.05 

Chapter 7 . 3 . 1 . 2 Cost AnafJ,sis Graphs 

In the following pages, sorne of the above tables will be further detailed and explained 

by converting their information into a visual aid or graph. These graphs make any differences 

between the design much easier to appreciate and, more importantly, help to make the best 

choice amongst the t:wo designs for the project and its requirements. These requirements are a 

constructable design which is as economic and time saving as possible. Also, a design which 

is not very expensiva to operate in the long run and which can be flexible to future changes. 

--------
-

- - 1 .. ~,...,. • 



Differences in cost and interest payments between designs are illustrated by the 

differences in height of the lines at the end of each graph. These are the graphs we 

constructed: 

7-39 
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Real Value of Money Comparison of Both Designs 
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Difference in Cost Between Both Projects in Normal and Real Values of Money 
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Difference Between Normal and Real Values of Both Projects vs Time 
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lnterest Payments (Cumulative) for Both Design vs Time 

---Steel lnterests - • • Concrete lnterests 
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8. Fire Protection Analysis 
Fire protection analysis is the study of how well a building will resist fire . 

There are two ways we cango about this . The first is fo study the entire building , 

its resistance to fire, and suitable protection systems. The second is to study 

each member in the building and analyze its resistance to fire, and suitable 

protection for it. We chose to study each member individually. 

Our reasoning far this is that we wished to do more of a trame comparison 

of our buildfngs, as opposed to a general build ing comparison . In this respect 

most interiors, ( partitions, ceilings, etc.) , of the two buildings, will be the same; 

thus the fire protection analysis far the interiors will also be the same. So it was 

decided only to study the trames, one of Reinforced Concrete, the other of 

Steel. 

8.1. Fire resistance; defined: 

Fire resistance is rated in hours. Each hour signifies the amount of time a 

member can undergo a certain temperature befare yield ing. Most ratings are 

derived from materia!s being tested in furnaces . The average fumace 

temperature at which these ratings are derived are as fallows; 1000 degrees F at 

5 min. , 1400 degrees F at 15 min ., 1550 degrees F at 30 min., 1700 degrees F 

at 60 min ., 1850 degrees F at 120 min ., 1925 degrees F at 180 min ., and 2000 

degrees F at 240 min. 1 

1 Fire Resistance - Vol. 1, pg 6 paragraph 
Underwriters Laboratories !ne. 

- -- -· - - ---- ------
• 1; ..... -
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The Massachusetts State Building Code gives us the Fire grading in hours 

for different types, and uses of structures2 
. For residential apartmcnts, and 

hotels it specifies a mínimum rating of 2hrs . This being the closest to the 

structure we are designing, we chose to use 2hrs as our fire protecting rating. 

8.2. Fire Protection Analysis 

The Fire Resistance Directory is a book published by Underwriters 

Laboratories lnc. :t is used to find out if a given member is suitable in its fire 

resistance rating, and if not it gives protection systems that may will be 

implemented to up its rating. By fire protection systems we mean different types 

of coating which can be sprayed on the members. lt is this coating which will 

increase the time a member can be subjected to fire. 

The directory is quite easy to use; first you look up the code for the type of 

member you wish to check on. 3 Then you open up to the section of the book 

correspond ing to the code letter. The letters, and their correspond ing rnembers 

are as follows4
: 

2 
Massachusetts State Building Code 

Section 902.0 Fi re Hazard Classification. 
902.1, Table 902; pg 780 

3 
Fire Resistance Directory 

pg 7 
~ Fire Resistance Directory 
pg 7 

- - --=-- - . -
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Code 

. A 

D 

G 
J or K 
L 

N 
p 
s 
u 
X 

Members 

Floor-ceil ing Designs - Concrete with Cellular Steel Floor Units and 
Beam Support 

Floor-Ceiling Designs - Concrete with Steel Floor Units and Beam 
Support 

Floor-Ceiling Design - Concrete and Steel Joists 
Floor-Ceiling Design - Precast and Field Poured Concrete 

Floor-Ceil ing Designs - Wood ar combination Wood and Ste 1 
Joists Assembl:es / 

Beam Designs - Far Floor-Ceiling Assemblies / 
Roof-Ceiling Designs 
Beam Designs - Far Roof-ceiling Assemblies 
Wall and Partition Designs 
Column Designs 

8.3. Fire Protection Design 

After the proper code group is found, we then begin searching far a 

8.8- 3 

grouping of members similar to ours. Let us say we are looking up a W18x40 

girder. The code for th is member is N, because it is a beam for a floor assembly. 

Now we look through the N's until a suitable member pops up. 

Starting at Design No. N7455 we find severa! beam slab systems whose 

sketch is s similar to our own ( refer to figure 8.1 on following page) . The next 

step is to go through the description of the beam given in the text below the 

sketch. After reading through severa! of these it is found that N753 most closely 

resembles our member6
. 

5 Fire Resistance Directory 
pg 599 
6 Fire Resistance Directory 
pg 604 

.,,,.. ..... _ .. _ 
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Now we go through the table given with each of these design, that tells us 

what type, and how much of a certain for protection we must use for our given 

rating . An example of one of these tables is given below: 

6. Cementit ious mixture
7 

- Prepared by mixing with water and liquid concentrate according 
to instructions on each bag of material and spray - applied to beam surfaces which are free 
of dirt, loose scale, and oil. The crests of corrugated and fluted units above the beam shall 
be 25 pcf. For method of density determination, refer to Design lnformation Section. 

Rating, Hr 
1 
1-1/2 
2 
3 
4 

Minimum Thickness, In. 
Unrestrained Beams Restrained Beams 

7/16 7/16 
11/16 1/2 
15/16 3/4 
1-7/16 1-1/4 

1-11/16 

In certain cases a coating is not given in order to increase the rating. Such 

cases are for members that have concrete already in them. In these cases it may 

just be necessary to increase the concrete thickness. Such is the case with 

concrete beams, slabs, and columns; as well as steel decking with a concrete 

slab, or steel beams encased in concrete. 

8.4. Fire Protection Design For Steel Structure 

The following are the fire protection designs for the given steel members. 

lncluded are the design number given in the Fire Resistance Directory, and the 

type and amount of protection to be used. 

7 Fire Resistance Directory 
pg 605 

~ • 

------- .~-- - -- -- - -- ------------- --~ 



5/8" 

8.4.1. Roof Design: 

Corrugated Steel Deck: 

1.5" depth, inverted "B" deck, alv. 16 Gauge, span: 16.5", width: 6. 75" 

puddle welds spaced approx. 12" on center 

· Concrete Steel Deck: 

8.8-5 

3.5" thick, reinforced w/ 66-44 Mesh ( rolled in the direction of deck span) 

3 ply felt & gravel: 

For insulation & to protect slab form rain 

Fire Protection: 

Design No. P0028
. Use Acoustical Material; 12 by 12 in. tile with T&G and 

Kerfed dedge detail. Border tile supported by channels made of 26 MSG painted 
steel formed 1-5/16 in . high by 3/4 in. wide at the top and 1 in . wide at the bottom 
flange. Flat splines formed of 30 MSG galv steel, 11 in . long by 7/8 in . wide 
inserted into kerfed tile joints perpendicular to zee splines. (S) = surface 
perforations , (V) = ventilating slots. 

8.4.2. Rooms Area: 

Concrete Slab: 

4 .0" thick, reinforced w/ 66-44 mesh (rolled in the direction of deck span) 

8 Firc Resistance Directory 
pg 636 

----- - -- -----• 

.. ,_ •. 
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Corrugated Steel Deck: 

1.5" depth, inverted "B" (;ieck, galv. 16 Gauge, span: 16.5', width:6.0' . 5/8' 
puddle 

welds spaced approx. 12" on center 

Fire Protection: 

Oesign No. 001 O. The minimum concrete topping on the steel decking 
must be 2-1 /4 inch far a 2 hr rating . Our slab is 4" thick, and thus satisfies the 
requirements. 

8.4.3. Corridors Area: Elevators Waiting Area: 

Concrete Slab: 

4.5" thick reinfaíced w /44-44 Mesh (rolled in the direction of dedc span) 

Corrugated Steel Deck: 

1.5" depth , inverted "B" deck, falv . 16 Gauge, span:16.5', width: 6.0'. 5/8" 
puddle welds spaced approx. 12" on center. 

Fire Protection: 

001 O. See Rooms Area. 

The following Table, Table 8.1 summarizes the Fire Protection Oesign far 
the Beams, Girders, and Columns. 



Fire Protection Desegn For Steel Members 
Table 8.1 

Fire Protection for steel members 

2hr rating 

IMember 
1 

W 18x40 

W 21x68 

W 10x22 

W 10x22 

W6x9 

W6x9 

W 10x45 

W8x31 

W8x24 

W 12x14 

- ·-- - -••· - -

Type 
. --- - ----·-

Girder 
-·-- - . ·- -·-

Girder 
- ·-- - ~----- - -

Beam - -- - - · --- -
Beam 

-- -· -
Eleam 

- - ---

Beam --- - --

Interior Column 
------- ·• --

N-S columns 
------- ---

E-W & Comer columns 
- --- - . -

Stairway beams 

Design No. 
S722 

N 753 

N 753 

S722 

N 753 

S722 
----

X738 
- - . 

X 723 - . - -
X 722 

N 753 

Location 
Roof 

3rd , 2nd, & 1st Floors 

3rd, 2nd, & 1 st Floors 

Roof 

3rd , 2nd, & 1 st Floors 

Roof 

Roof, 3rd, 2nd, & 1st Floors 

Roof, 3rd, 2nd, & 1 st Floors 
-- - - -- -

Roof, 3rd, 2nd, & 1st Floors 

3rd, 2nd, & 1 st Floors 

Page 8-6a 

Fire Protection Type 
Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

Cementatious Mixture 

1 

! 
1 

1 

iThic~ness 
i 1-5/8" 

13/4" 

3/4" 

1-5/8" 

3/4" 
- 1 

1-5/8" 

1-3/4" 1-

11-3/8" 1 ·\ \ 

11-11/16" 
1 

13/4" 

"r 
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8.5. Fire Protection Design for The Reinforced Concrete Frame 

While the Fire Resistance Oirectory was suitable far the analysis of all the 

steel members , it carne up short far the analysis on reinforced concrete columns . 

Actually there was no information on reinforced concrete columns in the book, 

so I needed to find a different source. 

The source that I faund is "Calculation Methods for Fire Resistance" 

.On pg . 37 of this document is table 2.6, which gives the fire protection 

requ irements far reinforcerl concrete columns. The table is given below: 

MINIMUM CONCRETE COLUMN SIZE 
B\BLIOilCA HC1 

Concrete Aggregate Minimum column dimensions ESPOL 
Type 

1 1-1/2 2 3 4 
hour hours hours hours hours 

Siliceous 8x8 9x9 10x10 12x12 14x14 
Carbonate 8x8 9x9 10x10 11x11 12x12 
Sand-lightweight 8x8 8.5x8.5 9x9 10.5x10.5 12x12 

Table 2.6 gives no reference to fire protection, that is because none is 

needed. Concrete is the fire protection, in this case it is the protection far the 

reinforcement. lf there was no reinfarcement the concrete would act as its own 

tire protection. Thus instead of adding anything to the members, a minimum 

value is given to their sizing . 
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The reasoning far this is that concrete can withstand extremely high 

temperatures, far an extended amount of time. lt is also a good insulator, this is 

why it is used to protect steel members farm fire. So concrete needs nothing 

added to it, to increase its resistance to fire, but must be sized adequately to 

decrease the chances of failure. 

The fallowing question will most likely; what shall happen if a small 

member is needed, and it cannot be sized any larger to fit the fire protection 

requirements? The solution would be to add extra concrete to the outside of the 

member after construction, until its thickness fits the mínimum necessary size. 

The fallowing is the design analysis of the Reinfarced Concrete 

Members, included are the design number, or table used: ,,---;-;;-

:e •P» 8.5.1. Concrete Slab: 
' , 

8'8' \OHCA HCT 
6.75" reinfarced in N-S, and E-W directions POL 

Fire Protection: 

Design No.J900G. The slab will have a 2hr rating if it has a mínimum 
thickness of 4 -1/2 inches o'f reinfarced concrete. We have 6.75 inches, thus we 
fit the requirement. 

8.5.2. Columns: 

8x8 column, reinfarced with 4 no. 6 bars: 

Fire Protection: 

According to table 2.69
, far a column to have a 2 hr rating it must be 

1 Ox1 O. Therefare all of the 8x8 columns should be changed to 1 Ox1 O. 

9 Calcu lation Methods for Fire Resistance 

-~- -- - -- - - - ·---·~,~- ., •· 



12x12 column, reinforced with 4 no. 6 bars: 8-9 

Fire Protection: 

According to table 2.6, this design is satisfactory for 2 hr fire 

protection . 

8. 6 Conclusion 

Both buildings, after the fire protection design, now have a 2hr mínimum 

fire rating . The comparison that now can be made, is one of cost. The Steel 

structure must have nearly all its structural members treated, to increase their 

ratings. The Reinforced Concrete building on the other hand, only has to increase 

its 8x8 columns, to 1 O x 1 O. 

The total effect this has, on the the cost of the structures, will be analyzed 

in the next chapter. lt is safe to say though, that the tire protection for the Steel 

Structure will be considerably more expensive than that, needed for the 

Reinforced Conc rete structure. 
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Conclusions 
& 

Recommendations 

---•---

---~--- . --~-- ---- -

-- . --



9-1 

Chapter 9 Conclusion 

In this chapter of the MQP, we will present our conclusions and 

observations on both designs. We will evaluate both designs based on their , A FiCT 

-
properties. These properties are base cost, real cost, duration, risk, insulalion, 

flexib ility of design to changes, and operational costs. Through thes8 properties 

we will compare both designs and decide on one of the two designs far 

recommendation . 

The first property on our list is base cost. As previous tables and charts 

have shown, the re inforced concrete design will cost approximately $383,489.65, 

while the structural steel design's approximate base cost will be $457,146.44. 

This means that the difference between them is $73,656.79 which is a very large 

and considerable difference. Therefore, this eva luation yields an advantage to 

the reinforced concrete design. 

However, this evaluation is inconclusive because it does not take into 

account any effect of construction loans, interests, and overhead. Therefore, a 

more accurate perception needs to be established, and this is achieved by 

evaluating the designs based on real cost which includes these pararneters. This 

real cost could also be considered the final construction cost of the designs. In 

this way, the reinforced concrete design's real cost is $492,768.82 which 

represents an increase of $109,369.17 which reflects the effect of the 

contractor's 10% profit and overhead, respectively, $30,679.17 and $78,600. On 

the other hand, structural steel has a real cost of $523,418.16, representing an 
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increase of $66,271.72 which includes $36,571.72 of profit and $29,700 of 

overhead. This property is judged by the amount of increase in the design's cost, 

. therefore, structural steel has an advantage in this property. 

The construction schedule or duration is very important in judging 

between designs because it influences other factors such as risk, overhead, 

interests on construction loáns, owner's access time to his/her property, etc. So, 

with respect to this property, the construction schedules are 11 and 29 weeks 

far structural .steel and reinforced concrete respectively. That means a difference 

of 18 weeks or 4.5 months in favor of the structural steel design. The importance 

of th is difference, as mentioned befare, is measured by the effect it has on other 

properties which wi ll be discussed later. 

The evaluation of risk is a very complex and complicated task because of 

the number of variables or unknowns involved. Sorne of these are weather 

conditions, working environment Uob site congestion, project manager 

performance, worker productivity, schedule control, etc.), and change orders in 

the future. So, we will only evaluate the risk involving money which is influenced 

by the schedule control. In this context, the difference of 18 weeks in 

construction time represents an increase in risk if the concrete design is 

implemented. This increase in risk contemplates the larger duration of the 

construction loan which continues to generate interests throughout its duration 

and the increased probability of delays dueto change orders on the project or 

- ~--' _., 



weather delays. Therefore, it is clear that the steel design is less risky to the 

owner than the reinforced concrete design. 

9-3 

The other properties can be summarized briefly because they depend 

solely on the design. First, there is insulation which offers an advantage to 

re inforced concrete because, although the walls are the same in both designs, 

the floor slab thickness is greater in the reinforced concrete design. This means 

that there is less heat loss through the floor slabs giving the advantage to the 

rejnforced concrete design. 

Next, there is the flexibility of design which depe11ds on tl,e material used 

in construction. Steel, because it can be cut or fitted to attain different lengths 

and shapes, offers a complete advantage in flexibility over concrete which is 

already in place. However, befare concrete is put in place the fact that it is 

formed into place would nullify this advantage but, most of the time, changes in 

project scope occur when its elements are already in place. Therefore, using 

reality as a measuring stick, steel offers an advantage in this very irnportant 

property of a design. 

Finally, there is the issue of operational costs. These costs include 

maintenance and future changes. As far as maintenance goes, the steel design 

has an acoustical ceiling which allows better access to the "veins and arteries" 

of the mechanical systems which are all the different parts of these systems. On 

the other hand, the reinforced concrete design, which lacks this ceiling, would 

have to supply extra space for these systems and thís represents hidden costs 
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which would favor a steel design. However, the extra thickness of tho slabs in 

the re inforced concrete design means an increase in noise control within the 

· bu ilding and , since this is a college dormitory, this is an-advantage which steel 

does not offer. 

The other factor, the ability to accommodate future changes, is similar in 

both designs because the interior layouts are identical in both designs. This of 

course, as mentioned befare, excludes H.V.A.C. systems because steel can 

accommodate more options for its layout because of the acoustical ceiling. 

Therefore, both designs offer exclusive advantages which could be interpreted 

either way but, since the final evaluation has to do with the owner needs, 

flexibil ity for allocation of H.V.A. C. outweighs the small advantage of noise 

control which gives the advantage to the structural steel design. 

So, in conclusion, after these evaluations have been periormed the 

design we are inclined to recommend is the structural steel design because, 

inspite of its higher final cost, its construction schedule is shorter and this allows 

for a sooner occupation of the building by the owner, which translates into a 

sooner generation of income. 

Also, a structural steel offers a reduction in construction and financia! 

risks over reinforced concrete. This can be attributed to the regional preference 

of steel over concrete in Massachusetts which can influence labor productivity, 

building permits, insurance, labor availability, and so on. 

~ --
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Another rel evant factor, with respect to the schedule, is the avoidance of 

weather related delays. Steel is relatively independent of weather with only a 

sniall decrease in productivity due to bad weather. On the other hand, concrete 

depends on nature to provide suitable temperatures for proper curing or the 

mixing plant to include in the mix additives to achieve it. Concrete admixtures 

are very expensive and only God controls mother nature. Therefore, we can 

expect a significant reduction of this risk with the implementation of a steel 

design because its construction schedule, due to the shorter length, can be 

manipulated to concur with the end of spring and beginning of the summer 

seasons to assure suitable weather conditions for construction. Meanwhile, the 

reinforced concrete schedule is larger and less flexible meaning that sorne of the 

construction would occur under more uncertain conditions increasing risk. 

So, with this in mind, we believe that the structural steel design is the 

smartest choice amongst the two choices offered and have attempted to provide 

our conclusions and ideas to explain why this is so. 

-~--=---~-- --- • - ;;. - -- - -- -- -----
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THE MASSACHUSETTS STATE BUILDING CODE 

901 .2 Penetrations: Plans for buildings more than two stories in height shall 
indicate wherc pcne trations will be made for electrical, mechanic•aJ, plurnbing :rnd 
communica tions conduits, pipes and systems, and shall also indicate the materials 
and methods for maintaining the required structural integrity, fireresistance rating 
and firestopping. 

SECTION 902.0 FIRE HAZARD CLASSIFICATION 

902.1 Gener2!: The degree of fire . hazard of buildings and structures for each 
specific use group as defined by the fire grading in Table 902 shall determine thc 
requirements for fi re walls, fire separation . walls, and horizontal and vertical 
assemblies separating mixed uses as prescribed in Section 313.0 and ali structural 
members supporting such elements unless otherwise provided for in this code. 

902.2 Unclassifled uses: The building official shall determine the fire hazard 
classification of a bu ilding or structure designed for a use not specifically provided 
in Table 902 in accordance with the fire characteristics and potential fire hazard of 
the use group which it most nearly resembles; or its designation shall be fixed by the 

· approved rules . 

Table 902 
FIRE CRADING OF USE GROUPS 

Use Description JtiL I l, ~ 
Fire grading 

GrouJ I on hours ....... .... ,, .. 
A-1 Assembly, theaters 3 
A-2 Assembly, night clubs 3 
A-3 Assembly, recreation centers, lecture halls, 

terminals, restaurants 2 
A-4 Assembiy, churches 1½ 
B Business 2 
E Educationaf 1½ 
F Factory and industrial 3 
H High hazard 4 
1-2 lnstituticnal, incapacitated 2 
1-3 lnstitutional, restrained 3 
M Mercantile 3 

R-1 Residential, hotels 2 
R-2 Residential, multi-family dwellings 1½ 
R-3 Residential, 1- and 2- family dwellings 1 
S-1 Storage, moderate hazard 3 
S-2 Storage, low hazard 2 

9-2 780 CMR - Fifth Edition 



STRUCTURAL LOADS 

safe in ali its pa rts, adequate for its existing use, and the public saf cty 1s not 
enda:igcred thercby. 

SECTION 1106.0 UNIFORMLY DlSTRIBUTED UVE LOADS 

1106.1 Uniform live load: Toe plans for all buildings and structures in tended for 
other than R-3 and R-4 use groups shall specify the live and partition loads for 
which each floo r or part thereof has been designed. Toe mínimum uniformly 
distributed live load in pounds per square foot (psf) shall be as provided in Table 
1106, and for ali concentrated loads wherever they occur as provided in Section 
1107.0. 

Table 1106 
MlNIMUM UNIFORMLY DISTRIBUTED UVE LOADS 

Occupancy and use - ' 
Uve load (psf) 

Apartments (see Residential) 
_,.· / ' \ 

Armories and dril! rooms \ ) 150 
Assembly halls and otha: places of assembly: • 

Fixed seats 
t, .. i.. ' [ FIC 60 

Movable seats 100 
Platforms (assembly) s o 100 

Balcony and 60 (oras 
Open decks required by 

occupancy load) 

Bowling alleys, poolrooms, and similar recreational areas 75 
Cornices 75 
Court rooms 100 
Corridors : 

First floor 100 
Other floors, same as occupancy served except as 
indicated 

Dance halls and ballrooms 100 
[)ining rooms and restaurants 100 
Owellings (see Residentiai) 
Elevator machine rooms 150 
File and computer rooms in al! building types Unit load based 

on anticipated 
occupancy 

Fire escapes: 100 
On multi or single family residential buildings only 40 

Garages (passenger cars on!y) 50 
(For trucks and buses use AASTHOª lane loads) 
(see Table 1107 for concentrated load requirements) 
(see Section 1110.1 for roofs) 
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.t 7 ,· · 
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Table 1106 (cont inued) 
MINIMUM UNIFORM LY DISTRIBUTED UVE LOAD 

Occupancy or use Uve load (psf) 

Grandstands (see reviewing stands) 
Gymnasiums, main floors and balconies 100 
Hospitals: 

Operating rooms, laboratories 100 
Private rooms 40 
Wards 40 
Corridors, above first floor 80 

Hotels (see residential) 
Libraries: 

Reading rooms 60 
Stack rooms (books & shelving at 40 pcf) but not 
less than 150 
Corridors, above first floor / 

' 80 

~-
Manufacturing: ' 

Light 125 
Heavy 

re 
150 (min) 

B\ ~ 
l or occupancy load, 

ES OL if greater 
Marquees 75 
Office buildings: 

Offices 50 
Lobbies 100 
Corridors , above first floor 80 

Open parking structures (passenger cars only) 50 
Penal institutions : 

Cell blocks 40 
Corridors 100 

Residential: 
Multi family: 

Prívate apartments 40 
Public rooms 100 
Corridors, balconies, open decks 80 

1 & 2 family dwellings: 
First floor 40 
Second floor and habitable attics 30 
Unhabitable atticsb 20 

. Open decks or balconies 60 
Hotels: 

Guest rooms 40 
Public rnoms 100 
Corridors , balconies or open decks serving 

.. 
public rooms 100 

11-4 780 CMR - Fifth Edition 

' - -- - ---



STRUCTURAL LOA0S 

✓-
/,-_/_ 
. / 
/ 

!_--\-¡~~~.~~~'>"' 

B JllulE r CT 
· E PO. 

\./-;,----------------~h':~~"S7~~= 

{

,,)-~-- :;.Z::S:-=-=.~ "!"-...,-.¡_:_, 
G,::2D 1......,, , ~) 
w=-s,i=o::;:_=:, 

- ::::::>::~ ==- i w::...::::, 

_ ....... __ w-c...-r=-'._- zo~ = ~/ 

E:.;..l.6..r-,~-i 
':::O. MA-,-o-;-:::.""""'. 

\/v?::_S, t=- 1 :::-:...:::i 

Figure 1111.1 e 
SNOW LOAD MAP - ZONE 3 

780 CMR - Fifth Edition 11-13 



THE MASSACHUSETTS STATc BUILDING CODE 

11-34 

, A~ ~t? ~A......-; 

/ :=-1TC~ r:::u~ 
- - -w ~ ~ 

Figure 1112.1 B 
WIND LOAD MAP - ZONE 2 

780 CMR - Fitth Edition 



-...J 
ex, 
o 
o 
s: 
JJ 

.,, 
;: 
::T 

rn 
o. ..... 
o 
::J 

_., 
_., 

1 

w 
-...J 

Table 1112.1 
REFEFIENCE PRESSURE (POUNDS PER SQUARE FOOT) 

: 

H (feet) Zone 1 Zone 2 
Height 

Exposure Exposure above grade 

~- B e A B e A 

0-50 11 12 12 11 17 17 14 

50-100 1 ·¡ 12 18 1 1 17 24 14 

100-150 1 l 16 22 14 21 29 18 

150-200 1:3 18 25 17 24 33 22 

200-250 V ,) 20 27 20 27 36 25 

250-300 11 22 29 22 30 39 28 

300-400 19 25 31 25 33 42 32 

400-500 2:2 28 34 29 37 46 26 

500-600 24 30 37 33 41 49 41 

600-700 27 33 39 36 44 52 45 

700-800 29 35 41 39 47 55 48 

800-900 31 37 43 41 49 57 52 

900-1000 33 39 45 44 52 59 55 

Scc Table 1112. la, ncxt r•;1gc, for crnpi rical wind p1css111c fur111ul .1s. 

Zone 3 
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STRUCTU RAL LOADS 

thc direction of each of the mam axes of thc structure in accordancc with the -
following formula : 

1 V= - KCSW 
3 

1113.4.1 .1 C factor: Tht::; value of C shall be determined- in accordance with the 
following formula: 

C= o.os 
3¡t 

1 i.,T 

For all one - and two-story buildings or structures the value of C shall be zero 
poin t one (0.1 ). Toe maximum value of C need not exceed zero point one 
(0.1 ). 

T is the fund:1mental period of vibration of the structure in seconds in the 
direction un der consideration. Properly substantiated technical data for 
establ ishing the period T may be submi tted. In the absence of such data, the 
value for T for buildings shall be determined by the following formula: 

T= 

Exce_ption: In all buildings which the lateral force resisting system consists of 
a moment-resisting space frame which resists one hundred (100) percent of 
the required bteral forces and which frame is not enclosed by or adjoined by 
more rigid elements would tend to prevent the frame from resisting lateral 
forces. 

T = 0.010N 

780 CMR - Fifth Edition 11-47 
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1113.4.1.2 I< factor: 1l1e horizontal force factors K for structure.s meeting the ,._..._-'4-• 

requiremcnts of Section 1113.5 are set forth in Table 1113.1. 

Table 1113.1 
HORIZONTAL FORCE FACTORS "K" FOR STRUCTURES 

Type of arrangement of existing element 

Buildings with a box system as defined in Section 201.0 

Buildings with a dual bracing system as defined in Section 201 .O 

Buildings with a moment-resisting space trame designed to resisf 
the total required lateral force 

Other build ings 

Elevated tanks plus full contents on tour (4) or more cross-braced 
legs and not supported by a building2 

Structures other than buildings and other than those set forth in 
Table 1113. 1 

Value of K 

1.33 

0.80 

-
0.67 

1.00 

1 
3.003 

2.00 

Note l. Where v.ind load would produce higher strcsses, the wind load shall be used in Iieu of the 
loads resulting from earthquakc forces. 
Note 2. Toe minimum valuc of KC shall be zcro point twelvc (0.12) and the maximum value of KC 
nced not excced zcro po int twenty-five (0.25). 
Note 3. Toe tower shall be dcsigncd for accidental torsion of five (5) pcrcent as specified in Section 
1113.4.3. Elevated tanks which are supportcd by buildings or do not conform to type or arrangement 
oí supporting clemcnts as dcscribcd above shall be dcsigncd in accordancc with Section 1113.4.5 using 
cp = 0.2. 

1113.4.1.3 S Factor: The S Factor shall have the following values according to the 
types qf soil sites as defined below. 

Soil Site S1, S = 1 
Soi l Site S2, S 1.2 
Soil Site S3, S 1.5 

Values other than those tabulated may be used provided they are based 
on studies by a registered professional engineer and are not less than 1.0. 

Toe values of CS need not exceed zero point twelve (0.12). 

11-48 

For the purposes of determining thc S Factor, the following types of soils 
sites are defined according to the materials encountered below the 
fou ndation leve!. 

Soil Site S 1: Bedrock of any type including material Ciasses 1 through 4 
of Table 1201. 
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Material 
Class 

1a 

1b 

2 

3 

4 

5 

6 

' 

FOU NDATION SYSTEMS ANO RETAINING WALLS 

Table 1201 
ALLOWABLE BEARING PRESSU RES FOR 

FOUNDATION MATERIALS 

Allowable Net 
Oescription Notes Consistency in Bearing Pressure 

(tons/ft2
) Place 1 

Massive bedrock: 3 Hard, sound 100 
Granite, diorite rock, minor 
gabbro, basalt, jointing 

gneiss 

Quartzite, well 3 Hard, sound 60 
cemented rock moderate 

conglomerate jointing 

Foliated bedrock: 3 Medium hard 40 
slate , schist rock, minor 

jointing 

Sedimentary 3,4 Soft rock, 20 
bedrock: moderate 

cementation shale, 
~ :.::--0, jointing 

siltstone, sandstone, 
limestone, dolomite, .. 1 \ 

- 1 ) , 
conglomerate 

Weakly cemented 8 u 1 ~ I f ,CT Very soft rock 10 
sedimentary 

bedrock: compaction -
shale or other similar 

rock in sound 
condition 

Weathered bedrock: 3,5 Very soft rock, 8 
any of the above weathered 

except shale. and/or major 
jointing and 

fracturing 

Slightly cemented 7,8 Very dense 10 
sand and/or gravel, 
glacial till (basal or 

lodgement), hardpan 
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Allowable Net 
Material Description Notes Consistency in Bearing Pressure 
Class Place1 (tons/ft2) 

7 Grave!, widely 6,7,8 Very dense 8 
graded sand and Dense 6 

grave!; and granular Medium dense 
ablation till Loase 4 

Very loose 2 
Note 11 

8 Sands and 6,7,8,9 Dense 4 
nonplastic silty sands Medium dense 
with little or no grave! Loose 3 

(except for Class 9 Very loose 2 
materials) Note 11 

9 Fine sand, silty fine 6,7,9 Dense 3 
sand, and nonplastic Medium dense 

inorganic silt Loase 2 
- Very loase 1 

Note 11 

10 lnorganic sandy or 5,6, 10 Hard 4 
silty clay, clayey Stiff 2 
sand, clayey silt, Medium 1 

clay, or varved clay; Só~ Note 11 
low to high plasticity ., 

11 Organic soils: peat, 11 
lj 

Note 11 --------
organic silt, organic 

clay 
r f 

- ~- . 
Notes on Table 1201: 
l. Refer to commentary in Appendix D rcgarding typical index test values that m:ly be helpful 

as guidcs far evaluation of consistency in place. 
2. Refcr to Section 1206.0 far dctcrmination of dcsign loads and far special cases. 
3. Toe allowable bcaring pressurcs may be increascd by an amount equal to ten (10) percent 

for each foot of depth below the surface of sound rock; however, the increase shall not 
excced two (2) times the value given in the table. 

4. Far limes tone and do/omite, the bearing pressures given are acceptablc only if an exploration 
program pcrformcd undcr the dircction of a registered profcssional engineer demonstrates 
that thcrc are no cavities within the zone o[ iníluence of the foundations. If cavities exist, a 
spccial study of thc foundation conditions is required. 

5. Wcathcrcd shale and /or weathcred compaction shale shall be included in Material Class 10. 

12-4 

O thcr highly wcathercd rocks and/or residual soils shall be treatcd as soil under thc 
appropria tc dcscr iption in Material Classes 6 to 10. Where the transition bctween residual 
soil and hcdrock is gradual, a rcgistercd prof essional enginccr shall makc a judgment as to 
thc appro priatc bcaring pressurc. 

780 CMR - Fif1h Edition 
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minus thc weight of the cxcavatecl material. induce a maximum stress grcatcr than 
thrce hundred (300) pou11ds pcr squarc foot at mid-dcpth .of the undcrlying soft cby 
b\·er. 

Settlemcnt analysis v,:ill be based on a computJ.tion of the new in crease in stress thJ.t 
will be induced by the structure and reJ.listically apprJ.ised live loads, after deducting 
the weight of excavated mJ.teriJ.l undcr which the _soil was fully consolidated. ll1e 
effects of fil! loads wi thin the building areJ. or fil! and other loads adjaccnt to thc 
building shall be includcd in the settlcment analysis. The appraisal of the live loads 
may be based on surveys of actual live loads of existing buildings with similar 
occupancy. The soil compressibility shall be determined by a registered professional 
engineer. 

1204.6 Disturbance ot bearing materials: \Vhenever the bearing materials are 
disturbecl from any cause, for example, by the inward or upward flow of water and/or 
by constructic n activities , the extent of the disturbance shall be evaluated by a 
register~~d profc-ssional engineer and appropriate remedia! measures taken 
s,1tisf:-:~·t,_);-~, : (1 the build:ng official. 

SECTION 1205.0 DEPTH OF FOOTING 

1205.1 Frost protection : Ali pcrmanent supports of buildings and structures shall 
txtcnd a mi:1irnum of four (-l) feet below finished grJ.de except when erected upon 
sound h:drock c r "hen protected from frost, or when the foundation grade is 
t' :- t:1bli sh~d by a rcgistcrcd profrs~ion::11 engineer and as approved by the building 
c-: fficial. Thc en;in ,::er sh;ill show supporting data including the type and extent of 
free-dr Ji i·:ing fuunJ:1tio11 111:-iterial. ground water kvels, and climatic records. 

1205.2 _l~c!ztcd footi ng: f ootings 011 granubr soil of Classes 7 to 9 of Table 1201 
and compacted fi l! shall be so located that the line drawn between the lower edges 
of adjoining footings shall ·not have a steeper slope than thirty (30) degrees with the 
vertirnl. unle ss the material supporting the higher footing is braced or retained or 
otherwise btera·11v supported in an annroverl mann~r. 

~ • • ' 1 

1205.3 Depth of spread foundations: The bottom surface of any footing resting 
on matcriJI of Classes 5 to 10 of Table 1201, inclusive, shall be at least eighteen (18) 
:nches bclow thc lowest ground surface or the surface of a floor .slab bearing directly 
011 the soi! immediatcly adjacent to the footing. 

SECTION 1206.0 FOOTING DESIGN 

1206.1 Design loads: T he loads to be used in computing the pressure upon beJ.ring 
material s dircctly unde rlying foundations shall be the live and dead loads of the 
structurc , :1 s spcc ified in Scction 1115.0 including the weight of the foundations and 
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of :-iny immcdi:1tcly on::rlying material. but dcducting from the resulting prcssurc pcr 
square foot thc tot:-d wcight of :1 onc-( l) foot-squ:1rc·colu111n of soil. includi11g thc 
w,itcr in its voids, \vhict1 extends from thc lowest immcdiatcly adjaccnt surfacc of the 
soil to the bottom of the footing. pier or mat. Foundations shall be constructcd so 
as to resist thc m:1xim um probable hydrostatic pressures. 

1206.2 Pressure dueto lateral loads: \Vhere.the pressure 011 the be:1ring material 
dueto wind or other bteral loads is less than one-third (113) of that dueto dc;:id :rnd 
live loads, it may be neglected in thc foundation design. \Vhere this ratio exceeds 
one-third (1/J), fo undations shall be so proportioned that the pressure due to 
combined dead, li\·e, \vind lo;:ids. and other lateral loads shall not exceed the 
allow::ible bearing pressures by more than one-third (113) . 

1206.3 Earthquake loads: Special provisions shall be made m the found:llion 
d-: sig;-; to comply with the pro,·isions of Section 1113.0. 

1206.4 Vibratory loads : \Vhere machinery or other vihrations nrny be transmitted 
through ~he L,unc!ations. consideration sh~tll be given in the design of the footings 
t0 pr,~,·tnt J,:tri:nent:il disturk1nces of the soil. 

1206.5 Varying unit pressures: Foctings sha!l be so designed that the unit soil 
pre:sst!re undcr thc dcad load shall be as uniform as possible under ali parts of the 
building st :· ucturc. '-\°!J(:n nccc :.:.3:-y : :::; r st2bi!ity in the structure dueto settlement 
¡;r \·;1rying S(>!l 1..Yili.Ji'.i v 1~<:. ;1pprowd variations are permitted in the unit pressure 
u:1Jcr -Jiffrrc:1t t°(.) ;)ting'-. 

1205.6 Eccentric loads: Eccentricity of loadings in foundations shall be fully 
investigated, an d the maximum pressure on the basis of straight-line distribution 
~hJll no t excecd the al lowable bearing pressures. 

SECTION 1207.0 TIMBER FOOTINGS ANO WOOD FOUNDATIONS 

1207.1 Tirnber fooiings: Timber fo01ings are permitted fer buildings of Tyµe 5 
construction andas otherwise approved. Such footings shall be treated in accordance 
with A \VPA C2 or CJ Iisted in Appendix A. Treated timbers are not required when 
placed entirely below permanent water level, or when used as capping for wood piles 
which project above the water leve! over submerged or marsh lands. The compressive 
stresses perpendicular to grain in u_ntreated timber footings supported upon piles 
shall not excecd 70 pe rccnt of the allowable stresses for the species and grade of 
timber as specified in the NFoPA National Design Specification far vVood Constmction 
listed in Appendix A . 
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1207.2 Poi e buildings: Pole- typc bu ildings sh;1ll be dcsigncd and crcctcd in 
:-iccord:-in ce with AWPI Po/e Bui/Jing Desig11 listcd in Appcndix A. TI1c polcs shall 
be treated in accorda nce with A WPA C2 or C4 listed in .Appcndix A. 

1207.3 Wood foundations: \Vood foundation systems shall be designed and 
installed in accordance with Nf oPA TR 7 listed in Appendix A. Ali lumber ;md 
plywood shall be trc:::ited in accordance with A WPB-FDN listed in Appendix A :::ind 
sh:::ill be identifi ed as to conformance with such st~nd:::irds by an approved agency. 

SECTION 1208.0 STEEL GRILLAGES 

1208.1 General: Ali steel grillage beams sh:::ill be separated with approved steel 
spacers and shall be entirely encased in at least 3 inches of concrete and the spaces 
between the beams sh:::ill be completely filled with concrete or cement grout. When 
used on yielding soils, steel grilbges shall rest on approved concrete beds not less 
th:111 6 inches thick . 

SECTION 1209.0 CONCRETE FOOTINGS 

1209.1 Concrete strength: Concrete in footings shall have a specified compressive 
strength of no t !css than 2.500 psi Jt 28 days. 

1209.2 Design: Co ncrete footings sh:-tl l comply with Article 15 and ACI 318 listed 
in AppenJix .-\ .. 

1209.3 Thickness: T he thickness of concrete footings shall comply with Section 
1209.3.1 ~llld 1209.3.2. 

1209.3.1 Plain concrete: In pbin concrete footings, the edge thickness shall be not 
less than 8 inches for footings on soil; except that for buildings of Use Group K-3 
and buildings Iess than two stories in height of Type 5 construction, the required 
edge thickness sh:111 be reduced to 6 inches provided the footing does not extend 
beyond 4 inch<;s on either side of the supported wall. 

1209.3.2 Reinforced concrete: In reinforced concrete footings, the thickness above 
the bottom reinforcement shall be not less than 6 inches for footings on soil, nor less 
than 12 inches for foo tings on piles. The clear cover on reinforcement where the 
concrete is cast against the earth sh:::ill not be less than 3 inches. Where concrete is 
exposed to soil after it has been cast, the clear cover shall be not less th:::in 1 Vi inches 
for reinforcement of No. 5 bars-or 5/a inch diameter wire or smaller, nor Iess than 2 
inches fo r l:::irger reinforcement. 

1209.4 Deposition: Concrete footings shall not be poured through water unless 
other.vise appro, ·cd . \Vhcn poured under or in the presence of water, the concrete 
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ARTIC !E 15 

CONCRETE 

SECTION 1500.0 CONCRETE DESIGN STANDARDS 

1500.1 Reinforced and prestressed concrete: Structural members of reinforced 
concrete , including prestressed concrete, shall be designed and constructed in 
accordance with the provisions of this article and ACI 318 listed in Appendi.,x A, 
he reafte r referred to in this article as ACI 318. 

1500.2 Plain concrete : Structural members of plain concrete shall be designed and 
constructed in accordance with the provisions of this article and ACI 318.1 listed in 
Appen dix A. Concre te th at is either unreinforced or conta ins less reinforcement than 
the min imum specified for reinforced concrete by ACI 31 8 sha!l be classified as pla in 
concrete. Plain concrete shall not be used for structural members where special 
design considerations are required for earthquake or blast forces, unless specifically 
approve d. 

SECTION 1501.0 SEISMIC DESIGN PROVISIONS 

See Section 1113.0 for ali seismic design criteria. 

SECTION 1502.0 MATERIAL.., 

1502.1 General : Materials used to produce concrete and admixtures for concrete 
shall comply _with the requirements of this section and ACI 318. 

1502.2 Cements: Cement shall conform to ASTM C 150 listed in Appendix A, or 
to such other cements listed in ACI 318. 

1502.3 Aggregates: Concrete aggregates shall conform to ASTM C33 orto ASTM 
C330 listed in Appendix A. 

1502.3.1 Special tests: Aggregates failing to meet the specifications Iisted in 
Section 1502.3 shall not be used unless approved and shown by special test or actual 
service to produce concrete of adequate strength and durability. 
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reinforcing a nd wh e n it is dcm011str:1tcd that adcquate encasement of the bars at the 
splice can be achieved. 

1508.5 Rebound: Any rebound or accumulatcd loose aggregatc shall be removed 
from the surfaces to be covered prior to placing the initial or any succeeding byers 
of shotcrete. Rebound shall not be reused as aggrcgate. 

1508.6 Joints: Except where permitted herein, unfinished work shall not be allowed 
to stand for more than 30 minutes unless ali edges are sloped to a thin edge. For 
structural el ements which will be under compression and for construction joints 
shown on the approved plans, square joints are permitted. Before placing additional 
material adj acent to previously applied work, sloping and square edges shall be 
cleaned and wetted . 

1508. 7 Damage: Any in-place shotcrete which exhibits sags or sloughs, segregation, 
honeycombing, sand pockets or other obvious defects sha ll be removed 3nd replaced. 

1508.8 Curing: During the curing periods specified herein, shotcrete shall be 
maintained above 40 degr,: es F. ( 4 degrees C.) and in a moist condition. 

1508.8.1 lnitial curing : Shotcrete shall be kept continuously moist for 24 hours after 
"' shotcreting is completed or shall be sealed with an approved curing compound. 

1508.8.2 Final curing: final curing shall continue seven days after shotcreting, or 
for three days if high-early-strength cement is used, or until the specified strength 
is obtained. Final curing shall consist of either the initial curing process or the 
shotcretc slrnll be covered with an approved moisture-retaining cover. 

1508.8.3 Natural curing: Natural curing shall not be used in lieu of that specified 
above unless the re lative hu midity remains at or above 85 percent, and is authorized 
by the design architect/engineer, and approved by the bu ilding officiai 

1508.9 Strength tes t: Strength test of shotcrete shall be made in accordance with the 
quality assurance provisions of ACI 506.2 listed in Appenaix A. 

SECTION 1509.0 MINIMUM SLAB THICKNESS 

1509.1 General: The thickness of concrete floor slabs supported directly on the 
ground shall be not less than 3 1/ :: inches. An approved vapor barrier with joints 
lapped not less than 6 inches shall be placed between the base course or subgrade 
and the concrete floor slab. 
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A TIClE 18 

STEEL 

SECTION 1800.0 GENERAL 

1800.1 Scope: The provisions of this article shall govern the materials, design, 
construction and quality of steel structural members. 

SECTION 1801.0 STRUCTUR.l\L STEEL CONSTP.UCTION 

1801.1 General: Structural steel construction used in all buildings and structures 
shall be fabricated from materials of uniform quality, free from defects that would 
vitiate the strength or stability of the structure. All structural steel shall be designed 
and constructed in accordance with either the AISC Specification for the Design, 
Fabn'catian and Erection af Structural Steel far Buildings or the AISC Load and 
Resistance Factor Design Specificatian far Structural Steel Buifdings listed in Appendix 
A. 

1801.2 Temporary and special stresses: Due provision shall be made in the 
design fo r temporary stresses occurring during erection, and for the influence of 
special Ioads producing impact or vibrations as provided in Article 11. Stresses 
caused by eccentric Ioading shall be fully provided for and eccentric details shall be 
shown on the design and shop drawings. 

1801.3 Shop drawings: Complete shop drawings shall be prepared in conformance 
with the best modern practice in advance of the actual fabrication. Such drawings 
shall clearly distinguish between shop and field rivets, bolts and welds in all 
connections and details. 

1801 .4 Painting and special protection: Nl painting shall comply with the 
requirements contained in either of the AISC design specifications referenced in 
Section 1801.1. When exposed to highly corrosive fumes or vapors, or subject to 
destruction from other highly hazardous industrial processes, ali structural steelwork 
shall be protected by an approved method. 
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SUBSECTION 4.1.8. EFFECTS OF WIND 

4.1.8.1.(l) T he specifi ed externa! prcssure or suction duc to wi nd on a building as a 
whole or on cladding sha ll be calculated from 

p = 9c .c 8cp 
where p = the specified externa! pressurc actin g statically and in a direction 

normal to the surface either as a pressure (direc ted towards the sur­
face) oras a suction (directed away from the surface), 

q = thc reference velocity pressure as provided for in Sentence (3), 
C, = the exposure factor as provided for in Sentence (4), 
Cg = the gust effect factor as provided for in Sentence (5), 
CP = the externa! pressure coefficicnt for the cladding location considered 

or the shape factor for the building as a whole. The shape factor is 
equal to the algebraic diff erence of the externa! pressure coefficients 
for the windward and leeward sides of the building. 

(Information on pressure coefficients can be found in the Commcntary on Wind Loads in NBC 
Supplement No. 4, "Commentaries on Part 4 1977.") 

(2) The net specified pressure due to wind on cladding shall be the algebraic 
difference of the externa! pressure or suction as provided for in Sentence (!) and the 
spccified interna! pressure or suction dueto wind calculated from either 

(a) p¡ = qC,Cr¡ 
or 

(b) p¡ = qc.cgcpi 
where p¡ = the specified interna! pressure acting statically and in a direction 

normal to the cladding either as a pressure (directed outwards) oras 
a suction (directed inwards), 

q, C,, Cg are as provided for in Sentences (3), (4) and (5) respectively, except 
that C, shall be evaluated at the building mid-height instead of the 
height of the element considered, and 

Cpi = the interna! pressure coefficient. 
Formula (b) shall be used if the building has large openings such that the effects of 
wind gusts are transmitted to the interna! air space of the building. In the design of 
cladding adequa te allowance shall be made for regions of high local externa! pres-
sures or suctions:· ) : 

(Information on pressure coefficients can be found in the Commentary on Wind Loads in NBC 
Supplcment No. 4, "Commentaries on Part 4 1977.") 

(3) Toe reference velocity pressure q is the appropriate value specified in the 
Table ofClimatic Data in Part 2 ofthis Bylaw for the following conditions: 

(a) the reference velocity pressure q for the design of cladding shall be based on a 
probability ofbeing exceeded in any one year of 1 in JO, 

(b) the reference velocity pressure q for the design of structural members for 
deflection and vibra tion shall be based on a probability of being exceeded in 
any one ye ar of l in 1 O, 

(c) fo r ali buildings, except those listed in Clause (d), the reíerence vclocity pres­
sure q for the design of structural members for strength shall be based on a 
probability of being exceeded in any one year of I in 30, and 

(d) the reference velocity pressure q for the design o r :;,ructural members for 
strength for post-disaster buildings shall be based on a probability of being 
exceeded in any one year of I in 100. ' 

(4) Thc exposure factor C, sh:ill be 
(a) thc valuc shown in Table 4.1.8.A. for the appropriate height of the surface or 

par! of thc surfacc, 
(b) the v:iluc of thc function: (h / 30) 1' 5 but not lcss than 1.0 whcre h is the height 

above grade in fect o f the surface or par! of the surfoce, or 

,-



(c) if a dynamic approach to the action of wind gusts is uscd, an appropriatc 
value dcpcnding on both height and shiclding. 

(lnforma tio n on a dyn amic approach can be found in thc Commcntary on Wind Loads in N13C 
Supplement No. 4, "Commcntaries on Part 4 1977.") 

Table 4.1.8.A. 

Forming Part ofSentence 4.1.8 .. 1.(4) 

Height, ft 
; 

Exposurc Factor f., 
\ ,~' 

Oto 40 \· 1.0 . 1/ 
Over 40 to 60 '' 1.1 ., 

60 to 90 1.2 ., 
90 to 130 B1.1Llú l ~fi F e r 1.3 

" 130 to 190 ESI o 1.4 
" 190 to 270 1.5 
" 270 to 420 1.6 
" 420to 740 1.8 ., 

740 to 1,200 2.0 

Column I 2 
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(5) The gust eff ect factor Cg is one of the following values: Gust etfect 
(a) 2.0 far structural members, factor 

(b) 2.5 far small elements includine claddine. or 
(c) if a dynamic approach to the- action o-f wind gusts is used, an appropriate 

value depending on the turbulence of the wind and the size and natural fre­
quency of the structure. 

(lnformation o n a dynamic approach to the action of wind gusts can be found in the Commcn­
tary on Wind Loads in NBC Supplement No. 4, ·'Commentaries on Part 4 1977.") 

4.l.~.2.(1) fluildings whose height is greater than 4 times their minimum effective Dy11a111ic 
width or greater than 400 ft and other buildings whose light weight, low frequency etfects ofwind 

and low damping properties make them susceptible to vibration shall be 
(a) designed by experimental methods for the danger of dynamic overloading 

and yibratio n and the effects of fatigue, or 
(b) designed usi ng a dynamic approach to the action ofwind gusts. 

(lnformation on dynamic approach to the action of wind gusts can be found in the Commentary 
on Wind Loads in N BC Supplcment No. 4, "Commentaries on Part 4 1977.") 

4.1.8.3.(1) Buildings and structural members shall be capable of withstanding the 
effects of 

(a) the ful! wind load over the entire arca, or 
(b) 0.75 times the ful! wind tc:iad acting over any portian of the area and ful! load 

on the rest of the arca. 
whichever produces thc grcatest effect on the building or member concerned. 

4.1.8.4.(1) In the dcsign of interior walls and partitions due consideration shall be 
givcn to diffcrenccs in air pressure on opposite sides of the wall or partition which 
may result from 

(a) prcssurc dit!c rences between the windward and leeward sidcs of a building, 
(b) st ack cífects duc to a ditkrence in air temperature between th e exterior and 

interior ot' thc h11ildi11g, and 
(e) air prcssuriza tiún by thc mcch:111ical scrviccs of the b,iilding. 

Ful! and partial 
loading 

Interior walls 
and partitions 
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SUBSECTION 4.1.9. EFFECTS OF EARTHQUAKES 

4.1.9.1.(1) The specilied loa<lin g dueto ca rthquake moti on shall be detcmlined 
(a) by thc analys is given in this Subscction, or 

,· 

(b) by a dynamic analysis providcd tha t the acceleration ratio, A, is not less than 
that givcn in the Table of Clima tic Data in Part 2 of this Bylaw and providcd 
that thc dynamically dctermined value of V is not less than 90 per cent of that 
detcrmined by the analysis of Clause (a). 

(Information on an appropriate dynamic approach consisten! with the specified acceleration 
ratio includin g a recommended respo nse spectrum and ductility factors can be found in the 
Commenta ry on Dynamic Ana lys is for the Seismic Response of Uuildings in N [lC Supplement 
No. 4, "Commcntaries on Part 4 1977.") 

(2) In this Subsection 
A = acceleration ratio= the ratio of the specificd horizontal ground accel­

eration to the acceleration dueto gravity. 

D = the dimension of the building in a direction parallel to the applied 
forces. 

0 0 = plan dimension of the building in th e direction of the computed eccen­
tricity. 

D. = the dimension of the lateral force-resisting system in a direction paral-
lel to the applied forces. · 

e = computed eccentricity between the centre of mass and centre of 
rigidity at the leve! being considered. 

e, = design eccentricity at leve! x. 

F = foundation factor as given in Sen tence 4.1.9.1.(9). 

F1 = portion of V to be concentrated at the top of the structure as defined 
in Sen ten ce 4.1.9.1.( 11). 

F. = lateral force applied to leve) x. 

h;,h.,h. = the height above the base (i=O) to leve! "i", "n" or "x", respectively. 

I = importance factor of the structure as dcscribed in Sentence 4.1.9.1.(8). 

J = numerical rcduction coefficient for base overturning moment as defi­
ned in Sentence 4.1.9.1.(14). 

J, = numerical reduction coefficient for moment at leve! "x" as defi.ned in 
Sentence 4.1. 9 .1.( 15). 

K = numerical cocfficient that reflects the material and type of construc­
tion, damping, ductility and/or energy-absorptive capacity of thc 
structure as given in Sentence 4.1.9.1.(7). 

Level i = any leve! in the building, i = 1 fus t level above the base. 

Leve! n = that leve! which is uppermost in the main portion of the structure. 

Leve! x = that leve! which is under design consideration. 

M .. = torsional momcnt at ievel x. 

N = the total number of storeys above exterior grade to leve! "n". (Nis usu­
ally numerically equal to n.) 

S = seismic response factor for the structure as defined in Sentence 4.1.9.­
. 1.(5). 

SP = horizontal force factor for part or portion of a structure, a~ given in 
Table 4.1.9.C. 

T = fundamental period of vibration of the building or structure in seconds 
in the direction under considera tion. 

V = minimum lateral seismic force a t the base ofthc structure. 

V P = lateral force on a parl of thc structure. 



W = dead load including thc following: 
25 per cent of the dcsign snow load spccified in Subsection 4.1.7.; for 
areas uscd for storage, thc ful! design livc load modified according to 
Sentence 4.1.6.3.(4); the full contcnts ofany ta nks. 

W;,W. = that portion of W which is located at or is assigned to leve! "i" or "x", 
respectively. 

W P = the weight of a part or portion of a structure, e.g. cladding, partitions 
and appendages. 
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(3) Earthquake forces shall be assumed to act in any horizontal direction. Direction of 
Except where required otherwise by the authority having jurisdiction, indepcndent forces 
design about each of the principal axes shall be considered to provide adequate 
resistance in the structure for earthquake forces applied in any direction. 

(4) The mínimum lateral seismic force, V, assumed to act nonconcurrently in Lateral seismic 
any direction on the building shall be equal to the product of force 

A·S·K·I · F·W 
where A is lhe acceleration ratio, given in the Table of Climatic Data in 
Part 2 of this Bylaw, and the value of this ground acceleration is assumed 
constant within each seismic zone as defined in the Commentary on 
Effects of Earthquakes in NBC Supplement No. 4, "Commentaries on Part 
4 1977." ;r, 

(Within seismic Zone 3, peak horizontal ground accelerations corresponding to I in 100 proba­
bili ty of annual exceedance can be larger than the assumed constan! value. Information con­
cerning the calculation of acce!eration for special sites is contained in the Commentary on 
Effects of Earthquakes in NBC Supplement No. 4, "Commentaries on Part 4 1977.") 

(5) The seismic response factor, S, shall be equal to 0.5/(TYJ) but need not 
exceed 1.00. 

(6) Except where techn.ical data prov~ otherwise, the fundamental period, T, in 
Sentence (5) shall be equal to 0.05h0 / y D where h0 and D are in feet, except that 
where the lateral force-resisting system consists of a moment-resisting space frame 
which resists 100 per cent of the required lateral forces and the frame is not enclosed 
by or adjoined by more rigid elements that would tend to prevent the frame from 
resisting lateral forces, the fundam~ntal period, T, shall equal 0.1 N. 

(7) Values of the numerical coefficient, K, shall conform to Table 4. I .9.A. 

Seismic 
response factor 

Fundamental 
period 

Types of 
construclion 

(8) The importance factor, I, shall equal 1.3 for all post-disaster buildings and Importance 
schools, and 1.0 for ali other buildings. factor 

(9) The foundation factor, F, shall conform to Table 4.1.9.B., except that the Foundation 
product FS need not exceed I. factor 
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7 

Table 4. 1.9.A. 

Forming Part of Scnt cncc 4. 1.9. 1.(7) 

Type or Arrangemcnt of Resisting Elemen ts 

Bui/dings with a ductile moment-resi sting space frame<2>-< 3> 

with the capacity to resist the total requ ired force. 

Buildings with a dual structural system consisting of a 
complete ductile moment-resi.sting space frame and duc­
tile flexura! wa!ls<4> designed in accürdance with the fol­
lowing criteria: 

The frames and ductile flexura! walls shall resist the to-
tal lateral force m accordance with their relative 
rigidities considering the interaction of the flexura) walls 

,· 

Valuc 
ofK 

0.7 

and frames. In this analys is the maximum shear in the , 
frame must be at least 25 per cent of the total base 111 LI 

1 

shear. 0.7 

Buildings with a dual structural system consisting of a 
complete ductile moment-resis ting space frame and shear 
wa1Is<5> or steel bracing designed in accordance with the 
following criteria: 

(a) The shear walls or steel bracing acting independ­
ently of the ductilc moment-resisting space frame 
shall resist the tota l required la teral force. 

(b) The ductile moment- res isting space frame shall have 
the capacity to resist not less than 25 per cent of the 
required lateral force, but in no case shall the ductile 
morncnt-rcsisting spa.:c frame have a lower capacity 
than that required in accordance with the relative 
rigidities. 

Bui/dings with ductile flexura! walls<4> and buildings with 
ductile framing systems not otherwise classified in this Ta­
ble as Cases l, 2, 3 or 5. 

Buildings with a dual structural system cons1stmg of a 
complete ductile moment-resisting space frame with ma­
sonry infilling designed in accordance wi th the following 
criteria: 

(a) The wal! system comprising the infilling and the con­
fining elements acting independently of the ductile 
moment-resisting space frame shall resist the total 
required lateral force. 

(b) Toe ductile moment-resisting space frame shall have 
the capacity to resist not less than 25 pcr cent of the 
required lateral force. · 

Buildiñgs (other than Cases I , 2, 3, 4 and 5) of(a) continu­
ously reinforced concrete, (b) structural steel, and (c) rein­
forccd masonry shear walls. 

Bui/dings of unreinforced masonry and ali other structural 
systems except Cases 1 to 6 inclusive and those set forth in 
Tabie 4. i.9.C. 

0.8 

1.0 

1.3 

IY61 

2.0 

3 

> 

Col. I 2 L__ __ .l_ _________________ _J,.____ .. 
, . 
.: .,, 

,. 
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Table 4.1.9.A. (Cont'd) 

Type or Arrangement of Resisting Elements 
Yalue 

Case ofK 

8 Elevated tanks plus full contents, on 4 or more cross-
braced legs and not supported by a building, designed in 
accordance with the following critcria: 

(a) The mínimum and maximum value of the product 
SKI shall be taken as 1.2 and 2.5 respectively. 

(b) For overturning, the factor J as set forth in Senten·ce 
4.1.9.1.(14) shall be 1.0. 

(c)The torsional reguirements of Sentence 4.1.9.1.(15) 
shall apply. 3.0 

Col- 2 3 
umn 1 

Notes to Table 4.1.9.A.: 
<1> Explanatory notes on thc various cases can be found in the Commentary on Etfects of Earth­

quakes in N BC Supplement No. 4, "Commentaries on Part 4 1977." 
<2> A space frame is a 3 dimensional structural system composed of interco nnected members lat­

erally supported so as to function as a complete self-contained unit with or without 
horizon ta l d iaphragms. 

(Jl A ductile moment-resisting space frame is a space frame that is designed to resist the spec­
ified seismic forces and that, in addition, has adequate ductility or energy-absorptive 
capacity. · 
(Information on ductile moment-resisting space frames can be found in the Commentary on 
Effects of Earthquakes in NBC Supplement No. 4, "Commentarics on Part 4 1977.") 

C
4

J A ductile flexura! wall is a ductile flexura] membcr cantilevering from th e foundation consist­
ing of a ducti le reinforced concrete wall designed a nd detailed according to CSA A23 .3- l 973, 
"Code for the Design of Concrete Structures for Buildings," Chapter 19, Special Provisions 
for Seismic Design. 

<
5I Shear walls may be either flexura! walls or shear walls as defined in CSA A23.3-1973, "Code 

for the Design of Concrete Structures for Buildings," Chaptcr 19, Special Provisions for 
Seismic Design . · 

<61 Exceptas requircd by Sentence 4.1.9.3.(1). 

(10) The weight, W, of the structure shall be calculatcd in accordance with the 
following formula: 

n 
W= L W¡ 

l = 1 

(11) The total lateral seismic force, V, shall be distributed as follows: 
(a) a portia n F 1 shall be assumed to be concentrated at the top of the structure 

and egua! to 0.004Y(h0 /D,)2, except that F 1 need not exceed 0.15 V and may 
be considcred as zero far (hJD,) < 3. 

(b) the remainder, V - F 1, shall be distributed along the height of the building 
inc!udi:1g the top level in accordance with the following formula: 

n 
F, = (V - F1) W,hJ( L W,h,), and 

i = I 
(e) the tota l shea:- in any horizontal plane shall be distributed to the various ele­

ments of thc lateral force-rcsisting systcm in proportion to their rigiditics with 
due rcgard to the capacitics and stitfoesses of the 11onstructural elemcnts. 

,· 
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Overturning 

Table 4.1.9.B. 

Forming Part of Scntcnce 4. 1.9.1.(9) 

Type and Depth of Soi/ 1
> F 

Rock, dense and very dense coarse-grained soils, very stiff and hard 
fine-grained soils; compact coarse-grained soils and firm and stiff 
fine-graincd soils from O to 50 ft deep 1.0 

Compact coarsc-grained soils, firm and stiff fine-grained soi/s with a -
depth greatcr than 50 fl; vcry loase and loase coarse-grained soils -
and very soft and soft fine-grained soils from O to 50 ft deep 1.3 > 

' 
Very loose and loase coarse-grained soils, and very soft and soft fine-
gra ined soils with depths greater than 50 ft ~ 1 5(1><J) 

,._¡ • ,11 • 

Column 1 2 

Notes to Table 4.1.9.B.: 
<1> Soil depth shall be measured fromfoundation or pile cap leve!. D escriptive terminology relat­

in'g to the soils is as defined in Section 4 .2. 
<2> Where soil deposits are of the order of 300 ft or more, amplifica tion factors greater than those 

given in the Table may arise in the case of tall buildings. 
<J> The possibi li ty of ground failure beneath the structu re due to excessive settlement or Liquifac­

tion ofvcry loose sands and loss ofs trcngth ofsensitive clays shall be considered. 

(12) Parts of buildings as described in Table 4.1.9 .C. and their anchorage sh a ll 
be designed for a lateral force, V P' equal to ASP W P' distributed according to the dis­
tribution of mass of the element under consideration_ 

(13) The values ofSP in Sentence (12) shall conform to Table 4.1.9.C. 

(14) The overturning moment, M, at the base of the structure shall be multiplied 
by a reduction coefficient, J, where 

(a) J = I where T is less than 0.5, 
(b) J = ( 1. 1 - 0.2T) where T is a t least 0.5, but not more than 1.5, and 
(c) J = 0.8 where T is greater than 1.5. 

(15) The overturning moment M. at any leve! x shall be multiplied by J. where 
J, =J + (1-J) (hJh 0 )J 

The incremental changes in the design overturning moments, in the storey under 
consideration, shall be distributed to thc various resisting elements in the same pro­
portion as the distribution of shears in the resisting system. Where other vertical 
members are provided which are capable of partially resisting the overturning 
moments, a redistribution may be made to these members if framing members of 
sufficient strength and stiffness to transmit the required loads are provided_ Where a 
vertical-resisting element is discontinuous, the overturning moment carried by the 
lowest storey of that element shall be carried down as loads to the foundation. 



Table 4. 1.9.C. 

Forming Part o f Sen ten ce 4.1.9.1.( 13) 

Cate-
Part o r Portion of Building 

Dircction of Value 
gory Force of Sr 

1 
Ali exterior and interior walls except Normal to 

2 
those of category 2 and 3 flat surface 

2 
Cantilever parapet and other can- NormJ.l to 

10 
tilever walls except retaining walls flat surface 

3 
Exterior and interior ornamentations Any direc-

10 
and appendages tion 

Towers, chimneys, smokestacks, ali 
when less than I O ft high above the 

4 
building, machinery, fixtures and Any direc- ( ft~~ii 
equi pmen t, pipes, tanks plus contents tion ,h:r ., 
and penthouses, ali when connected 1, 

~ 

to or forming part of a building ~,:·;-;¡ 
/ 

Towcrs, chimneys and 
. 

smokestacks r e Any direc- t w j(J) 5 more than 10 ft high above the 
bui/di,ig 

tion ' ... -
6 Tanks plus contents whcn resting on Any direc- ¡m 

the ground tion 

7 Floors and roofs acting as dia- Any direc- 1 (4) 

phragms tion 

Connections for exterior and interior 

8 walls and elements, except those Any d irec-
25 

forming part of the main structural· tion 
system 

Col-
2 3 4 

umnl 

Notes to Table 4.1.9.C.: 
<1> When h/0 of any building is equal to or greater than 5 to 1. increase value by 50 per cent. 
<
2> The value shall be increased 50 per cent for pipes and containers fo r toxic or explosive mate­

rials, for materials having a flash point below IOOº F or for firdighting íluids. 
t3> Lower values of SP may be used if they can be proven by analysis. 
' 4> Floors and roofs acting as d iaphragms shall be designed for a mínimum force corresponding 

to a value o f Sp= 1 applicd to loads tributary from that s/orey, unlcss a grcater force F. is 
assigned to thc Ievel under r.onsideration as in Sen ten ce 4.1.9.1.( 11 ). 

,· 
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,-

(16) Torsional moments in the horizontal plane of the building sha ll be com­
puted in cach storey using the following formula: 

M1, = (V~ . ± F.) e, 
1 = 1 

(Sevcre modal coupling may occur in symmetrical or nearly symmetrical structures when the 
fundamental la teral and torsional periods are nearly equal. Information on this phcnomenon is 
given in the Commentary on Etfects of Earthquakes in NBC Supplement No. 4, "Commentaries 
on Part4 1977.") 

(17) The design eccentricity, e., in Sentence (16) shall be computed by one of 
the following equations, whichever provides the greater stresses: 

(a) e,= l.5c+0.05D 0 , or 
(b) e,= O.Se - 0.05D0 

(18) When the maximum design eccentricity exceeds 0.25D
0

, 

(a) a dynamic analysis shall be made, or 
(b) the adverse effccts of torsion as computed in Sentcnce 4.1.9.1.(16) shall be 

doubled. . 

(Information on a dynamic analysis can be found in the Commentary on Dynamic Analysis for 
the Seismic Response of Buildings in N BC Supplement No. 4, "Commentaries on Par! 4 1977.") 

(19) The bui/d,1!g design shall take full account of the possible effects of set­
backs. 
(A definition oí setback together with a rccommended design procedure for buildings having set­
backs is contained in thc Commentary on Etfects of Earthquakes in NBC Supplement No. 4, 
"Commen tarics on Part 4 1977.") 

4.1.9.2.(1) Lateral deflections of a storey relative to its adjacent storeys shall be 
considered in accordance with accepted practice. 

(2) Lateral deflections of a storey relative to its adjacent storeys obtained from 
an elastic analysis using the loads given in Sen ten ce 4. l.9.1. ( 11) shall be multiplied 
by 3 to give realistic values of anticipated deflections. 

(3) Ali portions of the structure shall be designed to act as integral units in 
resisting horizontal forces, unless separated by adequate clearances which permit 
horizontal deficctions of the structure consistent with values of deflections calcu­
lated in accordancc with Sentence 4. l.9.2.(2). 

(4) Toe nonstructural components shall be designed so as no t to transfer to the 
structural system any forces unaccounted far in the design, and any interaction of 
rigid elcments such as walls and the structural system shall be designed so that the 
capacity of the structural system is not impaired by the action or failure of the rigid 
elements. 

(5) To prevent collision of buildings in an earthquake, adjacent structures shall 
ei ther be separated by twice the sum of their individual deflections obtained from an 
elastic analysis using thc loads given in Sentence 4.1.9.1.(11) or shall be connected to 
each other. 

(6) The method of connection in Sentence (5) shall take into account the mass, 
stiffness, strcngth, ductility and anticipated motion of the connected buildings an<l 
the charactcr of the connection. 

(7) The connected buildings in Sentence (5) sha ll be assumed to have a K value 
cqua l to that of the lcast <luctile of the buildings connected, unless a lower value can 
be justi fi cd by ra tional analysis. 



(8) Exccpt in seismic Zonc O, pile footin gs of every building o r structure shall be 
interconnectcd continuously by ties in at least 2 directi o ns. designcd to carry by tcn­
sion or com prcss io n a hori zo nta l force cqual to 10 per cent o f thc largcr pile cap 
load ing, unless it can be demonstrated that equivalent restraints can be provided by 
other means. 

,-

4.1.9.3.(1) Buildings more than 3 storeys in height in seismic Zones 2 and 3 shall Speci a l 
havc a structural system as described in Cases 1, 2. 3, 4, 5 and 6 ofTable 4.1.9.A. In Provisions 
addi tion, for buildings in seismic Zone 3 more than 200 ft in height and with a struc-
tu ral system o f C a se 6 the value of K shall be incrcased to 2.0. 

(2) The design for any structural system which has an assigned value of K of 1 
or less, shall ensure that when any member yields the remaining members of the 
structure sha ll be capa ble of resisting 25 per cent of the design seismic force includ­
ing the effects of torsion. 

(3) For buildings in Zones 2 and 3 in which discontinuities in columns or shear 
walls occur, special design provisions shall be made to ensure that failure at the 
point of di sco ntinuity will not occur before the capacity of the remaining portian of 
the structure has been rea lized. 

(4) In seismic Zones 2 ar.d 3, reinforcement conforming to Clause 3.1.19. of 
CSA S304- l 976, "Masonry Design and Construction in Buildings" shall be provided 
for masonry construction in 

(a) loadbearing a nd la teral load-resisting masonry, 
(b) masonry enclosing elevator shafts and stairways, or used as exterior cladding, 

and 
(c) masonry partitions, except for partitions which 

(i) do not exceed 40 lb per sq ft in weight, and 
(ii) do not exceed 10 ft in height and are laterally supported at the top. 

SUBSECTION 4.1.10. OTHER EFFECTS 

4.1.10.1.(1) T he mí nimum specified load applied horizontally a nd normal to the Loads on 
span a t the top of every required guard shall be guards 

(a) 40 lb/ lineal ft for exterior balconies of individual residential units anda con-
centrated loa d of 200 lb applied concurren ti y, 

(b) l 00 lb/ lineal ft for exits and stairs, 
(e) 150 lb/ linea l ft for assembly occupancies, except for grandstands and stadia, 
(d) 250 lb/ lineal ft for grandstands and stadia including ramps, 
(e) 300 lb/ lineal ft for vehicle guard rails for parking garages applied 21 in. above 

the roadway a n<l' mínimum total load of 2,500 lb uniformly distributed over 
each vehicle space applied 21 in. above the roadway, and 

(f) a 125-lb concentrated load applied at any point for industrial catwalks and 
other areas where crowding by man y people is very improba ble. 

(2) Individual ek.n~nts within the guard, including solid panels and pickets, 
shall be designed for 20 psf or 100 ib of concentrated load at any point in the ele­
ment, whichever results in the more critica! loading condition. The loads need not 
be considered to act simultaneously with the loads provided for in Sentence (1) and 
(3) . 

(3) The mínimum spccified load applied vertically a t thc top of evcry requircd 
guard sha ll be 100 lb/ lineal ft and nccd not be considered to act simultaneously with 
the horizontal load providcd for in Sentence (1) . 
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4.1.10.2. The ftoor assembly and other s tructural ekments that suppor t fixed seats 
in any building used for assembly occupancies to accomrnodate largc numbers of 
peoplc at onc time, such as grandstands, stadium and theatre balconies, shall be 
designed to resista horizontal force equal to a t least 20 lb pcr linea l foot of seats ac t­
ing parallcl to each row of seats, and al leasl 10 lb pcr linea l foot acting at right 
anglcs to each row of scats, assuming such forces to be acting indcpendently of cach 
other. 

4.1.10.3. The mrn1mum specified load due to equipment, machinery or othcr 
objects or persons that may produce impact, is the total of the weight of the equip­
ment or machinery plus its maximum lifting capacity, or the appropriate live load, 
mul ti p lied by an appropriate factor listcd in Table 4. 1.1 O.A. Where dynamic effects 
such as resonance and fatigue are likcly to be important as a result of vibration of 
equipment or machinery, a dynamic analysis shall be carried out. 

Table 4.l.10.A. 

Forming Part of Article 4. 1. 10.3. 

Impact Due to . Factor 
/..,--

-
Operation of motor driven cranes ·: '1 1.25 
Oper:ition of hand driven cranes / 1.10 
Lil'e loads on hanger supported floors and 

stairs 
DIU \Cl t hC1 1.33 

Opcration of elevators Sce CSA B44-1975, 
ESP« )L C la use 2.6.2. 

Supports for light machinery, shaft or 
motor driven 1.20 

Supports for reciproca ting machinery 
or power driven units 1.50 

Column 1 2 

4.1.I0.4.(1) The mínimum horizontal specified loads on crane runway rails are 
(a) the lateral force which shall be 

(i) for power-operated crane trolleys, 20 per ce nt, and for hand operated trol­
leys, 1 O pcr cent, of the sum of the weigh ts of the lifted loads and of the 
c rane trolley excluding other par ts of the crane, 

(ii) applicd at the top of the rail, one-half on each side of the runway, and 
(iii) considered as acting in either direction normal to the runway raíl, and 

(b) the longitudinal force which shall be 
(i) 1 O per cent of the maximum wheel loads of the crane, and 

(ii) applied at the top of the raíl. 

SECTION 4.2 FOUNDATIONS 

SUBSECTION 4.2.1. GENERAL 

4.2. l. l. This Section applies to excavations and foundation systems for buildings. 

SUBSECTION 4.2.2. DOCUMENTS, APPROVAL ANO INSPECTION 

4.2.2. t. U nkss cxempted by the awhority having jurisdiction a subsurface investiga -
1iu11, incluJing groundwater conditions, shall be carried out undcr the direction of a 
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Appendix F 

Computer Analysis for 
Steel Frame 



f- 1 
PLANE FRAME ANALYSIS FOR WIND STEEL DESIGN (N-S side) 

***Preliminary*** 

NUMBER OF JO INTS = 20 
,,. ... '3ER OF MEMBERS = 28 

t-. JER OF MATERIALS = 1 
NUMBER OF SUPPORT JOINTS 4 
NUMBER OF LOADED JOINTS = 16 

JOINT DATA 

JOINT X y RESTRAINTS 
1 . 000 .000 1 1 1 
2 . 000 66.000 o o o 
3 .000 186.000 o o o 
4 . 000 306.000 o o o 
5 .000 432.000 o o o 
6 318.000 432.000 o o o 
7 318.000 306.000 o o o 
8 318.000 186.000 o o o 
9 318.000 66 . 000 o o o 

10 318.000 .. 000 1 1 1 
11 744.000 .000 1 1 1 
12 744.000 66.000 o o o 
13 744.000 186.000 o o o 
14 744.000 3C6.000 o o o 
15 744.000 432.000 o o o 
16 1062.000 432.000 o o o 
17 1062.000 306.000 o o o 
18 1062.000 186.000 o o o 
19 1062.000 66.000 o o o 
20 1062.000 .000 1 1 1 

MEMBER DATA 

MEMBER Jl J2 AX IZ E 
1 1 2 7.080 18.300 29000.0 
2 2 3 7.080 18.300 29000.0 
3 3 4 7.080 18.300 29000.0 
4 4 5 7.080 18.300 29000.0 
5 5 6 11.800 612.000 29000.0 
6 4 7 20.000 1480.000 29000.0 
7 3 8 20.000 1480.000 29000.0 
8 2 9 20.000 1480.000 29000.0 
9 9 10 9.130 110.000 29000.0 

10 8 9 9.130 110.000 29000.0 
11 7 8 9.130 110.000 29000.0 
12 6 7 9.130 110.000 29000.0 
13 6 15 11.800 612.000 29000.0 
14 7 14 20.000 1480.000 29000.0 
15 8 13 20.000 1480.000 29000.0 
16 9 12 20.000 1480.000 29000.0 

7 11 12 9.130 110.000 29000.0 
a 12 13 9.130 110.000 29000.0 

19 13 14 9.130 110.000 29000.0 
20 14 15 9.130 110.000 29000.0 
21 15 16 11.800 612.000 29000.0 
22 14 17 20.000 1480.000 29000.0 



23 
24 
25 
26 
"7 
a 

JOINT 

JOINT 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

·ornT 

JOINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

\( '3ER 

MEMBER 
1 
1 
2 

13 18 20.000 
12 19 20.000 
19 20 7.080 
18 19 7.080 
17 18 7.080 
16 17 7.080 

LOADS 

wx 
3.000 
3.800 
3.900 
2.000 

.000 

.000 

. 000 

. 000 

.000 

. 000 

.000 

. 000 

.000 

. 000 

. 000 

·ººº 
DISPLACEMENTS 

X-DISP 
.00000 
.05272 
.27620 
.41713 P."' 
.:47809 ¡:, f\ 
.47619 
.41517 
.27431 
.05123 
.00000 
.00000 
.05807 
.27304 
.41374 
.47405 
.47365 
.41356 
.27290 
.04988 

·ººººº 
END LOAI)S 

1480.000 
1480.000 

18.300 
18.300 
18.300 
18.300 

WY 
-108.900 
-77.800 
-46.300 
-13.500 
-30.500 
-86.050 

-141.150 
-196.250 
-196.250 
-141.150 
-86.050 
-30.500 
-13.500 
-46.300 
-77.800 

-108.900 

Y-DISP 
.00000 

-.07793 
-.15683 
-.19104 
-.19911 
-.29850 
-.28388 
-.23078 
-.11353 

.00000 

.00000 
-.11372 
-.23119 
-.28439 
-.29902 
-.20289 
- . 19468 
- . 15983 
-.07934 
-. 00000 

29000.0 
29000.0 
29000.0 
29000.0. 
29000.0 
29000.0 

MZ 
-155.70 
-155.70 
-155.70 
-76.70 
-60.90 

-123.70 
-123.70 
-123.70 

Z-ROT 
.00000 

-.00035 
-.00049 
-.00057 
-~00064 
-.00032 
-.00037 
-.00051 
-.00045 

.00000 

.00000 
-.00025 
-.00018 

.00002 

.00009 

.00063 

.00057 

.00051 

.00037 

.00000 

123.70 
123.70 
123.70 

60.90 
76.90 

155.70 
155.70 
155.70 

JOINT AXIAL FORCE SHEAR FORCE MOMENT 
1 212.419 .911 32.89 
2 -242.419 :... . 911 27.23 
2 135.002 .638 3.8. 90 

F- -
/ 
'-



F- -
~ -

2 3 - 135.002 -.638 37.71 
3 3 58.546 .287 17.55 
3 4 -58.546 -.287 16.85 
4 4 13.150 -.047 -2.68 
4 5 -13.150 .047 -3.29 
5 5 2.047 -.350 -73.41 
5 6 -2.047 .350 -37.88 
6 4 3.566 -.904 -169.86 
6 7 -3.566 .904 -117.64 
7 3 3.448 -1.344 -210.96 
7 8 -3.448 1.344 -216.56 
8 2 2.728 -1.483 -221.83 
8 9 -2.728 1.483 -249.70 
9 9 455.437 4.823 137.17 
9 10 -455.437 -4.823 181.13 

10 8 258.696 3.664 218.45 
10 9 -258.696 -3.664 221.22 
11 7 117.168 1.951 120.64 
11 8 -117.168 -1.951 113.51 
12 6 30.717 .333 22.33 
12 7 -30.717 -.333 19.64 
13 6 1.714 -.133 -45. 36" 
13 15 -1.714 .133 -11.15 
14 7 1.948 -.503 -146.35 
14 14 -1.948 .503 -68.11 
15 8 1.736 -.966 -239.10 
15 13 -1.73 tí', .966 -172.39 
16 9 1.569 -.992 -232.39 
16 12 -1.569 .992 -190.19 
17 11 456.210 5.590 196.31 
17 12 -456.210 -5.590 \ 172.61 
18 12 259.197 4.380 . 260.93 
18 13 -259.197 -4.380 264.62 
19 13 117.361 2.904 169.15 
19 14 -117.361 -2.904 179.32 
20 14 30.755 1.283 78.90 
20 15 -30.755 -1.283 82.72 
21 15 .432 .122 -10.66 
21 16 -.432 -.122 49.45 
22 14 .327 .052 -66.41 
22 17 - .327 -.052 83.03 
23 13 .260 -.280 -137.68 
23 18 -.26ú .280 48.75 
24 12 .359 -.229 -119.65 
24 19 -.359 .229 46.85 
25 19 246.835 1.376 48.41 
25 20 -246.835 -1.376 42.44 
26 18 137.706 1.018 61.71 
26 19 -137.706 -1.018 60.44 
27 17 59.626 .758 45.73 
27 18 -59 . 626 -.758 45.25 
28 16 13.378 .432 27.45 
28 17 -13.378 -.432 26.94 

..• CTIONS 

JOINT RX RY MZ 
1 -.911 242.419 32.89 

10 -4.823 455.437 181.13 



11 
20 

-5.590 
-1.376 

456.210 
246.835 

•, 

196.31 
42.44 

\ 

F- 'f 



PLANE FRAME ANALYSIS FOR EARTHQUAKE STEEL DESIGN (N-S side 
***Pre lirninary*** 

'TUMBER OF JOINTS = 20 
,,T"''BER OF MEMB ERS = 2 8 

t\ i3ER OF MATERIALS = 1 
NUMBER OF SUPPORT JOINTS = 4 
NUMBER OF LOADED JO I NTS = 16 

JOINT DATA 

JOINT X 
.000 
.000 
.000 
.000 
.000 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

MEMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

7 
~B 
19 
20 
21 
22 

DATA 

318.000 
318. 00-0 
318.000 
318.000 
318.000 
744.000 
744.000 
744.000 
744.000 
744.000 

1062.000 
1062.000 
1062.000 
1062.000 
1062.000 

Jl J2 
1 2 
2 3 
3 4 
4 5 
5 6 
4 7 
3 8 
2 9 
9 10 
8 9 
7 8 
6 7 
6 15 
7 14 
8 13 
9 12 

11 12 
12 13 
13 14 
14 15 
15 16 
14 17 

y 
.000 

66.000 
186.000 
306.000 
432.000 
432.000 
306.000 
186.000 

66.000 
. 000 
.000 

66.000 
186.000 
306.000 
432.000 
432.000 
306.000 
186.000 

AX. 
7.080 
7.080 
7.080 
7.080 

66.000 
.000 

RESTRAINTS 
1 1 1 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
1 1 1 
1 1 1 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o IS) 

o o o 
1 1 1 

IZ 
18.300 
18.300 
18.300 
18.300 

\ 

11.800 
20.000 
?.0 . 000 
20.000 

612.000 
1480.000 
1480.000 
1480.000 

E 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 

9.130 
9.130 
9.130 
9.130 

11.800 
20.000 
20.000 
20.000 

9.130 
9.130 
9.130 
9.130 

11.800 
20.000 

110.000 
110.000 
110.000 
110.000 
612.000 

1480.000 
1480.000 
1480.000 

110.000 
110.000 
110.000 
110.000 
612.000 

1480.000 

F- 5' 



23 13 18 
24 12 19 
25 19 20 
26 18 19 
~7 17 18 
.8 16 1 7 

JOINT LOADS 

JOINT 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

2 0.000 
2 0.000 

7.080 
7.0 80 
7.080 
7.080 

wx 
2.000 
4.100 
6.700 
7.000 

.000 

.000 

.000 

. 000 

.000 

.000 

.000 

.000 

. 000 

.000 

.000 

.000 
"' 

1480.000 
1480.000 

18.300 
18.300 
18.300 
18.300 

WY 
-108.900 
-77.800 
-46.300 
-13.500 
-30.500 
-86.050 

-141.150 
-196.250 
-196.250 
-141.150 

-86.050 
-30.500 
-13.500 
-46.300 
-77.800 

-108.900 

29000.0 
29000.0 
29000.0 
29000.0 
29000.0 
29000.0 

MZ 
-155.70 
-155.70 
-155.70 
-76.70 
-60.90 

-123.70 
-123.70 
-123.70 
123.70 
123.70 
123.70 

60.90 
76.90 

155.70 
155.70 
155.70 

OINT DISPLACEMENTS 

JOINT X-DI SP Y-DISP 
1 .000 0 0 .00000 
2 . 082 0 7 -.07715 
3 .493 9 5 -.15499 
4 . 820 0 7 t - -.18864 
5 1 .027 2 7 ¡/'~ -.19653 
6 1 . 02115 -.29815 
7 .81670 -.28356 
8 .491 9 1 -.23053 
9 .08110 -· .11342 

10 . 000 0 0 .00000 
11 ·ººººº .00000 
12 .080 2 9 -.11383 
13 .490 5 2 -.23146 
14 .814 2 3 -.28473 
l? 1 .015 9 3 -.29939 
16 1 .01511 -.20543 
17 .813 9 3 -.19705 
18 .490 3 7 -.16164 
19 .08010 -.08012 
20 .000 0 0 .00000 

'3ER END LOADS 

JOINT 
1 
2 
2 

AXIAL FORCE 
239.992 

-239.992 
133.194 

Z-ROT 
.00000 

-.00035 
-.00047 
-.00056 
-.00064 
-.00060 
-.00066 
-.00086 
-.00071 

.00000 

.00000 
-.00050 
-.00052 
-.00027 
-.00018 

SHEAR FORCE 
1.565 

-1.565 
1.337 

.00063 

.00058 

.00053 

.00038 

.00000 

MOMENT 
54.43 
48.87 
80.78 



F- 7 
2 3 -133.194 -1.337 7 9 .65 
3 3 57.569 .973 58 .78 
3 4 -57.569 -.973 58.00 
4 4 12.867 .419 26.71 
4 5 -12.867 -.419 26 .05 
5 5 6.581 -.632 -102.75 
5 6 -6 .581 .632 -98.36 
6 4 6.145 -1.598 -240.41 
6 7 -6.145 1.598 -267.91 
7 3 3.736 -2.175 -294.13 
7 8 -3.736 2.175 -397.46 
8 2 1.772 -2.102 -285.35 
8 9 -1.772 2.102 -383.11 
9 9 455.020 7.688 219.49 
9 10 -455.020 -7.688 287.92 

10 8 258.379 7.022 417.38 
10 9 -258.379 -7.022 425.25 
11 7 1 17.005 5.176 315.67 
11 8 - 1 17.005 -5.176 305.43 
12 6 30.675 2.389 152.12 
12 7 -30.675 -2.389 148.93 
13 6 4.192 -.457 -114.66 
13 15 -4.192 .457 -80.02 
14 7 3.359 -1.319 -320.39 
14 14 -3.359 1.319 -241.49 
15 8 1.890 -1.951 -449.05 
15 13 -1.890 1.951 -382.00 
16 9 1.106 -1.710 -385.32 
16 12 -1.106 1.710 -343.29 
17 11 456.647 8.496 304.52 
17 12 -456.647 -8.496 256.25 
18 12 259.538 7.729 464.36 
18 13 -259.538 -7.729 463.09 
19 13 117.542 6.115 360.19 
19 14 -117.542 -6.115 373.56 
20 14 30.804 3.310 206.31 
20 15 -30.804 -3.310 210.73 
21 15 .882 -.153 -69.81 
21 16 -.882 .153 21.09 
22 14 .554 -.631 -214.69 
22 17 - .554 .631 13.95 
23 13 ·. 276 -1.105 -317.58 
23 18 -.276 1.105 -33.69 
24 12 .338 -.851 -253.62 
24 19 .., .., o ,., ,... ~ 

-17.05 - •-'-'U • o..., ..L. 

25 19 249.240 2.050 70.68 
25 20 -249.240 -2.050 64.62 
26 18 139.489 1.712 103.40 
26 19 -139.489 -1.712 102.06 
27 17 60.584 1.437 86.40 
27 18 -60.584 -1.437 85.99 
28 16 13.653 .882 55.81 
28 17 -13.653 -.882 55.35 

·I 
-~. ,CTIONS 

J0INT RX RY MZ 
1 -1.565 239.992 · 54.43 

10 -7.688 455.020 287.92 

. 1 



11 
20 

-8 .496 
-2. 0 50 

456.647 
249.240 

304.52 
64.62 

F- 8 



PLANE FRAME ANALYSIS FOR WIND 

NUMBER OF JOINTS = 20 
v· 3ER OF MEMB ERS = 2 8 
l\ .BER OF MATERIALS = 1 
NUMBER OF SUPPORT JO I NTS = 4 
NUMBER OF LOADED J OI NTS = 1 6 

DATA 

STEE L DESIGN (S- W side ) 
* * * Pre limina r y*** 

X y RESTRAINTS 
1 ·ººº .000 1 1 1 
2 . 000 66.000 o o o 
3 . 000 186.0 0 0 o o o 
4 . 000 306.000 o o o 
5 . 000 432.000 o o o 
6 24 6.000 432.000 o o o 
7 2 4 6.0 0 0 306.000 o o o 
8 2 4 6.00 0 186.000 o o o 
9 2 46. 000 66.000 o o o 

10 2 4 6.000 .000 1 1 1 
11 3 1 8.00 0 : ooo 1 1 1 
12 3 1 8.00 0 66.000 o o o 
13 318 . 00 0 186 . 000 o o o 
14 3 1 8.00 0 306,000 o o o 
15 3 1 8 . 00 0 4 3 2, . 000 o o o 
16 56 4.0 00 432.000 o o o 
17 564.000 306.000 o o o 
18 564 . 000 186.000 o o o 
19 564.000 66.000 o o o \101 
20 564 . 000 .000 1 1 1 r: p 

EMBER Jl J2 AX IZ E 
1 1 2 7 . 080 82.800 29000.0 
2 2 3 7.080 82 -. 800 29000 . 0 
3 3 4 7.080 82.800 290 0 0.0 
4 4 5 7.080 82.800 29000.0 
5 5 6 11.800 612.000 29000 . 0 
6 4 7 20.000 1480.000 290 0 0.0 
7 3 8 20 . 0 0 0 1480.000 29000.0 
8 2 9 20.0 0 0 1480.000 29000 . 0 
9 9 10 7.080 18.300 29000 . 0 

10 · 8 9 7.080 18.300 29000.0 
11 7 8 7.080 18.300 29000.0 
12 6 7 7.080 18.300 29000.0 
13 6 1 5 11.800 612.000 29000.0 
14 7 14 20.000 1480.000 29000.0 
15 8 13 20.000 1480.000 290 0 0.0 
16 9 12 20 . 000 1480.000 290 0 0.0 

7 11 12 7 . 080 18.300 290 0 0.0 
12 13 7 . 080 18.300 29000 . 0 
13 14 7 . 080 18.300 29000.0 
14 15 7 . 0 8 0 18.300 29000 . 0 
15 16 11 . 80 0 612 . 000 29000.0 
14 17 20 . 000 1480 . 000 2 9 000.0 
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23 
24 
25 
26 
r7 
a 

13 ·13 
12 19 
19 2 0 
18 19 
17 18 
16 17 

20.000 
20.000 

7.080 
7.080 
7.080 
7.080 

JOINT LOADS 

JOINT wx 
6.900 
8.900 
9.200 
4.700 

2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

.000 

.000 

.000 

.000 

. 000 

.000 

. 000 

.000 

.000 

.000 

.000 

. 000 

·orNT DISPLACEMENTS 

JOINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

X-DISP 
. 00000 
. 15832 
.84806 

1. 2 9208 1-,-I- • 

1. 49155 t>t!' 
1.48891 
1.28969 

.84585 

.15645 

. 00000 

.00000 

.15602 

. 34·532 
1.28912 
1.48828 
1.48665 
1.28759 

.84387 

.15495 

. 00000 

'' ·sER END LOADS 

14 80 . 00 0 
14 8 0.000 

82.800 
82. 8 00 
82.800 
82.800 

WY 
-108.900 
-77.800 
-46.300 
-13.500 
-17.300 
-58.850 

-100.050 
-141.250 
-141.250 
-100.150 
-58.850 
-17.300 
-13.500 
-46.300 
-77.800 

-108.900 

Y-DISP 
.00000 

- . OP:i64 
-.15236 
-.18611 
-.19420 
-.26549 
-.25530 
-.21112 
-.10562 

.00000 

.00000 
-.09801 
-.19766 
-.24191 
-.25277 
-.21372 
-.20505 
-.16831 
-.08332 

.00000. 

290 00.0 
29 000.0 
29 000.0 
29 000.0 
2 9000. O· 
2 9000.0 

Z-ROT 
.00000 

-.00154 
-.00168 
-.00113 
-.00091 

.00015 

.00016 

.00019 

. 00016 

.00000 

.00000 

.00009 

.00019 

.00018 

.00016 
-.00020 
-.00045 
-.00107 
-. 0011 2 

.00000 

MZ 
-93.20 
-93.20 
-93.20 
-45.90 

42 . 00 
85.20 
85.20 
85.20 

-85.20 
-85.20 
-85.20 
-42.00 
45.90 
93.20 
93.20 
93.20 

MEMBER 
1 
1 
2 

JOINT 
1 
2 · 
2 

AX I AL FORCE 
235.318 

-235.318 
131.264 

SHEAR FORCE 
10.773 

-10.773 
8.283 

MOMENT 
411.55 
299.48 
49.9.70 

F - le 
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2 3 - 1 11 . 264 -8 . 283 494 . 23 
3 3 57 .7 3 7 4. 594 264 .74 
3 4 - 57.737 - 4. 59 4 286 .5 6 
4 4 13.1 8 5 1.0 2 4 60 . 2 3 
1 5 - 13.1 8 5 -1.0 2 4 6 8. 8 4 
5 s 3 .67 6 -. 3 15 -1 14 .7 4 
5 6 -3 . 6 76 . 315 3 7.22 
tí 4 5.629 -1. 74 7 -4 39 .9 9 
6 7 -5.6 29 1.74 7 1 0.13 
7 3 5 . 212 -4.273 - 852 .17 
7 8 -5 . 212 4.273 -1 9 9.07 
8 2 4.410 -4.847 -892.37 
8 9 - 4.410 4.8 4 7 -299 . 89 
9 9 328.5 6 4 3.581 119.43 
9 10 -328.564 -3.581 116.90 

10 8 180.525 2.619 157.29 
10 9 -180.525 -2.619 156.96 
11 7 75.590 1.71 4 102.67 
11 8 -75.590 -1.714 102.99 
12 6 16.596 .696 43.77 
12 7 -16.596 -.696 43.87 
13 6 2 . 980 -1.019 -38.99 
13 15 -2.980 1.019 -34.38 
14 7 4 . 617 -1.604 -71.46 
14 14 - 4 . 617 1 . 6 0 4 -44.00 
15 8 4.307 .611 24.00 
15 13 - 4.307 -.611 20.02 
16 9 3.448 1 ·. 943 108.70 
16 12 - 3.448 -1.943 31.18 
17 11 3 04. 9 1 4 3.524 115.54 
17 12 -3 04.914 -3.524 117.03 
18 12 1 7 0.493 2.603 155.75 
18 13 -1 7 0 . 493 -2.603 156.63 
19 13 7 5.712 1.718 103.13 
19 14 - 7 5 . 712 -1 . 718 103.04 
20 14 1 7 . 692 .702 44.32 
20 15 - 1 7 . 692 -.702 44.11 
21 15 2.278 -.627 -51.74 
21 16 - 2.278 .627 -102.54 
22 14 3.595 -2.434 -188.56 
22 17 - 3.595 2.434 -410.17 
23 13 3.421 -4.758 -364.97 
23 18 - 3.421 4.758 -805.53 
24 12 2.527 -4.886 -389.16 
24 19 -2.527 4.886 -812.75 
25 1 9 2 5 9.205 11.821 349.30 
25 20 -259 . 205 -11.821 430.89 
26 18 145.419 9.294 558.66 
26 19 -145.419 -9.294 556 . 65 
27 17 62.861 5.874 364.77 
27 18 -62.861 -5.874 340.06 
28 16 14.127 2.278 148.44 
28 17 -14 . 127 -2.278 138 . 60 

.,CTIONS 

J0INT RX RY MZ 
1 -10.773 235.318 411.55 

10 -3.581 328.564 116.90 

- -- _- - . - -- - --~ i!·" 

!"11. 



11 
20 

-3. 5 24 
-11 . 8 21 

304.911 
259.20 S 

_, ----·, - -

B 

115. 54 
430.89 
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PLANE FRAME ANALYSIS FOR El\RTHQUAKE 

"WMBER OF JOI NTS = 20 
_,rr·- "3ER OF MEMBERS = 2 8 
1 BER OF MATERIALS = 1 
NUMBER OF SUPPORT JOINTS = 4 
NUMBER OF LOAD ED JOINTS = 16 

DATA 

STEEL DESIGN (E-W side ) 
***Preliminary*** 

JOINT X y RESTRAINTS 
1 .000 .000 1 1 1 
2 .000 66.000 o o o 
3 ·ººº 186.000 o o o 
4 .000 306.000 o o o 
5 .000 432.000 o o G 
6 246.000 432.000 o o o 
7 246 . 000 306.000 o o o 
8 246.000 186 . 000 o o o 
9 246.000 66.000 o o o 

10 246.000 .000 1 1 1 
11 318.000 .000 1 1 J. 
12 318.000 66.000 o o o 
13 318.000 186.000 o o o 
14 318.000 306.000 o o o 
15 318.000 432.000 o o o 
16 564.000 432.000 o o o 
17 564.000 306.000 o o o 
18 564.000 186.000 o o o 
19 564.000 66.000 o o o 
20 564.000 .000 1 1 1 

DATA 

MEMBER Jl J2 AX IZ E 
1 1 2 7.080 82.800 29000.0 
2 2 3 7.080 82.800 29000.0 
3 3 4 7 . 080 82 . 800 29000.0 
4 4 5 7.080 82.800 29000 . 0 
5 5 6 11.800 612.000 29000.0 
6 4 7 20.000 1480.000 29000.0 
7 3 8 20.000 1480 . 000 29000.0 
8 2 9 20.000 1480.000 29000.0 
9 9 10 7.080 18.300 29000.0 

10 8 9 7.080 18.300 29 0 00.0 
11 7 8 7.080 18.300 29000.0 
12 6 7 7.080 18.300 29000.0 
13 6 15 11.800 612.000 29000.0 
14 7 14 20.000 1480.000 29000.0 
15 8 13 20.000 1480.00 0 29000.0 
16 9 12 20.000 1480.000 29000.0 

7 11 12 7.080 18.300 29000.0 
... 8 12 13 7.080 18.300 29000.0 
19 13 14 7.080 18.300 29000.0 
20 14 15 7.080 18.300 29000.0 
21 15 16 11.800 612.000 29000.0 
22 14 17 20.000 1480 . 000 29000.0 
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F- /4 

23 13 1 8 20.00 0 148 0. 000 2 9 000 . 0 
24 12 1 9 20 . 0 00 1 48 0 .000 2 9 000 . 0 
25 1 9 20 7.0 8 0 8 2. 80 0 2 9 000 .0 
26 18 19 7.0 8 0 82. 80 0 2 9 000 .0 

~ 7 17 1 8 7.080 82. 8 00 2 9 00 0 .0 
a 16 1 7 7 . 080 82.800 2 9 000 . 0 

JOINT LOADS 

JOINT wx WY MZ 
2 2.400 -108.900 -93.20 
3 5.000 -77.800 -93.20 
4 8.200 -46.300 -93.20 
5 8.600 -13.500 -45. 9 0 
6 .000 -17.300 42.00 
7 .000 -58.850 85.20 
8 .000 -100.050 85.20 
9 .000 -141.250 85.20 

12 .000 -141.250 -85.20 
13 .000 - 100.150 -85.20 
14 . 000 -58.850 -85.20 
15 .000 -17.3 0 0 -42.00 
16 . 000 -13.500 45.90 
17 . 000 - 46.300 93.20 
18 . 000 -77.800 93.20 
19 .000 -108.900 93.20 

'')INT DIS PLACEMENTS 

JOINT X-DI S P Y-DISP Z-ROT 
1 . 000 0 0 .00000 .00000 
2 . 131 42 -.07532 -.00141 
3 . 79 44 7 -.15113 - . 00176 
4 1. 327 0 6 '(\;,.,--1- · -.18409 - .00 1 40 
5 1 .671 1 3 P - . 19187 -.00 1 28 
6 1 .6 6 6 7 6 - . 26741 .00020 
7 1. 324 94 -.25691 . 00020 
8 .793 2 6 -.21195 . 00022 
9 . 1 3 0 66 -.10569 . 00015 

10 . 00000 . 00000 . 00000 
11 . 00000 . 00000 .00000 
12 .13050 - . 09794 .00009 
13 .792 9 7 -.19 68 6 .00021 
14 1.3 2 4 4 3 -.24035 .00022 
15 1 .6 6 573 -.25090 .00021 
16 1.66304 -.21599 - .00056 
17 1.3 23 05 - . 20702 -.00072 
18 . 792 1 6 -.16951 -.00115 
19 . 13014 -.08364 -.00100 
20 . 00000 .00000 .00000 

END LOADS 

JO INT AX IAL FORCE SHEAR FORCE MOMENT 
1 2 3 4.313 8.502 331.92 
2 -234 . 313 -8.502 229.20 
2 129 . 715 7.882 479.92 
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2 3 -129.715 -7.8 82 465. 95 
3 3 56.388 5.714 335.73 
3 4 -56.388 -5.714 349.9 9 
4 4 12.684 2.521 156.44 

. -4 5 -12.684 -2.521 1 6 1.23 
.5 5 6.079 -.816 -207.13 
5 6 -6.079 .816 6.39 
6 4 5.005 -2.596 - 59 9.63 
6 7 -5.005 2.596 -39.01 
7 3 2.833 -4.472 -894.88 
7 8 -2.833 4.472 -205.35 
8 2 1.780 -4.302 -802.31 
8 9 -1.780 4.302 -255.97 
9 9 328 .799 3.007 100.46 
9 10 -328.799 -3.007 97.99 

10 8 181.813 2.524 151.69 
10 9 -181.813 -2.524 151.15 
11 7 '16.915 2.052 123.05 
11 8 -76.915 -2.052 123.16 
12 6 17.114 1.169 73.65 
12 7 -17.114 -1.169 73.66 
13 6 4.909 -1.002 -38.04 
13 15 -4.909 1.002 -34.10 
14 7 4.129 -J..645 -72.50 
14 14 -4 . 129 1.645 -45.96 
15 8 2.361 .376 15.70 
15 13 -2.361 - .·376 11.37 
16 9 1.297 l. 433 89.57 
16 12 -1.297 R -J..433 13.63 
17 11 304 . 689 2.957 96.84 
17 12 -304.689 -2. 9-57 98.30 
18 12 169.242 2.508 149.96 
18 13 -169.242 -2.508 151.03 
19 13 74.418 2.055 123.25 
19 14 -74.418 -2.055 123.36 
20 14 17.187 1.173 74.00 
20 15 -17.187 -1. 1 73 73.86 
21 15 3.736 -1.115 -81.76 
21 16 -3.736 1.115 -192.56 
22 14 3.241 -3.264 -236.60 
22 17 -3.241 3.264 -566.44 
23 13 1.906, -4.950 -370.85 
23 18 -1.906 4.950 -846.91 
24 12 .849 -4.369 -347.08 
24 19 -.849 4.369 -727.73 
25 19 260.199 9.734 284.80 
25 20 -260.199 -9.734 357.61 
26 18 146.930 8.885 530.05 
26 19 -146.930 -8.885 536.13 
27 17 64 .180 6.978 427.34 
27 18 - 64 .180 -6.978 410.06 
28 16 14.615 3.736 238.46 
28 17 -14.615 -3.736 232.29 

.. .-.CTIONS 

RX RY MZ 
-8.502 234.313 331.92 
-3.007 328.799 97 . 99 

l!l'""j 



-2.957 
-9.734 

... 
r. 

304.689 
260.199 

96.84 
35 7.61 

F - /E> 
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PLANE FRAME l\NALYS I S FOR EARTHQU/\KE STEEL DES IGN (N -S sid e 

***Fina l Design*** 

tfüMBER OF JOINTS = 20 
[TR1BER OF MEMBERS = 28 

1, 3ER OF MATERIALS = 1 
NUMBER OF SUPPORT J OINTS = 4 
NBMBER OF LOADED JOINTS = 16 

JOINT DATA 

JOINT X y RESTRAINTS 
1 .000 .000 1 1 1 
2 .000 66.000 o o o 
3 .000 186.000 o o o 
4 .000 306.000 o o o 
5 .000 432.000 o o o 
6 318.000 432.000 o o o 
7 318.000 306.000 o o o 
8 318.000 186.000 o o o 
9 318.000 66.000 o o o 

10 318.000 .000 1 1 1 
11 744 . 000 .000 1 1 1 
12 744.000 66.000 o o o 
13 744.000 186.000 o o o 
14 744.000 306.000 o o o 
15 744.000 432.000 o o o 
16 1062.000 432.000 o o o 
17 1062.000 306.000 o o o 
18 1062 . 000 186.000 o o o 
19 1062.000 66.000 o o o 
20 1062 . 000 .000 1 1 1 

DATA 

MEMBER J l J2 AX IZ E 
1 1 2 1 3.300 53.400 29000.0 
2 2 3 1 3.300 53.400 29000.0 
3 3 4 1 3.300 53.400 29000.0 
4 4 5 1 3.300 53.400 29000.0 
5 5 6 1 1.800 612.000 29000.0 
6 4 7 2 0.000 1480.000 29000.0 
7 3 8 20 . nno 1480.000 29000.0 
8 2 9 2 0.000 1480.000 29000.0 
9 9 10 1 3.300 248.000 29000.0 

10 8 9 1 3.300 248.000 29000.0 
11 7 8 1 3.300 248.000 29000.0 
12 6 7 1 3.300 248.000 29000.0 
13 6 15 1 1.800 612.000 29000.0 
14 7 14 2 0.000 1480.000 29000.0 
15 8 13 2 0.000 1480.000 29000.0 
16 9 12 2 0.000 1480.000 29000.0 

7 11 12 1 3.300 248.000 29000.0 
_3 12 13 1 3.300 248.000 29000.0 
19 13 14 1 3.300 248.000 29000.0 
20 14 15 1 3.300 248.000 29000.0 
21 1 5 16 1 1.800 612.000 29000.0 
22 14 17 20.000 1480.000 29000.0 



23 13 18 20.000 
24 12 19 20.000 
25 19 20 13.300 
26 18 19 13.300 
-:7 17 18 13.300 

3 16 17 13.300 

JOINT LóADS 

JOINT wx 
2 2.000 
3 4. 1 00 
4 6.700 
5 7.000 
G .000 
7 .000 
8 .000 
9 .000 

12 .000 
13 .000 
14 .000 
15 .000 
16 ·ººº 17 .000 
18 .000 
19 .000 

)INT DISPLACEMENTS 

JOINT X-DISP 
1 .00000 
2 .04287 
3 .24747 
4 .41386 ~ -

• 5 . 52590 ti ~ 
6 .51969 
7 .41058 
8 .24550 
9 .04193 

10 .00000 
11 .00000 
12 .04106 
13 . 24423 
14 .40808 

• 15 .51360 
16 .51223 
17 . 40767 

• 18 .24407 
19 .04078 
20 .0000 0 

14 8 0.000 
1480.000 

53.400 
53.400 
53.400 
53.400 

WY 
-108.900 

-77.800 
-46.300 
-13.500 
-30.500 
-86.050 

-141.150 
-196.250 
-196.250 
-141.150 

-86.050 
-30.500 
-13.500 
-46.300 
-77.800 

-108.900 

Y-DISP 
.00000 

-.04113 
-.08267 
-.10065 
-.10488 
-.20479 
-.19477 
-.15837 
-.07793 

.00000 

.00000 
-.07780 
-.15811 
-.19444 
-.20442 
- . 11009 
-.10557 
-.08655 
-.04286 

.00000 

29 000.0 
29000.0 
29000.0 
29000.0 
29000.0 · 
29000.0 

MZ 
-155.70 
-155.70 
-155.70 

-76.70 
-60.90 

-123.70 
-123.70 
-123.70 

Z-ROT 
.00000 

-.00044 
-.00057 
-.00060 
-.00065 
-.00050 
-.00056 
-.00073 
-.00059 

.00000 

. 00000 
-.00042 
-.00046 
-.00025 
-.00017 

.00046 

.00041 

.00033 

.00019 

.00000 

123.70 
123.70 
123.70 

60.90 
76.90 

155.70 
155.70 
155.70 

., lER END LOADS 

JOINT 
1 
2 
2 

AXIAL FORCE 
240.378 

-240.378 
133.500 

SHEAR FORCE 
1.839 

-1.839 
1.553 

MOMENT 
70.94 
50.44 
94..85 
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F- /. 
2 3 -133.500 -1.553 91.50 
3 3 57.787 1.036 62.60 
3 4 -57.787 -1.036 61.70 
4 4 12 .949 .310 20.08 
4 5 - 12.949 -.310 18.94 
5 5 6.691 -.551 -95.64 
5 6 -6.691 .551 -79.49 
6 4 5. 97--l -1.463 -237.48 

·6 7 -5.974 1.463 -227.64 
7 3 3.583 -2.087 -309.81 
7 8 -3.583 2.087 -353.71 
8 2 1.714 -2.022 -300.99 
8 9 -1.714 2 . 022 -341.95 
9 9 455.397 6 . 756 158.82 
9 10 -455.397 -6 . 756 287.08 

10 8 258.557 6 . 219 364.72 
10 9 -258.557 -6.219 381.56 
11 7 117.010 4 . 367 271.87 
11 8 -117.010 -4 . 367 252.20 
12 6 30.653 1 . 803 117.12 
12 7 -30.653 -1 . 803 110.09 
13 6 4.887 - . 398 -98.53 
13 15 -4.887 . 398 -71.03 
14 7 3.410 -1 . 155 -278.02 
14 14 -3.410 1 . 155 -214.04 
15 8 1.731 -1 . 689 -386.92 
15 13 -1.731 1 . 689 -332.76 
16 9 1.177 -1 . 433 -322.13 
16 12 -1. 1 77 l. 433 -288.30 
17 11 454.660 8 . 160 t< 315.10 ~t,.L _,.,.~e, 
17 12 - 454.660 -8 . 160 223. 43 / io"'~' .J' lºv,..-> 
18 12 258.118 7 . 507 452. 81 0~-1- Q_;,Q\',t"''"' ~,.t,' 
18 13 - 258.118 -7 . 507 448. 06 o> "1,.,'\ ,.<"""' 

L ,.-,. 19 13 116.766 6 . 063 351. 01 P C::;\).j 

19 14 - 116.766 -6.063 376.52 
20 14 30.571 3 . 409 210.54 
20 15 -30.571 -3.409 219.01 
21 15 1.478 -.327 -87.08 
21 16 -1.478 .327 -16.80 
22 14 .756 -1.010 -249.32 
22 17 -.756 1.010 -71.97 
23 13 .287 -1.487 -.342. 61 
23 18 - .·287 1.487 -130.26 
24 12 .525 -1.142 -264.23 
24 19 -.525 1.142 -98.82 
25 19 '?C::n ,1 e e -, I"'\ "' r 105.01 L,...JV • ""%VU J •U"±::> 

25 20 - 250.466 -3.045 95.99 
26 18 140.424 2.521 152.98 
26 19 - 140.424 -2.521 149.52 
27 17 61.137 2.234 135.12 
27 18 -61.137 -2.234 132.98 
28 16 13.827 1.478 93.70 
28 17 -13.827 -1.478 92.55 

,2TIONS 

. TOI~T RX RY MZ 
-1. 8 39 240.378 70.94 

10 -6. 7 56 455.397 287.08 

- - --~ --- -~- . ----- -- - ~ 

···'~--ll'· . 
.-,t; .J 
'. ,1 



11 
20 

-8.160 
-3. 0 45 

454.660 
250.466 

315.10 
95.99 

F- - 2C 



PLANE FRAME ANJ\LYS I S FOR EJ\RTHQUAKE STEEL DESIGN (E- W side) 
*** Fi na l Design*** 

NUMBER OF JO I NTS = 2 O 
_PWBER OF MEMBERS = 28 
~ 3ER OF MATERIALS = 1 
NUMBER OF SUPPORT JO I NTS = 4 
NUMBER OF LOADED JO I NTS = 16 

JOINT DATA 

JOINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

7 
~B 
19 
20 
21 
22 

DATA 

J l 
1 
2 
3 
4 
5 
4 
3 
2 
9 
8 
7 
6 
6 
7 
8 
9 

11 
12 
13 
14 
15 
14 

X 
. 000 

·ººº . 000 
. 000 
.000 

246 . 000 
246 . 000 
2 4 6 . 000 
246.000 
246 . 000 
318 . 000 
318.000 
318.0 0 0 
318.000 
318 . 000 
564.000 
564 . 000 
564 . 000 
564 . 000 
564 . 000 

J2 
2 
3 
4 
5 
6 
7 
8 
9 

10 
9 
8 
7 

15 
14 
13 
12 
12 
13 
14 
15 
16 
17 

y 
.000 

66.000 
186.0 0 0 
306.000 
432.000 
432.000 
306 . 000 
186 . 000 

66.000 
.000 

·. 000 
66.000 

186.000 
306.000 
4J2' . 000 
432.000 
306.000 
186 . 000 

AX 
13.300 
13 . 300 
13.300 
13.300 
11 . 800 
20.000 
20 . 000 
20.000 
13.300 
13.300 
13.300 
13 . 300 
11 . 800 
20 . 000 
20.000 
20 . 000 
13.300 
13 . 300 
13 . 300 
13.300 
11 . 800 
20 .0 00 

66.000 
.000 

RESTRAI NTS 
1 1 1 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
1 1 1 
1 1 1 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
1 1 1 

IZ 
248.000 
24$.000 
248.000 
248.000 
612.000 

1480.000 
1480.000 
1480.0 0 0 

53.400 
53.400 
53.400 
53.400 

612.000 
1480.000 
1480.000 
1480.000 

53 . 400 
53 . 400 
53.400 
53.400 

612.000 
1480.000 

E 
29000.0 
29000.0 
29000.0 
29000 . 0 
2 9 000.0 
29000.0 
2 9 000.0 
29000.0 
29000.0 
29000.0 
29000.0 
2 9 000.0 
29000.0 
29000 . 0 
29000.0 
29000.0 
29000.0 
29000.0 
2 9 000.0 
2 9 000.0 
2 9 000.0 
2 9 000 . 0 

F- 21 



23 13 18 20.000 1480.000 29000.0 
24 12 19 20.000 1480.000 29000.0 
25 19 20 13.300 248.000 29000.0 
26 18 19 13.300 248.000 29000.0 
-:7 17 18 13.300 248.000 29000.0 

3 16 17 13.300 248.000 29000.0 

LOADS 

J0INT wx WY MZ 
2 2.400 -108.900 -93.20 
3 5.000 -7 7 .800 -93.20 
4 8.200 -46.300 -93.20 
5 8.600 -13.500 -45.90 
6 .0 00 -17.300 42.00 
7 .0 00 -58.850 85 . 20 
8 .000 -100.050 85.20 
9 .0 00 -141.250 85.20 

12 .000 -141.250 -85.20 
13 .0 00 -100.150 - 85.20 
14 ·º ºº -58.850 -85 . 20 
15 .0 00 -17.300 -42.00 
16 .000 -13.500 45.90 
17 .000 -46 . 300 93 . 20 
18 .0 00 -77.800 93.20 
19 .0 00 -108.900 93 . 20 

º1 INT DISPLACEMENTS 

X-DISP Y-DISP Z-ROT 
.00000 . 00000 .00000 
.05985 -.04023 -.00107 
.34545 -.08064 - . 00134 

4 .58440 
p<!-P • 

-.09817 -.00102 
5 .74840 -.10231 -.00089 
6 .74359 -.14144 .00009 
7 .58218 - . 13584 .00009 
8 .34424 -.11187 .00010 
9 .05897 -.05564 .00007 

10 .00000 .00000 .00000 
11 .00000 .00000 .00000 
12 .05881 -.05273 .00000 
13 .34395 -.10570 .00006 
14 .58166 - . 12882 .00007 
15 .74252 -.13441 .00006 
16 .73999 -.11487 - . 0 0 055 
17 .58035 -.11008 - . 00069 
18 .34316 -.09010 -.00105 
19 .05856 -.04443 -.00086 
20 .00000 .b0000 .00000 

fl 1ER END LOADS 

1t:MBER 
1 
1 
2 

JOINT 
1 
2 
2 

AXIAL FORCE 
235.082 

-235.082 
129.908 

SHEAR FORCE 
7,357 

-7.357 
7.029 

MOMENT 
359.4 7 
126 .. 08 ------
438.06 



F- 2 · 

2 3 -129.908 -7.029 405.37 
3 3 56 .329 4.862 272.12 
3 4 -56.329 -4.862 311.34 
4 4 12.662 1.906 112.62 
4 5 -12.662 -1.906 127.59 
.3 5 6.693 - . . 838 -173.49 
5 6 -6.693 .838 -32.58 
6 4 5.244 -2.633 -517.16 
6 7 -5.244 2.633 -130.58 
7 3 2.833 -4 .22 1 -770.69 
7 8 -2.833 4.221 -267.72 
8 2 2.072 -3.726 -657.35 
8 9 -2.072 3.726 -259.26 
9 9 325.165 3.961 132.35 
9 10 -325 .165 -3.961 129.06 

10 8 180.740 3.176 190.93 
10 9 -180 .740 -3.176 190.21 
11 7 77.020 2.681 160.77 
11 8 -77.020 -2.681 160.93 
12 6 17.162 1.606 101.20 
12 7 -17.162 -1.606 101.21 
13 6 5.087 -.976 -26.62 
13 15 -5.087 .976 -43.67 
14 7 4.169 -1.625 -46.20 
14 14 -4.169 1.625 -70.80 
15 8 2.339 -.551 1.06 
15 13 -2.339 .~ .551 -40.73 
16 9 1.287 -.551 21.90 
16 12 -1.287 1 • 551 -61.58 
17 11 308.123 3.801 125.44 
17 12 -308.123 -3.801 125.43 
18 12 170.260 3.107 185.61 
18 13 -170.260 -3.107 187.23 
19 13 74.314 2.642 158.44 
19 14 -74.314 -2.642 158.65 
20 14 17.134 1 . 569 99.02 
20 15 -17.134 -1.569 98.67 
21 15 3.518 -1.143 -96.99 
21 16 -3.518 1.143 -184.07 
22 14 3.095 -3.295 -272.07 
22 17 -3.095 3.295 -538.53 
23 13 1.874 -4.755 -390.14 
23 18 -1.874 4.755 -779.56 
24 12 .593 -3.938 -334.66 ~ú 
24 19 -.593 3.938 -633.96 t'\~)( j"l)r'\¡,,f ~ ,..tJ 

~~r-11 UL>' 
25 19 259.630 9.081 ~206.19 ~ & Pt 

µ/'tl_,.,,,-, 
25 20 -259.630 -9.081 )1/. 393.13 to <--"l,.,.,. 10..J 

26 18 146.793 8.488 497.54 f <2"".,. 

26 19 -146.793 -8.488 520.97 
27 17 64.238 6.614 418.43 
27 18 -64 . 238 -6.614 375.22 
28 16 14.643 3.518 229.97 
28 17 -14.643 -3.518 213 . 31 

.-,.CTIONS 

RX RY MZ 
-7.357 235.082 359.47 
-3.961 325.165 129.06 



11 
20 

-3. 8 01 
-9. 0 81 

308.1 2 3 
259.630 

125 . 44 
393 . 13 

l 
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PLANE FRAME ANALYSIS t o obtai n Mn( t ) fo r Interac tio n Equa tio n 

NP"~BER OF J OINTS = 2 O 
.' 3ER OF MEMBERS = 2 8 
NlJMBER OF MATERIALS = 1 
NUMBER OF SUPPORT J OINTS = 4 
NUMBER OF LOADED JO I NTS = 16 

JOINT DATA 

JOINT X y RESTRAINTS 
1 .000 .000 1 1 1 
2 ·ººº 66.000 o o o 
3 ·ººº 186.000 o o o 
4 .000 306.000 o o o 
5 .000 432.000 o o o 
6 246.000 432 . 000 o o o 
7 246. 0 00 306 . 000 o o o 
8 246.000 186.000 o o o 
9 246 . 000 66 . 000 o o o 

10 246.000 .000 1 1 1 
11 318 . 000 .000 1 1 1 
12 318 . 000 66.000 ", 

_Q o o 
13 318 .0 00 186.000 / o o o 
14 318 . 000 306 . 000 o 'º o 
15 318.000 432.000 o o o 
16 564.000 432.000 o o o 
17 564.000 306.000 Bb •º o o 
18 564 . 000 186.000 E o o o 
19 564 . 000 66.000 o ó o 
20 564 . 000 .000 1 1 1 

MEMBER DATA 

MEMBER Jl J2 AX IZ E 
1 1 2 13 . 300 248.000 29000.0 
2 2 3 13 . 300 248.000 29000.0 
3 3 4 13.300 248.000 29000.0 
4 4 5 13 . 300 248.000 29000.0 
5 5 6 11 . 800 612.000 29000.0 
6 4 7 20.000 1480.000 29000.0 
7 3 8 20.000 1480.000 29000.0 
8 2 9 20.000 1480.000 29000 . 0 
9 9 · 10 13.300 53.400 29000.0 

10 8 9 13.300 53 . 400 29000.0 
11 7 8 13.300 53.400 29000.0 
12 6 7 13 . 300 53.400 29000.0 
13 6 15 11 . 800 612.000 29000.0 
14 7 14 20.000 1480.000 29000.0 
15 8 13 20 . 000 1480.000 29000.0 
16 9 12 20.000 1480.000 29000.0 
17 11 12 13.300 53.400 29000.0 

8 . 12 13 13.300 53.400 29000 . 0 
_9 13 1 4 13.300 53.400 29000 . 0 
20 14 1 5 13.300 53.400 29000.0 
21 15 16 11.800 612.000 2 9 000.0 
22 14 1 7 20 . 000 1480.000 2 9000.0 

~ 

F-z~ 



F -Zb 
23 13 18 2 0 . 000 1 48 0 . 00 0 29 0 0 0 . 0 
24 12 1 9 2 0 .000 1 480.000 2 9 000 .0 
25 19 20 1 3. 3 00 248 . 000 2 9 00 0 . 0 
")6 18 19 1 3 .30 0 24 8.0 00 2 9 000 .0 

7 17 18 1 3 . 300 248 . 0 0 0 29 0 0 0.0 
' 28 16 1 7 1 3 . 300 248.0 00 29 000.0 

JOINT LOADS 

JOINT wx WY MZ 
2 . 000 -108.900 -93.20 
3 . 000 -77.800 -93.20 
4 . 000 -46 . 300 -93.20 
5 . 000 -13.500 - 45.90 
6 . 000 -17.300 42.0 0 
7 . 000 -58.850 85.20 
8 . 000 -100.050 85.20 
9 . 000 -141.250 85.20 

12 . 000 -141.250 -85.20 
13 . 000 -100.150 -85.20 
14 . 000 -58.850 -85.20 
15 . 000 -17.300 -42.00 
16 . 000 -13.500 45.90 
17 .000 -46.300 93.20 
18 .000 -77.800 93.20 
19 .000 

·-. -108 . 900 93.20 

')INT DI SPLACEMENTS 

JOINT X- DI SP Y-DISP Z-ROT 
1 .000 0 0 . 00000 .00000 
2 .00011 -.04234 -.00010 
3 -.0 00 0 8 -.08539 -.00014 
4 . 000 0 1 -.10415 -.00016 
5 . 000 6 7 -.10862 -.00016 
6 .0 0 0 0 7 -.13789 .00002 
7 - .000 0 1 -.13229 .00001 
8 -. 0 0 0 0 2 -.10875 .00002 
9 . 0 0 0 0 1 -.05417 .00 0 03 

10 . 0 0 0 0 0 . 00000 .00000 
11 . 0 0 0 0 0 .00000 .00000 
12 -. 000 0 1 -.05418 -.00003 
13 . 000 0 0 -.10878 -.00002 
14 -. 000 0 2 -.13231 -.00001 
15 -. 0 0 0 1 1 - . 13791 -.00002 
16 - .00071 -.10862 .00016 
17 - .000 0 4 -.10416 .00016 
18 . 000 0 7 -.08539 . 00014 
19 -. 0 0 0 1 1 -.04234 .00010 
20 . 0 0 0 0 0 .00000 .00000 

' '"8MBER END LOADS 

(¡.,_ ,BER JO INT AXIAL FORCE SHEAR FORCE MOMENT 
1 1 247 .4 08 -.969 -20.97 
1 2 -247. 4 08 .969 -43.01 
2 2 138.38 4 -.738 -41.85 

-- . - - --- -- -- - -



F-?. · 
2 3 - 13 8.384 .7 38 -'16.76 3 3 60 . 309 -.891 -52.57 3 4 -60.309 .891 -54.33 4 4 13. 662 -.837 -52.47 1 5 -13.662 .837 -53.04 5 5 .837 .1 62 7.14 5 6 -.837 -.162 32.80 6 4 .053 .346 13.60 . 6 7 -.053 -.34 6 71.60 7 3 -.152 .275 6.13 7 8 .152 -.275 61.59 8 2 . 231 .124 -8.33 8 9 -.231 -.124 38.87 9 9 316.561 .074 3.23 9 10 -316.561 -.074 1 . 63 10 8 175.432 .033 1.73 10 9 -175.432 -.033 2.18 11 7 75.650 .017 .93 11 8 -75.650 -.017 1.12 12 6 17.140 .016 1.07 12 7 -17.140 -.016 .90 13 6 . 822 .002 8.13 13 15 -.822 -.002 -7.95 14 7 .052 .006 11.77 14 14 - . 052 -.006 -11.32 15 8 -.168 .008 20.76 15 13 .168 -.008 -20.20 16 9 .190 .003 40.92 16 12 -.190 -.003 -40.71 17 11 316.617 -.074 -1.64 17 12 -316.617 ,074 -3.25 18 12 175.495 -.033 -2.21 18 13 -175.495 .033 -1.78 19 13 75.630 -.018 -1.17 19 14 -75.630 . 018 -.98 20 14 17.135 -.016 -.95 20 15 -17.135 .016 -1.11 21 15 .838 -.163 -32.94 21 16 -.838 .163 -7.18 22 14 .054 -.348 -71.95 22 17 - .054 .348 -13.70 23 13 - .153 -.278 ·-62.04 23 18 . ·153 .278 -6.24 24 12 .231 -.125 - 39.03 24 19 - .231 .125 8.28 ~,, t Q 19 24 7 .414 .970 43.04 r~x . ;_rr t-'1 

~, J c,.A .,, 25 20 -24 7 .414 -.970 20.97 't,11'> .,.,t-1 _, 
~ ( º"J ?o;:!, 26 18 13 8 .389 .739 46.81 • ..J 26 19 -138.389 -.739 41.88 .e; v"- ' • ,-..) 27 17 60 . 311 .892 54.38 

fQ...,f\' .... . 

27 18 -60.311 -.892 52.63 28 16 13.663 .838 53.08 28 17 -13.663 -.838 52.52 

CTIONS 

RX RY MZ .969 247.408 -20.97 - . 074 316.561 1.63 



11 
20 

.071 
...: . 970 

316.617 
247.414 

-1.61 
20.97 

F-l 



PLANE FRAME ANALYSIS FOR EARTHQUJ\KE STEEL DESIGN (E-W side) 
***ACCEPTABLE DESIGN AFTER INTERACTION EQUATI ON*** 

NTThlB ER OF JOINTS = 2 O 
3ER OF MEMB ERS = 28 

OF MATERIALS = 1 
OF SUPPORT JOINTS = 4 
OF LOADED JOINTS = 16 

DATA 

JOINT X y RESTRAINTS 
1 . 000 ·ººº 1 1 1 
2 .000 66.000 o o o 
3 .000 186.000 o o o 
4 .000 306.000 o o o 
5 .000 432.000 o o o 
6 246.000 432.000 o o o 
7 246.000 306.000 o o o 
8 246.000 186.000 · O o o 
9 246.000 66 . 000 o o o 

10 246.000 .000 1 1 1 
11 318.000 .000 1 1 1 
12 318.000 66 : ooo o o o 
13 318.000 186.000 o o o 
14 318.000 306.000 o o o 
15 318.000 432.000 o o o 
16 564.000 43 2·. 000 o o o 
17 564.000 306.000 o o o 
18 564.000 186.000 o o o 
19 564.000 66 . 000 o o o 
20 564.000 . 000 1 1 1 

MEMBER Jl J2 AX IZ E 1 1 2 20.000 394.000 29000.0 
2 2 3 20.000 394.000 29000.0 
3 3 4 20.000 394-. ººº 29000.0 4 4 5 20.000 394.000 29000.0 5 5 6 11.800 612.000 29000.0 6 4 7 20.000 1480.000 29000.0 7 3 8 20.000 1480.000 29000.0 
8 2 9 20 . 000 1480.000 29000.0 9 9 10 20 . 000 134.000 29000.0 10 8 9 20 . 000 134.000 29000.0 11· 7 8 20 . 000 134.000 29000.0 12 6 7 20 . 000 134.000 29000.0 

13 6 15 11 . 800 612.000 29000.0 14 7 14 20 . 000 1480.000 29000.0 15 8 13 20 . 000 1480.000 29000.0 16 9 12 20 . 000 1480.000 29000.0 17 11 12 20.000 134.000 29000.0 ·a 12 13 20.000 134.000 29000 . 0 
9 13 14 20.000 134.000 29000 . 0 20 14 15 20.000 134.000 29000 . 0 21 15 16 11.800 612.000 29000 . 0 22 14 17 20.000 1480.000 29000.0 

F -Z-9 



23 13 
24 12 
25 19 
~6 18 

7 17 
.rn 16 

JOINT LOADS 

JOINT 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

18 
19 
20 
19 
18 
17 

20.000 
20.000 
20.000 
20.000 
20 . 000 
20.000 

wx-
2. 400 
5. 0 00 
8.200 
8.600 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

. 0 0 0 

.0 0 0 

. 0 0 0 

.0 0 0 

.0 0 0 

1480.000 
14 80 .000 

394.000 
394.000 
394.000 
394.000 

WY 
-108.900 
-77.800 
-46.300 
-13.500 
-17.300 
-58.850 

-100.050 
-141.250 
-141.250 
-100.150 

-58.850 
-17.300 
-13.500 
-46.300 
-77.800 

-108.900 

29 000.0 
29000.0 
2 9000.0 
29000.0 
29000.0 
29000.0 

MZ 
-93.20 
-93.20 
-93.20 
-45.90 
42.00 
85.20 
85.20 
85.20 

-85.20 
-85.20 
-85.20 
-42.00 
45.90 
93.20 
93.20 
93.20 

'')INT DISPLACEMENTS BIK,mr 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

.BER 
1 
1 
2 

X-DISP Y-DISP 
.00000 .00000 
.03714 -.02691 
. 21178 -.05395 
.35952 \ -.06565 
. 46208 t:,tJ..A"(:- _v'I..- - • 06840 
. 45687 0.<o" - . 09076 
.35706 -.08714 
.21046 -.07169 
.03615 -.03568 
.00000 .00000 
.00000 .00000 
.03600 -.03641 
.21017 -.07308 
.3S6~4 -.08897 
.45582 -.09281 
.45369 -.07589 
.35544 -.07273 
.209 48 -.05951 
.03588 -.02935 
.00000 .00000 

END LOADS 

E Z-ROT 
.00000 

-.00076 
-.00096 
-.00071 
-.00060 
-.00004 
-.00004 
-.00004 
-.00002 

.00000 

.00000 
-.00009 
-.00009 
-.00008 
-.00009 
-.00038 
-.00050 
-.00077 
-.00061 ' 

.00000 

JOINT AXIAL FORCE SHEAR FORCE 
1 236.51 6 5.682 
2 -2 3 6.516 -5.682 
2 1 3 0.671 5:621 

MOMENT 
319.84 

55.14 
356 , 51 

F-3C 



F---s l 
2 3 -130.G71 - 5. 6 24 318.33 
3 3 56.537 3.749 200.65 
3 . 4 -56.537 -3.749 249.25 
4 4 12.689 1.353 75.75 
f 5 -12.689 -1.353 94.78 
5 5 7.247 -.811 - 140.68 
5 6 -7.247 .811 -58.89 
6 4 5.804 -2.451 -418.21 
6 7 -5.804 2.451 -184.86 
7 3 3.126 -3.666 -612.17 
7 8 -3.126 3.666 -289.64 
8 2 2.342 -3.055 -504.85 
8 9 -2.342 3.055 -246.73 
9 9 313.553 5.731 187.66 
9 10 -313.553 -5.731 190.57 

10 8 174.030 4.598 275.37 
10 9 - 174.030 -4.598 276.40 
11 7 74.670 3.824 229.42 
11 8 -74.670 -3.824 229.44 
12 6 16.704 2.211 139.38 
12 7 -16.704 -2.211 139.19 
13 6 5.035 -1.407 -38.49 
13 15 -5 .035 1.407 -62.79 
14 7 4.190 -3.336 -98.54 
14 14 -4.190 3.336 -141.67 
15 8 2.351 -4.355 -129.97 
15 13 -2.351 4.355 -183.61 
16 9 1.209 -4.782 -132.13 
16 12 -1.209 4.782 -212.18 
17 11 319.995 5.347 181.86 
17 12 -319.995 -5.347 171.04 
18 12 177.213 4.413 264.56 
18 13 -177.213 -4.413 264.96 
19 13 76.834 3.686 220.90 
19 14 -76.834 -3.686 221.45 
20 14 17.64 6 2.073 130.89 
20 15 -17.646 -2.073 130.27 
21 15 2.963 -1.061 -109.48 
21 16 -2 .963 1.061 -151.42 
22 14 2.578 -2.999 -295.87 
22 17 -2 .578 2.999 -441.77 
23 13 1.625 -4.126 -387.46 
23 18 -1 .625 4.126 -627.52 
24 12 .275 -3.251 -308.62 
24 19 -.275 3.251 -491.01 
25 19 257.936 7.440 139.14 
25 20 -2 57. 936 -7.440 351.92 
26 1 8 145.785 7.165 414.78 
26 19 -145.785 -7.165 445.07 
27 17 63.859 5.541 358.95 
27 18 -63.859 -5.541 305.94 
28 16 14.561 2.963 197.32 
28 17 -14.561 -2.963 176.02 

CTIONS 

RX RY MZ 
-5.682 236 . 516 319.84 
-5.731 313.553 190.57 



11 
20 

-5.31 7 
- 7. ,140 

. '. \ 

319. 9 95 
25 7. 9 36 

181 . 86 
351. 92 
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Appendix G 

Computer Analysis for 
Reinforced Concrete Frame 



PLANE FRAME /\Nl\LYSIS FOR WIND REINF CONC DESIGN (E-W side) 

NUMBER OF JOINTS = 20 
UMBER OF MEMBERS = 28 

.füMBER OF MATERIALS = l 
NUMBER OF SUPPORT JOINTS = 4 
NUMBER OF LOADED JOINTS = 16 

DATA 

JOINT X y RESTRAINTS 
1 .000 .000 1 1 1 
2 . 000 90.000 o o o 
3 . 000 210.000 o o o 
4 . 000 330.000 o o o 
5 . 000 456.000 o o o 
6 222 . 000 456.000 o o o 
7 222 . 000 330.000 o o o 
8 222 .000 210.000 o o o 
9 222 .000 90.000 o o o 

10 222 . 000 .000 1 1 1 
11 294 .000 ·. 000 1 1 1 
12 294.000 90.000 o o o 
13 294.000 210.000 o o o 
14 294.000 330.000 o o o 
15 294 .00 0 4 S6.000 o o o 
16 516.000 4:i6.000 o o o 
17 516.000 330.000 o o o 
18 516.000 210.000 o o o 
19 516.000 90.000 o o o 
20 516.000 .000 1 1 1 

DATA 

Jl J2 AX IZ E 
1 1 2 64.000 3840.000 3600.0 
2 2 3 64.000 512Q.OOO 3600.0 
3 3 4 64.000 5120.000 3600.0 
4 4 5 64.000 5376.000 3600.0 
5 5 6 387.000 3460.000 3600.0 
6 4 7 387.000 3460.000 3600.0 
7 3 8 387.000 3460.000 3600.0 
8 2 9 387.000 3460.000 3600.0 
9 9 10 64.000 3840.000 3600.0 

10 8 9 64.000 5120.000 3600.0 
11 7 8 64.000 5120.000 3600.0 
12 6 7 64.000 5376.000 3600 .0 
13 6 15 387.000 1845.300 3600.0 
14 7 14 387.000 1845.300 3600.0 
15 8 13 387.000 1845.300 3600.0 
16 9 12 387.000 1845.300 3600.0 
17 , 11 12 64.000 3840.000 3600.0 
18 12 13 64.000 5120.000 3600.0 
19 13 14 64.000 5120.000 3600.0 
20 14 15 64.000 5376.000 3600.0 
21 15 16 387.000 3460.000 3600.0 
22 14 17 387.000 3460.000 3600.0 



23 13 18 
24 12 19 
25 19 20 
26 18 19 
27 17 18 
28 16 17 

LOADS 

JO INT 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

3 87.000 
3 87 . 000 

64.000 
64.000 
64.000 
64.000 

wx 
6.900 
8.900 
9.200 
4.700 

.000 

.000 

.0 0 0 

.000 

.000 

.0 0 0 

.000 

.000 

.000 

.000 

.000 

.0 0 0 

34GO.OOC 
3460.000 
3840.000 
5120.000 
5120.000 
5376.000 

WY 
-78.000 
-55.200 
-34.400 
-13.600 
-18.400 
-47.100 
-74.700 

-102.000 
-102.000 
-74.700 
-47.100 
-18.000 
-13.600 
-34.400 
-55.200 
-85.200 Ll 

.. ,\~/ 

3600 . 0 
3600 . 0 
3600.0 
3600.0 
3600.0 
3600 . 0 

MZ 
-5.50 
-5.50 
-5.50 
-5.50 
-4.90 
4.62 
4.62 
4.62 
4.62 

-4.62 
-4.62 
4.90 
5.50 
5.50 
5.50 
5.50 

TOINT DISPLACEMENTS 

1 
2 
3 · 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16, 
17 
18 
19 
20 

X-DISP 
.00 000 
.07745 
.23961 
.36268 
.43241 
.43168 
.36152 
.23845 
. 07673 
.00000 
.00 000 
.07657 
.23822 
.36131 
.43149 
. 43122 
. 361 1 1 
.23798 
.07629 
.00000 

Y-DISP 
.00000 

-.06797 
-.11941 
-.14342 
-.15056 
-.19849 
-.18841 
- . 15581 
-.08780 

.00000 

.00000 
- .09994 
-.17624 
-.21060 
-.21992 
-.17060 
-.16236 
-.13531 
-.07773 

.00000 

~ND LOADS 

. ..::MBER JOINT 
1 1 
1 2 
2 2 

AXIAL FORCE 
1 7 4 .00 1 

-1 7 4.001 
9 8.761 

B,BUOT C t!CT 
ESP Z-ROT 

.00000 
-.00113 
-.00109 
-.00069 
-.00040 
-.00039 
-.00061 
-.00091 
-.00087 

.00000 

.00000 
-.00084 
-.00086 
-.00056 
-.00027 
-.00025 
-.00064 
- .00 103 
-.00108 

SHEAR FORCE 
6.067 

-6.067 
3.683 

.00000 

MOMENT 
446.36 

99.63 
215.70 



2 3 -98.761 -3.683 226.21 
3 3 46.103 2.050 60.86 
3 4 -46.103 -2.050 185.11 
4 4 13.059 . 152 -35.59 
4 5 -13.059 -.152 54.74 
5 5 4.549 - .54 1 -60.24 
5 6 -4.549 . 541 -59.87 
6 4 7.303 -1.356 -155.02 

"6 7 -7.303 1 .356 -145. 99 
7 3 7.267 -2.543 -292.56 
7 8 -7.267 2.543 -271.88 
8 2 4.516 -2.760 -320.83 
8 9 -4.516 2.760 -291.78 
9 9 224.770 8.554 251.34 
9 10 -224.770 -8.554 518.53 

10 8 130.577 7.030 415.61 
10 9 - 130.577 -7.030 428.03 
11 7 62.597 4.082 291.13 
11 8 -62.597 -4.082 198.77 
12 6 18.432 .816 84.71 
12 7 -18.432 -.816 18.09 
13 6 3.732 -.509 -29.74 
13 15 -3.732 .509 -6.89 
14 7 4.035 -4.291 -158.61 
14 14 -4.035 4.291 .. -150.37 
15 8 4.318 -9.262 -337.88 
15 13 -4.318 9.262 -329.01 
16 9 2.992 -10.566 , -382.97 
16 12 -2.992 10.566 -377.80 
17 11 255.845 8.806 525.56 
17 12 - 255.845 -8.806 266.99 
18 12 146.500 7.606 459.50 
18 13 - 146.500 -7.606 453.25 
19 13 65.964 4 . 796 242.13 
19 14 -65.964 -4.796 333.42 
20 14 17.053 2.050 83.65 
20 15 -17.053 -2.050 174.60 
21 15 1.683 -1.456 -162.82 
21 16 -1.683 1.456 -160.33 
22 14 1.291 -2.480 -271.32 
22 17 -1.291 2.480 -279. 32 
23 13 1.508 -3.426 -370.99 
23 18 -1:508 3.426 -389.70 
24 12 1.793 -3.222 -344.08 
24 19 -1.793 3.222 -371.12 
25 19 , o Q 0011 e ') "7,, 116.02 ~ _, '-' • _,, - .l. V•¿ / - ~ 

1 25 20 - 198.984 -6.274 448.61 
26 18 110.562 4.481 277.14 
26 19 - 110.562 -4.481 260.59 

1 27 17 51.936 2.973 238.65 
27 18 -51.936 -2 . 973 118.05 
28 16 15.056 1.683 165.83 
28 17 -15 . 056 -1.683 46.17 

;;ACTIONS 

RX RY MZ 
-6 . 0 67 174.001 446 . 36 
-8. 5 54 224.770 - 518.53 



11 
20 

-8. 8 06 
-6. 2 71 

2 5 5 . 845 
198 . 984 

----

5 25 . 5G 
4 4 8. 6 1 



PLANE FRAME ANALYSIS FOR WIND REINF CONC DESIGN (E-W side) 

'!UMBER OF JOINTS = 20 
iUMBER OF MEMBERS = 28 

NUMBER OF MATERIALS = 1 
NUMBER OF SUPPORT JOINTS = 4 
NUMBER OF LOADED J OINTS = 16 

DATA 

JOINT X y RESTRAINTS 
1 .000 .000 1 1 1 
2 .000 90.000 o o o 
3 .000 210.000 o o o 
4 .000 330.000 o o o 
5 .000 456.000 o o o 
6 2 22.000 456.000 o o o 
7 2 22.000 330.000 o o o 
8 2 22.000 210.000 o o o 
9 222.000 90.000 o o o 

10 222.000 .000 1 1 1 
11 294.000 .000 1 1 1 
12 294.000 90.000 o o o 
13 294.000 210.000 o o o 
14 294.000 330.000 o o o 
15 294.000 4 5 6.000 o o o 
16 516.000 456.000 o o o 
17 516.000 330.000 o o o 
18 516.000 210.000 o o o 
19 516.000 90.000 o o o 
20 516.000 .000 1 1 1 

MEMBER DATA 

MEMBER Jl J2 AX rz E 
1 1 2 64.000 3840.000 3600.0 
2 2 3 64.000 5120.000 3600.0 
3 3 4 64.000 5120.000 3600.0 
4 4 5 64.000 5376.000 3600.0 
5 5 6 387 . 000 3460.000 3600 . 0 
6 4 7 387.000 3460.000 3600.0 
7 3 8 387 . 000 3460.000 3600 . 0 
8 2 9 387.000 3460.000 3600.0 
9 9 1 0 64.000 3840.000 3600.0 

10 8 9 64.000 5120.000 3600 . 0 
11 7 8 64.000 5120.000 3600 . 0 
12 6 7 64.000 5376.000 3600.0 
13 6 15 387.000 1845.300 3600.0 
14 7 14 387 . 000 1845.300 3600 . 0 
15 8 13 387.000 1845.300 3600.0 
16 9 12 387.000 1845.300 3600.0 
17 11 12 64.000 3840 . 000 3600.0 
18 12 13 64.000 5120.000 3600.0 
19 13 14 64 . 000 5120.000 3 60 0.0 
20 14 15 64 . 000 5376.000 3600.0 
21 15 16 387 . 000 3460 . 000 3600.0 
22 14 17 387 . 000 3460 . 000 3600.0 



23 
24 
25 
26 
27 
28 

JOINT 

JOINT 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

·orNT 

JOINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

1 
1 
2 

13 18 387.000 3460.000 3600 .0 
12 19 387.000 3460.000 3 6 00.0 
19 20 64.000 3840.000 3600.0 
18 19 64.000 5120.000 3600.0 
17 18 64.000 5120.000 3600.0 
16 17 64.000 5376.000 3600.0 

LQADS 

wx WY MZ 
4.400 -78.000 -5.50 
9.200 -55.200 -5.50 

15.200 -34.400 -5.50 
16.000 -13.600 -5.50 

·ººº -18.400 -4.90 
. 000 -47.100 4.62 
. 000 -74.700 4.62 
.000 -102.000 4.62 
.000 -102.000 4.62 
. 000 -74.700 -4.62 
. 000 -47.100 -4.62 
. 000 -18.000 4.90 
. 000 -13.600 5.50 
. 000 -34.400 5.50 
. 000 -55.200 5.50 
. 000 -85.200 5.50 

DIS PLACEMENTS 

X-DISP Y-DISP Z-ROT 
.00000 .00000 .00000 
.12500 -.06433 -.00190 
.41970 -.11203 -.00212 
.68400 -.13380 -.00160 
.86582 -.14002 -.00097 
.86364 -.18513 -.00090 
.68204 -.17531 -.00139 
. 41849 -.14493 -.00176 
.12 464 -.08204 -.00149 
. 00000 .00000 .00000 
.00000 .00000 .00000 
.12454 -.10571 -.00146 
. 41?25 -.18715 -.00171 
. 68168 -.22374 -.00135 
.86316 -.23333 -.00078 
.86254 -.18109 -.00081 
.68131 -.17194 -.00154 
.41802 -.14267 -.00204 
. 12428 -.08136 -.00185 
.00000 .00000 .00000 

END LOADS 

JOINT 
1 
2 
2 

AXIAL FORCE 
164. 682 

- 1 64.682 
91.577 

SHEAR FORCE 
9.008 

-9.008 
.6. 888 

MOMENT 
696.92 
113.85 
446.86 

• 



2 3 -91 . 5 77 -6 . 8 8 8 37 9 . 65 
3 3 41 . 8 10 5.2 8 8 2 3 7. 8 3 
3 4 -4 1.8 10 -5.2 8 8 3 96 . 68 
4 4 11. 3 79 2.3 3 8 50.0 8 
4 5 -11.379 -2.3 3 8 2 44 .5 3 
5 5 1 3 . 66 4 -2 .22 1 -2 5 0.03 
5 6 -1 3 . 66 4 2. 22 1 -243. 02 
6 4 12. 2 50 -3. 969 -4 52 . 25 
6 7 -12.250 3. 96 9 -4 28 . 90 
7 3 7.600 -5.433 -6 2 2. 98 
7 8 -7.600 5.433 -583.2 4 
8 2 2.279 -4.894 -56 6 .20 
8 9 -2 . 279 4.894 -520.3 0 
9 9 210 . 017 13.115 361.4 8 
9 10 -210 . 017 -13.115 818. 8 7 

10 8 1 20.7 4 6 12.641 716.3 9 
10 9 - 1 20 . 746 -12.641 800.48 
11 7 58.327 9.511 627.63 
11 8 - 58 . 327 -9 . 511 513.65 
12 6 17 . 9 6 4 4 . 291 345.21 
12 7 - 17.964 -4.291 195.48 
13 6 9.366 -2.657 -107.09 
13 15 -9.366 2.657 -84.19 
14 7 7.03 4 -10.706 -389.61 
14 14 -7.034 10.706 -381.24 
15 8 4 . 470 -17.714 -642.18 
15 13 -4.470 17.714 -633.22 
16 9 1.805 -17.624 -637.04 
16 12 -1 . 8 0 5 17 .6 24 -631.87 
17 11 270 .6 25 13.381 826.54 
17 12 -27 0. 625 -13.381 377.76 
18 12 156.361 13.211 831.57 
18 13 -156 . 361 -13.211 753.77 
19 13 70 . 254 10.214 556.37 
19 14 -70.254 -10.214 669.37 
20 14 17.529 5.516 260.56 
20 15 -17 . 529 -5.516 434.48 
21 15 3.855 -3.128 -345.38 
21 16 -3.855 3.128 -348.92 
22 14 2.335 -5.082 -553.30 
22 17 -2.335 5.082 -574.83 
·23 13 1.472 -6.307 -681.54 
23 18 -1.472 6.307 -718 . 58 
24 12 1.635 -5.359 -572.84 
24 19 -1.635 5.359 -616.95 
25 19 .208. 275 9.297 133.58 
25 20 -208.275 -9.297 703.11 
26 18 117.716 7.661 430.45 
26 19 - 117.716 -7.661 488.88 
27 17 56.209 6 . 189 449.07 
27 18 -56.209 -6.189 293.62 
28 16 16.728 3.855 354.42 
28 17 -16.728 -3.855 131.25 

.EACT I ONS 

RX RY MZ 
-9 . eicrn l64.682 696.92 

10 -13.115 210.011 8 1..8. 8 7 



• 

• 

11 
20 

-13.381 
-9.297 

' .. 
'\ 

270.625 
208.275 

826 . 5-1 
703.11 

·-----, 



Appendix H 

Construction Schedule 



Critica! Task Project Schedule 
Redeslgn of lnstitute Hall : Structural Steel Design 

Lukauskis, Fábrega, and Pissimissis 

ID Task Name Duratíon Start Finísh Predecessors Resource Names 

1 Start of Project 51 .59d 3/28/94 617/94 

2 Excavation for Foot:ngs 1.98d 3/28194 3/29194 

ID Successor Name Type Lag 

3 Formlng for Foollngs FS 0d 

4 Relnforclng for Footlngs FS 0d 

8 Olsposal for Fool/ngs FS 0d 

3 Forming for Footings 3.68d 3/29194 414194 2 

ID Successor Name Type Lag 

5 Pourtng of Concrete for Footlngs FS 0d 

5 Pouring of Concrete for Footings 1.41d 4/4194 4/&94 4,3 

ID Successor Name Type Lag 

6 Curtng of Concrete for Footings FS 0d 

6 Curing of Concrete for Footings 0.17d 4/&94 4/&94 5 

ID Successor Name Type Lag 

7 Backfi/1 for Footings FS 6d 

9 Erection of 8x24 Basermnt Columns FS 6d 

10 Erection of 10x68 Basement Co/umns FS 6d 

10 Erection of 10x68 Basement Columns 0.15d 4114194 4/14194 6FS+6d 

ID Successor Name Type Lag 

18 Fireproof Basement Co/umns FS 0d 

23 Erection of F/rst Floor 21 x68 Gln:Jers FS 0d 

42 Erectlon of First Floor 10x68 Columns FS 0d 

42 Erection or First Floor 10x68 Columns 0.2d 4/14194 4114194 10 

ID Successor Name Type Lag 

43 Flreproof Flrst Floor Co/umns FS 0d 

45 Erectlon of Second F/oor 21x68 G/n:Jers FS 0d 

º~ Erectlon of Second Floor 10x68 Co/umns FS 0d 

64 Erection of Second Floor 10x68 Columns 0.2d 4/14194 '~ 4114194 42 

ID Succassor Name Type Lag 

65 Fireproo( Second Floor Co/umns FS 0d 

67 Erection of Thlrd Floor 21x68 Gln:Jers FS 0d ~ 

86 Erect/on of Thlrd Floor 10x68 Co/umns FS 0d 

67 Erection of Third Floor 21 x68 Girders 0.58d 4(1~ dCT 
4115194 64,63 

ID Successor Name Type Lag 
. 

68 Erection of Third Floor 6x9 Seams FS 0d lES~OL 
69 Erect/on of Thlrd Floor 10x22 Beams FS 0d 

70 Erection of Thlrd Floor 12x14 Beams FS 0d 

80 Fireproof Thlrd Floor Seams & Gln:Jers FS Od 

69 Erection of Third Floor 10x22 Beams 0 .45d 4115194 4/15194 67 

ID Successor Nama Type Lag 

71 Erection of Th ird Floor Metal Deck FS Od 
80 FIreproof Th lrd Floor Beams & G/n:Jers FS 0d 
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Critical Task Project Schedule 
Redesign of lnstitute Hall ; Structural Steel Design 

Lukauskis, Fábrega, and Pissimissis 

ID Task Name Duration Start Finish Predecessors Resource Names 

71 Ereclion of Thlrd Floor Metal Deck 1.31d 4115,94 4119/94 68,69,70 

ID Successor Name Type Lag 

72 Welding of Thlrd F/oor Metal Dock FS 0d 
81 Erectlon of Socond Floor Ca/1/ng FS 0d 

72 Welding of Third Floor Metal Deck 10.3d 4119194 5/3194 71 

ID Successor Name Type Lag 

73 Edge Form/ng fo, Thlrd Floor Slab FS 0d 
74 Reln(orr:lng (or Thlrd Floor Slab Halls FS 0d 
75 Relnforr:ing for Third Floor Slab Rooms FS 0d 

75 Reinforcing for Third Floor Slab Rooms 1.52d 5/3194 5/4194 72 

ID Successor Name Type Lag 

76 Pour/ng Th/n:J Floor S/ab FS 0d 

76 Pouring Third Floor Slab 0.43d 5/4194 515194 73,75,74 

ID Successor Name Type Lag 

77 Cur/n¡¡ Third Floor Slab FS 0d 

77 Curing Third Floor Slab 0.51d 5t5l94 515194 76 

ID Successor Name Type Lag 

78 Float Flnlsh o( Thlrd F/oor Slab FS 0d 
79 Erectlon of Thlrd F/oor Scatroldlng FS 0d 

78 Float Finish of Third Floor Slab 6.39d 5t5l94 ~16,94 77 

ID Successor Name Type Lag 

82 Erection of Thlrd Floor Exwr/or Wa/1 FS 0d 

82 Erection of Third Floor Exterior Wall 9.67d ~16,94 5/27194 79,78 

ID Successor Name Type Lag 

84 Erection of Thlrd Floor lnner Wa/1 FS 0d 

84 F.rection of Third Ftoor lnner Wall 6.64d 5/27194 617194 82,83 

ID Successor Name Type Lag 

104 Completion of Project FS 0d 

104 Completion of Project 0d 617194 6/7194 8, 19,22,37,44,40,59,66, 
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Critica! Tasks Project Schedule 
Redesign of lnstitute Hall: Reinforced Concrete Deslgn 

Lukauskis, F ábr E,g a , and Pissimissis 

ID Task Name Duration S tart F inlsh Predecessors Resource Names 
1 Start of Project 143.93d 3/28/94 10/13/94 
3 Forming for Footings 9.51d 3/28'94 418'94 

!D SuccessorName Type Lag 
5 Pourlng of Concrete for FooUngs FS Oh 

5 Pouring of Concrete for Footings 1.34d 418'94 4111'94 4,3 
ID Successor Name Type Lag 
6 Curing of Concrete for Footings FS Oh 

6 Curing of Concrete for Footings 0.15d 4111'94 4111'94 5 

ID Successor Name Type Lag 
7 Backfi/1 for Foo/Jngs FS Oh 

7 Backfi ll for Footings 0 .45d 4/12184 411294 6 

ID Successor Name Type Lag 
16 Grave/ Base Course FS Oh .--. 

16 Grave! Base Course O.ffid 4/1294 4113194 7 

ID Successor Name Type Lag 
17 Vapor Barrler FS Oh 

17 Vapor Barrier 1.38d 4/13194 4/1494 16 

ID Successor Name Type Lag 
18 Edge Formlng for Basement Slab FS Oh 
19 Relnforclng ror Basement Slab FS Oh 

19 Reinforcing for Basement Slab 1.82d 4/14194 4/18194 17 

ID Successor Name Type Lag 
20 Pourtng for Basement S/ab FS Oh 

20 Pouring for Basement Slab 0.63d ' 4/18'94 4118'94 19,18 

ID Successor Name Type Lag 
21 Curlng for Basement S/ab FS Oh 

21 Curing for Basemenl Slab 0.51d 4/18'94 4119'94 20 
ID Succ&ssor Name Type Lag 
22 Float Flnlshlng ol Basement Slab FS 0d 

22 Float Finishing of Basement Slab 6.39d 4/19'94 4/27'94 21 
ID Successor Name Type Lag 
23 Shortng for Flrst Floor S/ab FS 0d 
37 Erection o/ Exterior Basement Wa/1 FS 0d 
38 lnsertloo ol lnsu/atlon on Basement Wa// FS 0d 

23 Shoring for First Floor Slab 2.36d 4127'94 512/94 22 
ID Successor Name Type Lag 
24 Plate Fonning for F/rst Floor S/ab FS Oh 

24 Plale Fonning for First Floor Slab 8.69d 512/94 5/1294 23 

ID Successor Name Type Lag 
25 Edge Formlng for Flrs t Floor S/ab FS Oh 
26 Reinforclng for Flrs t Floor Slab FS 0d 
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. Critica! Tasks Project Schedule 
Redesagn of lnstit ute Hall: Relnfor 

Lukauskis F ºb Ced Concrete Oesign ' ª reg a, a nc! P issimissis 

ID Task Name Duration Start Finish Predecessors Resource Names 
26 Reinfercing fer First Floor Slab 1.53d 5112194 24 5116194 

ID Successor Name Type . Lag 

27 Pouring for Flrst Floor Slab FS 0d 

27 Pouring fer First Floor Slab 0.84d 5/16194 5/17194 26,25 
ID SuccassorName Type U ;g 

28 Curing for Flrst Floor S.'ab , FS 0d 

28 Curing fer First Floor Slab 0.51d 5/17194 5117194 27 
ID Succassor Name Type Lag 

29 Floal Flnlshlng o/ Flrst "loor Slab FS 0d 
40 Shoring for Second F/o ,r Slab FS 6d 

40 Shering fer Secend Floor SlaJ 2.36d 5125194 Sm/94 28FS+6d 
ID Succassor Name Type Lag 
41 Plata Formlng for Seco 1d Floor Slab FS 0d 

41 Plat/;! Ferming fer Second Floor Slab 8.00d &n94 619194 40 
ID Successor Name Type Lag 

42 Edga Formlng for Seco ·1d Floor Slab FS 0d 
43 Relnforclng for Second Floor Slab FS 0d 

43 Reinforcing fer Secend Floor Slab 1.53d 619194 6/13'94 41 
ID Successor Name Type Lag 

44 Pouring for Second Floor Slab FS 0d 

44 Pouring fer Second Floor Sial> 0.84d 6/13194 6/1494 43,42 
ID Successor Name Type Lag 

45 Curlng tor Second Fkxx Slab FS 0d 

45 Curing for Second Floor Slab 0.51d 
' 

6/14194 6/1494 44 
ID Successor Name Type Lag 

4ó Float Flnishlng of Seco11d Floor Slab FS 0d 
47 Spllc/ng for For Second Floor Columns FS 6d 

46 Float Finishing ef Second Fleer Slab 6.39d 6/14194 6123,94 45 
ID Succ&ssor Name Type Lag 

58 Shorlng for T/l lrd F/oor Slab FS 0d 
65 Float Flnlshlng ol Basement Ce/1/ng FS 0d 
66 Breaklng Parches and Vo/ds Basement FS 0d 
74 ErecUon of Scaffoldlng for Socond Floor Wall FS 0d 
86 FJoat Flnlshlng of F/rst Floor Ce/1/ng FS 0d 
90 Erectlon of Scaffokilng for Thlrd F/oor Wa/1 FS 0d 

58 Sheri1g fer Third Floor Slab 3.47d 6123,94 6128194 46 
ID Successor Name Type Lag 

59 Plata Formlng for Thlrd F/oor Slab FS 0d 

59 Plate Ferming fer Third Floor 51ab 8.00d 6/28194 7/11194 58 
ID Successor Name Type Lag 

60 Edgo Formlng for Thlrd " loor Slab FS 0d 
61 Relnforc/ng tor Thlrd Fkor Slab FS 0d 
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. Criti~al Tasks Project Schedule 
Redes1gn of lnst1tute Hall: Reinforced Con t D · . _ ere e es1gn 

Lukausk1s, Fabrega, and Pissimissis 

ID Task Name Duration Start Finish Predecessors Resource Names 
61 Reinforcing for Third Floor Slab 1.53d 7/11194 7/12194 59 

ID Successor Name Type Lag 

52 Pourlng (or Third Floor Slab FS 0d 

62 Pouring far Third Fioor Slab 0.84d 7/12/94 7/13194 61,00 
ID Successor Name Type Lag 

53 Curing (or Thlrd Ftoor Slab FS 0d 

63 Curing fer Third Floor Slab 0.51d 7/13194 7/14194 62 
ID Successor Name Type Lag 

54 Floa t Flnlsh lng o( Thlrd Floor Slab FS 0d 
57 Sµllclng (or For Thlrd F/oor Columns FS 6d 

64 Float Finishing of Third Floor Slab 6.3:ld 7/14194 7122./94 63 
JO Succsssor Name Type Lag 

57 Spllclng for For Thlrd Floor Columns FS 0d 

67 Splicing for For Third Floor Columns 0.2d 7122194 71221'94 63FS+6d,64 
ID Succossor Name Type Lag 

58 Re/n(orcement for Thlrd Floor Columns FS 0d 

68 Reinforcement for Third Floor Columns 0.79d 71221'94 7/25/94 67 
ID Successor Name Type Lag 

59 Forming of Sma/1 Thlrd F/oor Co/umns FS 0d 
70 Fo1111ing for Large Thlrd Floor Co/umns FS 0d 

70 Forming for Large Third Floor Columns 3.72d 7/25/94 7/29/94 68 
ID Successor Name Type Lag 

71 Pourtng for Thlrd F/oor Co/umns FS 0d 

71 Pouring for Third Floor Columns 0.27d ' 7/29/94 7/29/94 70,69 
ID Successor Naf119 Type Lag 

72 Curtng for Thlrd Floor Co/umns FS 0d 

72 Curing for Third Floor Columns 0.13d 7/29/94 7/29/94 71 
ID Successor Name Type Lag 

73 Float Flnishlng ol Thlrd Floor Columns FS 3d 

73 Float Flnishing of Third Floor Columns 4.14d 813,94 8,9/94 72FS+3d 
ID Successor Name Type Lag 

78 Shorlng for Roor Floor Slab FS 0d 
95 Completíon ol Project FS 0d 

78 Shoring fer Roof Floor Slab 3.47d 819/94 8/15,94 73 
ID Successor Name Type Lag 

79 Plata Forming for Roof Floor Slab FS 0d 
87 Broaking Patches and Volds Flrst F/oor FS 0d 

79 Plate Forming fer Roof Floor Slab 8.69d 8/15,94 8/25/94 78 
ID Successor Name Type Lag 

80 Edge Forming ror Roo( F/oor S/ab FS 0d 
81 Relnforc/ng for Roo! Floor Slab FS 0d 
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i, 

ID 
81 

82 

83 

84 

88 

89 

96 

l. _ _ :11__1L_! 

Tasi< Name 
Reinforci:,g for Roof Floor Slab 

Critica! Tasks Project Schedule 
Redesign of lnstitute Hall: Reinforced Concrete Design 

Lukauskis, Fábreg;1, and Pisslmissis 

Duration Start Finish 
1.53d 8/25/94 8/29194 

Predecessors 
79 

ID Successor Name Type Lag 

82 Pourfng for Roof Floor Slab FS 0d 

Pouring for Roof Floor Slab 

ID Successor Name Type Lag 

83 Curtng for Roof Floor Slab FS 

Curing fer Roof Floor Slab 

ID Successor Name Type 

84 Float Flnlshlng for Roof S/ab FS 

Float Finishing far Roof Slab 

ID Successor Name 

85 Waterproof Membrane on Roof Floor 
88 Float Flnlshlng of Socond Floor '.;e/1/ng 
94 Float Fin lshing Th lrd F/oor Ce/1/ngs 
95 Breaking Patches and Vo/ds on Thlrd Floor 

Float Finishing of Second Floor Ceiling 

ID Successor Name 

89 Breaking Palches and Voids Socond F/oor 
96 Complet1on of Project 

Breaking Patches and Voids Second Floor 

ID Successor Name Type Lag 

96 Completlon of Project FS 0d 

Completion of Project 

0d 

Lag 
0d 

Type 
FS 
FS 
FS 
FS 

Type 
FS 
FS 

0 .84d 

0.51d 

6.39d 

Lag 
0d 
0d 
6d 
0d 

6.:n:l 

Lag 

0d 
0d 

19.35d 

0d 

8/29/94 

8/3l94 

8/3l94 

9/8,94 

9/16,94 

10/13194 
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81:n94 81,80 

81:n94 82 

9/B,94 83 

¡/'· . . 
9/16,94 84 

10/13194 88 

10/13194 8,15,36,38,~,56,57,66, 

Resource Names 




