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I. Introduction.

When admitted to the Doctor of Engineering program of Texas A & M 

University, I held the degrees of Civil Engineer and of Master of Science. 

I also had some work experience related to the design and supervision of 

structures. This, coupled with the fact that I was currently working for 

a Houston-based consulting engineering firm, Walter P. Moore & Associates, 

was decisive in arranging my internship at that firm.

The objectives of the Doctor of Engineering Internship have been well 

established by the College of Engineering; these are:

To enable the student to demonstrate his ability to apply his 
knowledge and technical training by making an identifiable 
contribution in an area of practical concern to the organiza
tion or industry in which the internship is served, and

To enable the student to function in a non-academic environment 
in a position where he will become aware of the organizational 
approach to problems in addition to traditional engineering 
design or analysis. These may include, but are not limited to, 
problems of management, labor relations, public relations, en
vironmental protection or economics.

In order to establish my contribution to the area of practical con

cern in which I was involved and also my exposure to the organizational 

approach to problems in the non-academic environment, it is necessary to 

outline in detail the basic services offered by a consulting structural 

engineer as presented by the American Society of Civil Engineers.* The 

services marked by an asterisk in the enclosed outline, represent those 

in which I have had some degree of exposure; the ASCE outline of services 

is as follows:

* ASCE - Manuals and Reports on Engineering Practice - No. 45, "Con
sulting Engineering, a Guide for the Engagement of Engineering Ser
vices."



Services in the Preliminary Phase

* 1. Conferences with architects, other engineers engaged on the project, 

owner's representatives, building officials, and regulatory agencies, to 

establish the scope of the project and requirements of alternate structural 

systems;

* 2. Participation in the formulation of a soils and foundation investi

gation, and counseling on data needed;

* 3. Preparation of economic studies of alternate structural systems, 

including foundations;

* 4. Preparation of preliminary structural designs required to define 

space needs of the structural elements, as well as to accommodate the space 

needs of the architectural, mechanical, and electrical facilities;

* 5. Preparing design criteria and outlining specifications for structu

ral aspects of the project; and

* 6. Counseling on building form, materials, and methods of construction 

as related to the structure, costs suitability to the site foundation con

ditions, building code requirements, etc.

Servi ces in the Design Phase

* 1. Conferences with the architect and with others to plan and coordi

nate the structure into the building project;

* 2. Consultation on the need for foundation investigations to supple

ment those that may have been made in the preliminary phase;

* 3. Preparation of structural calculations in reproducible form for 

normal design loads;

* 4. Preparation of structural contract drawings (in pencil on tracing 

paper unless otherwise agreed) in sufficient detail to define the cons true-



tion work explicitly, and to keep the professional responsibility for the 

structural design, including details, with the Consulting Structural Engi

neer;

* 5. Preparation of structural specifications in a form as agreed, for 

incorporation in the project specifications;

* 6. Provision of a reasonable number of prints of the work in progress 

for coordination of the project design; and

7. Participation in establishing the materials testing, fabrication 

inspection, and construction inspection programs for the project.

Servi ces in the Construction Phase

1. Preparation of structural addenda as may be required during the bid 

period, and other assistance in the procurement of bids;

2. Provision of consultation and advice on structural aspects of the 

project construction;

3. Preparation of supplementary structural sketches and details needed 

to resolve field problems that may be encountered;

* 4. Review of detailed construction drawings and shop and erection 

drawings submitted by the contractor;

5. Review of laboratory, shop, and mill test reports of materials,fab

rication, and equipment, and reports of these reviews in writing to the 

Prime Professional; and

6. Observations of construction in progress and provision of appro

priate reports to the Prime Professional.

In this report through a detailed coverage of my experience at Walter 

P. Moore & Associates, where my involvement in the above mentioned services 

was demonstrated, I establish the fulfillment of the internship's objectives.



II. An Internship at Walter P. Moore & Associates

A. Organization of the Firm and Intern1s Position

Walter P. Moore & Associates is a consulting engineering firm, pre

sently engaged in both structural and civil engineering projects. Since 

its creation in 1931, it has grown to occupy a prestigeous position in the 

nation, being involved in both national and international projects. The 

firm was listed by Engineering News Record among the top 500 consulting 

engineering firms in the United States for the year 1977.

With respect to its organization, it is divided into two major divi

sions: the Project Division, of recent creation, in charge of Civil Engi

neering projects, and the Structural Division. The Structural Division 

has been the pjllar of the firm through the years; it is further subdivi

ded into self-sufficient design groups, each of which is headed by a group 

leader and an assistant group leader in charge of a staff of engineers and 

draftpersons. The projects are assigned by management to the group lea

ders, who in turn assign them to an engineer or engineers within the group, 

depending upon the size of the project.

In addition to the design of buildings, having conventional struc

tures, the division has designed numerous outstanding non-typical struc

tures which makes it a highly desirable place for a young engineer to ac

quire experience.

I was a design engineer under Mr. Larry Griffis and Mr. Chi Wu, group 

leader and assistant group leader respectively,* both registered profes

sional engineers, in what was known as Group No. 1 of the Structural Divi -

* In the following sections, when particular projects are described, the 
name of my immediate supervisor is given if other than Mr. Griffis and Mr. 
Wu.



sion. during the great majority of my internship. My internship supervisor 

was Mr. Ken Zimmerman, a registered professional engineer and president of 

the company.



B. Internship Overview

Walter P. Moore & Associates has been heavily involved in the struc

tural design of buildings for the construction industry in the past forty- 

seven years. In the construction industry, three broad areas of construc

tion can be classified, namely: building construction, engineering cons

truction, and industrial construction. The firm's involvement has been 

mainly in the building construction area where the bulk of buildings are 

those to be erected for habitational, institutional, educational and com

mercial purposes. All these buildings were designed by architectural 

firms; the relationship with the consulting structural engineer was one 

wherein he serves the owner indirectly through an architect responsible as 

the Prime Professional. Walter P. Moore & Associates' major clients 

throughout the years have been architectural and development firms for 

whom the firm performs what is known as "Professional-not-prime" type ser

vices.

During the period of fifteen months in which I worked for Walter P. 

Moore & Associates, I was involved, with varying degree of responsibility, 

in fifty projects which represented a fairly complete cross section of the 

type of projects in which the firm was involved. I have classified these 

projects into six distinct categories according to the type of work per

formed; each project category, with the percentage of time dedicated to 

it, and the number of projects actually worked, is indicated in the fol

lowing list:

Project Categories % No.

1. Preliminary Structural Design 23 19

2. Complete Structural Design of Buildings 30 4

3. Design of Special Structural Systems 33 8



Project Categories (cont.)

4. Field Inspection of Structures

5. Structural Additions & Remodeling of Existing

% No.

1 1

Buildings

6. Revision of Design and Shop Drawings 4 2

9 16

100 50

My involvement in the projects classified in the above mentioned ca

tegories has broadened my education by providing me with exposure to the 

actual practice of engineering and by being a positive step in my profes

sional development; one of the implied objectives of the internship.

The relevant codes of practice prevalent at the time of my internship 

were used in the execution of all the projects, these codes were: the Amer

ican Concrete Institute's ACI 318 - 71, and the American Institute of 

Steel Construction, Manual of Steel Construction, seventh edition.

In the following sections, a detailed description of relevant projects 

within each of the six categories mentioned is presented.



III. Projects Performed

A. Preliminary Design

In structural design, the preliminary phase has an important role; it 

provides the initial description of a real structure with known member sizes 

and subjected to known loads. The following flow diagram of a struc

tural analysis and design sequence is included here to establish the posi

tion of the preliminary phase in the design process.*

From the nature of the preliminary designs in which I was involved, 

two classifications can be made: a. Preliminary design to establish fea

sibility and preliminary pricing and, b. Preliminary design as a basis 

for final design. Among the projects in which I worked I have considered 

appropriate to include in this section five which are representative of 

"this important phase of structural design. These particular projects are 

presented in the following list:

* From: "Matrix Structural Analysis", by M.D. Vanderbilt, Quantum Publi
shers, 1974.



1. Feasibility and Pricing

a. WEST LOOP OFFICE BUILDING

b. BAY DESIGN GARAGE

c. BLOCK 130, HOUSTON CENTER

d. TEN-TEN GARAGE INVESTIGATION

2. Basis for Final Design: THREE RIVERWAY



1. Feasibility and Pricing

a. WEST LOOP OFFICE BUILDING 

Task Description

In this particular assignment I was in charge of preparing the pre

liminary design for an eight-story office building with a long truncated 

pyramid-shaped plan, to be constructed in the Houston area and which was 

being developed by A1 Keller, a Houston developer. A sketch of this build

ing's typical floor outline with its dimensions is presented in section a.l 

of appendix I.

The objectives to be accomplished is this task were: 1. to establish 

the general structural layout to fit the functional requirements of the 

building, and 2. to consider and size the several possible solutions that 

satisfied the functional requirements. Specificly I was to consider four 

different schemes combining reinforced concrete and structural steel.

Due to the relatively low-rise nature of this building, wind forces 

were not considered in this preliminary analysis; for the purpose of esta

blishing the relative advantages of the alternatives considered, a gravity 

load analysis of a typical floor was considered appropriate.

Task Planning

The first step involved in the execution of the assignment consisted 

of a careful examination of the set of preliminar7 architectural plans that 

were available from the architect's office. After a complete acquaintance 

with the architectural requirements, the next steps in the planning process 

were: 1. the establishment of the loading conditions and of the materials' 

properties, 2. the identification of a representative interior bay of the 

typical floor to be analyzed, and 3. the review and study of a new cons



truction system which was being introduced in the Houston area and which 

was to be used as one of the alternatives.

Task Execution

I isolated and analyzed a typical 30* x 100' interior bay extending 

throughout the width of the building. Four alternatives involving differ

ent construction systems and materials were considered, and I carried out 

a complete structural design for each alternative. The four alternatives 

considered were (1) Grade 50 steel joists, beams and columns,(2) Grade 

50 steel composite beams and steel columns,(3) Reinforced lightweight 

concrete beams and joists with normal weight reinforced concrete columns, 

and (4) Grade 50 steel composite joists and beams with grade 50 steel co

lumns. This last alternative, with trade name of "Hambro" system, was 

being introduced in the Houston area at that time its main feature being 

the composite action developed both with joists and beams. A set of the 

relevant calculations for each alternative is included in section a.2. of 

appendix I.

Once the design was completed, I conveyed all the relevant informa

tion to one of the group's draftpersons who was assigned to work with me 

in this particular job. After agreeing on the format for the drawings, 

the last step in the task was to prepare the structural specifications for 

each alternative presented, these were to be included in the drawings.

Task Results

After completion of the design and drafting of the preliminary pro

posal, I met with my immediate supervisor in order to review the proposal. 

After I explained the assumptions and procedure used to accomplish the 

assignment, and after his approval, copies of our drawings were submitted



to the firm's client.

The objectives set for this assignment were fully accomplished; an 

appropriate structural layout, fitting the functional requirements of the 

building was devised, and a complete design was provided for each of the 

four alternatives considered.

A copy of the completed drawings with the four different alternatives 

analyzed, as submitted to the client, is presented in section a.3. of ap

pendix I.

Comments

The information embodied in the drawings, which were being provided 

by our firm to the client, was of decisive importance in making the deci

sion as to what system of construction to employ in order to minimize the 

initial cost of the investment. The decision as to which particular 

scheme would have a least-cost effect was made by the developer after the 

contractor had reviewed our proposal and had determined, based on availa

bility and prices of materials at that time, which would actually be cheap

er to build. It turned out that the scheme chosen was the "Hambro" system.

Several months after I had completed the preliminary analysis for this 

building, the complete set of architectural plans were submitted to our 

office in order to proceed with the final design and draft for the struc

ture. At that time, I was heavily involved in another project and couldn't 

participate in its final design.

Review

I had obtained most of the technical knowledge required to carry-on 

this assignment from basic reinforced concrete and structural steel design 

courses. The consideration of a new composite construction system for one



of the alternatives, required investigation and study of the new system on 

rny part at that time. This proved to be an interesting learning experience 

since the new floor system represented^from the design point of view, a 

definite improvement, by providing composite action with both beams and 

joists, over the conventional bar joist system. For the sake of complete

ness, I am enclosing in section a.4. of appendix I a brief description of 

the "Hambro" system as presented in the manufacturer's brochure.

The contribution of this assignment to the fulfillment of the intern

ship's objectives was: (1) the basic academic knowledge dealing with the 

analysis and design of reinforced concrete and structural steel elements 

was applied in the creation of structural systems satisfying the functional 

requirements of the structure, and (2) the interaction with both the group 

leader and the draftperson assigned to the project, represented an impor

tant aspect of functioning in a non-academic environment.



b. BAY DESIGN GARAGE 

Task Description

In this assignment I was to perform the preliminary design of a typ

ical floor for a parking garage structure. The firm's client in this 

project was Bellows Construction Company, a contractor who was to utilize 

our design for pricing purposes.

The objective to be accomplished in this task was to provide the 

client with detailed structural information of three different floor lay

outs for two different loading conditions in a minimum amount of time.

I was to design three interior bays for a parking garage structure, 

all with the same column spacing in the longitudinal direction of 30'.

The column spacing in the transverse direction varied for each layout:

a. 45' - 60' - 45' continuous interior spans with 15' cantilevers at both 

ends, b. 60' - 60' - 60' continuous spans, and c. 30' - 30' - 30' con

tinuous interior spans with 15' cantilevers at both ends. Layouts'a11 and

n h
b were to be designed with a one-way postentioned lightweight concrete 

joist system and layout “c" was to be designed with normal weight conven

tionally reinforced concrete joist system. This last layout was to be 

analyzed also for a special concentrated loading condition due to an AASHT0 

HS 20-44 truck loading.

Task Planning

The information provided to me in this particular project was con

veyed by the group leader who had obtained it in a telephone conversation 

with the client. Since a parking garage structure is close to being a 

"pure" engineering project without architectural requirements, the column 

spacings and materials' required were about all I needed to get started; 

this was the information I obtained.



There were two steps involved in the planning process for this pro

ject: 1. establishment of the loading conditions and materials' informa

tion, and 2. acquaintance with a commercially available computer program 

which had the capability of analyzing and designing prestressed concrete 

structures.

Task Execution

I performed a hand analysis and design of the conventional reinforced 

concrete joist system; the prestressed schemes consisting of postensioned 

one-way lightweight joists were analyzed and designed by the commercially 

available "Posten" computer program to which I had to submit the input 

data only. At the office, we had a computer terminal with operators to 

whom the engineers would submit the data and they would key-punch it in.

In addition to this "Posten" program I also used to a major extent 

the "Stress" program, both were available in-house and greatly expanded 

our capabilities. Typical data sheets with the input for the "Posten" 

program is presented in section b.l. of appendix I.

Once the design was completed, the next step in the execution of the 

assignment was to prepare the structural specifications and provide appro

priate drawings for the schemes analyzed; since all of the draftpersons in 

our group were involved in other projects, I personally prepared the re

quired drawings.

Task Results

When I completed both the design and the drafting of the required 

schemes, I met with my immediate supervisor to review my work. After dis

cussing the procedure employed in carrying out the assignment and review

ing the specifications and drawings, copies of these were sent to the



client. The structural drawings with specifications which I prepared for 

each scheme analyzed, are presented in sections b.2. and b.3. of appendix 

I.

The objective to be accomplished in this task was fulfilled; the de

tailed structural information required by the client was provided within 

a short period of time. In addition, I was introduced to the use of the 

"Posten" computer program which demonstrated to have powerful capabilities.

Comments

It is worthwhile to note that the firm's client was a contracting 

company. Based on relatively sketchy information with which to start, we 

provided information that could be used in a multitude of different build

ing schemes. This demonstrated the fast-pace of the construction industry 

these days, when structural designs, based on phone requests, are needed 

to remain competitive.

Review

In the execution of this task, I utilized basic reinforced and pre

stressed concrete principles learned in school. The utilization of the 

"Posten" computer program certainly contributed to expand my capabilities 

as a structural designer.

The main contribution of this assignment to the fulfillment of the 

internship's objectives is directly related to the application of my tech

nical knowledge in producing an identifiable contribution to the firm's 

interests.



c. BLOCK 130, HOUSTON CENTER 

Task Description

An architectural firm from Houston, Pierce-Goodwin-Alexander, had 

proposed several schemes for a multi-story building to be constructed in 

downtown Houston. Our firm was contacted to perform a preliminary esti

mate of materials required for the structure. There was a very special 

feature of this task, it was to be completed within forty-eight hours.

This project consisted of designing three different schemes, (1) a 

twenty-seven - story structure with rectangular plan dimensions of 90' x 

240', (2) an eighteen - story structure with rectangular plan dimensions 

of 90' x 184', and (3) an eighteen - story structure with rectangular plan 

dimensions of 100' x 184'. All three buildings were to have reinforced 

concrete structures.

The objective to be attained in this task was to provide estimates of 

the materials required for the three structures in a minimum amount of 

time.

Task Planning

I was provided with a standard plan to be modified according to the 

particular requirements of each scheme, (see section c.l. of appendix I). 

Since the task demanded rapid action, the time spent in planning it was 

minimum. It consisted in dividing the project into three phases: (1) the 

design of the typical floor for gravity loads with minor modifications,

(2) the sizing of the lateral load-resisting elements, and (3) an esti

mate of the materials required for the different schemes.

Task Execution

I carried out the design of the reinforced concrete one-way joist



system for the typical floor in a very short period of time; in doing this 

I utilized the short-cuts available from ACI 318 - 71 in its chapter 8: 

"Analysis and Design-General Considerations".

The analysis of the lateral force-resisting elements required an 

oversimplification due to the time constraint. I isolated three levels 

within the height of each structure, one level close to the roof, one at 

midheight and the third one at ground level. These isolated substructures 

were analyzed and designed and the results were used to establish average 

column and beam sizes. This oversimplified analysis is presented in sec

tion c.2. of appendix I for the twenty-seven - story building; the founda

tion investigation for this building is also included in that section of 

the appendix.

Task Results

In this project, the review of my work by my supervisor was done on a 

step-by-step basis; as soon as I had some information, he would discuss 

its relevance with me and would convey it to the client by telephone.

The objective set for this task was fully accomplished, within the 

time limits imposed by the client, I was able to supply the relevant in

formation requested.

Comments

By far, the most important aspect of this task was the limitation im

posed by the time requirement. This limitation forced me to make a rapid 

decision as to how to simplify the analysis. The computer programs avail

able were useless under the circumstances because of the relatively long



time involved in preparing the input data.

Throughout the period of time in which I worked at Walter P. Moore & 

Assoc. I could notice the increasing time limitations being imposed by the 

firm's clients upon each project, but this particular one was certainly the 

most restricted of all.

Revi ew

The basic knowledge of structural analysis and of concrete design ac

quired in school was sufficient to carry on this assignment. The relevant 

aspect of it was the need of applying that knowledge in making a judgement 

as to simplify the analysis and still provide results within "the ball

park" .

The main contribution of this assignment to the fulfillment of the 

internship's objectives is that in addition to contributing to the firm's 

interests, it gave me a first-hand view of the ever increasing fast-pace 

which the construction industry is going through today; this certainly rep

resented a view which could only be obtained outside of the academic 

world.



d. TEN-TEN GARAGE INVESTIGATION 

Task Description

The Tenneco corporation was considering the construction of a twenty- 

four - story building to be located in the downtown area of Houston, and 

on the site of an existing seven - story parking garage structure. This 

project had a very special feature: the parking garage building was not 

to be demolished and was to remain operational; our firm was contacted to 

carry out the preliminary design and feasibility study.

In order to comply with such a request, it was proposed to construct 

a platform 115* high providing a surface of 209' x 240' at the top, and 

completely independent of the existing garage structure. Such a platform 

would serve as the supporting structure for the twenty-four - story build

ing that would then be erected on top of it.

In. charge of this unususal project was Dr. H.R. Horn, who at the time 

was vice-president of the firm. He subdivided the project into two differ

ent tasks , the preliminary design of the twenty-four - story building and 

the preliminary design of the supporting platform structure. I was assign

ed to perform the preliminary design of the tower, while two other engine

ers worked on the supporting platform. A schematic drawing giving an idea 

of the proposed structure is presented in section d.l. of appendix I.

Since we had to establish the feasibility of constructing the plat

form, the main requirement on my assignment was to establish the loading 

conditions that the twenty-four - story building would impose on the plat

form.

The specific objectives that I was to accomplish in this task were:

1. to design a complete typical floor for the tower, and 2. to compute 

the reactions at the transfer level with the platform due to gravity and



wind loads.

Task Planning

Once I was informed on the nature of the project and became acquaint

ed with the architectural requirements, I proceeded to establish the 

floor gravity loads and the wind loads.

At this stage, I was instructed to consider a composite steel and 

concrete system for the floor structure. Since this was the first "real 

world" job in which I was to perform a design of such a system, I proce

eded to review both my steel design class notes and the current AISC re

quirements for composite construction presented in the Manual of Steel 

Construction.

Task Execution

The execution of the assignment was straight-forward; after comple

ting the gravity load analysis and design of the composite floor system,

I submitted the design results to the draftperson assigned to the project 

in order to transfer them to the drawings. A copy of the working drawings 

for the typical floor plan is included in section d.2. of appendix I as 

well as a copy of the gravity load calculations. Once the floor design 

was completed, I proceeded to collect the column loads in order to estab

lish reactions at the base and for future use in the actual column design. 

The load collection for the columns is also included with the gravity load 

calculations. It was important at that time because this building was the 

first multistory structure which I analyzed in actual practice. The stan

dard format employed in the office to record loads proved to be very prac-. 

tical.

The wind loading used in this building was established from the



American National Standards Institute's (ANSI) provisions for a one hundred 

year storm. The initial lateral load resisting systems proposed for the 

building consisted in five X-braced systems and two portal frames resist

ing the wind loading applied to the broad face of the building. The two 

exterior portals in the longitudinal direction were to resist the wind 

loading applied to the short face of the building. The wind loading for 

both faces, as well as the reactions at the base are included in section

d.,3. of appendix I.

Task Results

After completion of my assignment, I provided the reactions at the 

base of the building to the team working on the platform, and I also re

viewed the typical floor design with the engineer in charge of the project, 

this had been executed to his satisfaction.

The specific objectives set for this assignment were fully attained;

I produced a complete design of the floor system as well as provided the 

input, in the form of the applied loads, to the design of the platform.

Comments

The critical element of this job was certainly the supporting plat

form, since the project depended on its feasibility. Once the platform 

had been geometrically modeled and analyzed for the applied loads, it 

became apparent that the member sizes required were too large. Our re

sults were submitted to the client and I never heard of the project again.

Review

This project was probably the most unusual one in which I ever partic

ipated. From the initial stages I realized that even if we could devise



a feasible structure to support the twenty-four - story building, the 

problems to be encountered in the area of soil mechanics and foundations 

would have been great; nevertheless it was a great challenge.

To perform this assignment, I utilized basic knowledge obtained from 

courses in structural analysis and in design of steel structures.

This assignment greatly contributed to my development and understand

ing of office practices as concerned with practical design and record

keeping of design notes. The contribution of it to the fulfillment of the 

objectives of the internship is mainly in what is concerned with my prac

tical contribution to the firm's interests, and to the interaction devel

oped with peers while working as a team.



2. Basis for Final Design: THREE RIVERWAY 

Task Description

A Houston-based developer: John Hanson Investments, was planning to 

build a multistory office building for the Houston area which was to have 

architectural features very similar to the Allied Chemical building, an 

existing structure which he had also developed in the area. Our firm was 

to conduct a preliminary design for the new building.

The new building was planned to be twenty-one stories high and to have 

a hexagonal-shaped floor plan with a first-floor overall longitudinal di

mension of 273' with a width of 100' (see the floor plan sketches in sec

tion 1 of appendix II). The building had an unusual architectural feature 

consisting of a series of irregularly patterned stepped-in upper floors 

which made it necessary to provide a transfer system of load from axially 

loaded elements to flexural elements at those levels.

Due to the time limitations imposed by the client, the project was 

divided by Dr. Chi Wu, who was in charge of it, among two additional design 

engineers including me. The objective of my particular assignment was to 

perform the preliminary design of the lateral force resisting elements and 

of the transfer girders for both a structural steel scheme and a reinforced 

concrete scheme.

The difference of this preliminary design from the others in which I 

had worked, was that for this particular building the complete final design 

would follow immediately after a decision was made as to which scheme would 

be appropriate. The preliminary sizes would then be used as an input to a 

refined analysis and design process.



Task Planning

In addition to a thorough review of the architectural requirements 

which by far were the most complex of all the buildings I worked on during 

ir\y internship, the major item requiring sound judgement and planning was 

related to the distribution of wind loading among the resisting elements. 

The wind loading considered for this building was a 100-year storm as pro

vided for by the ANSI (American National Standards Institute) code. To 

give an idea of the complexity of the resisting system, I am including in 

section 2 of appendix II, elevations of each of the rigid frames, numbered 

with reference to the previously presented floor plan sketches, which in 

conjunction with the shear walls (in the reinforced concrete scheme) or the 

k-braces (in the structural steel scheme) were providing the lateral resis

tance.

Task Execution

After I thoroughly reviewed, with the valuable input of Dr. Wu, the 

structural problem posed both by the shear wall-frame interaction, or the 

k-brace-frame interaction, and by the geometry of the frames themselves, we 

came to an agreement as to the wind load distribution. The procedure to be 

followed was simply to assign percentages of loading according to the rela

tive stiffness of the frames and walls. The distribution of load between 

the bracing system and the frames was done arbitrarily by intuition and 

judgement and the distribution of loading among the frames themselves was 

done according to an approximate portal analysis-type stiffness distribu

tion. It is of interest to mention at this point that, when the complete 

final design was done by using a sophisticated three dimensional computer 

analysis, our intuitive base shear distribution came within 10% of the so



called "exact" results. .

Once the lateral loading was established for this preliminary stage,

I proceeded to perform a portal analysis of the frames and a design of the 

members in both schemes. I also designed the transfer girder system which 

basically consisted in one and two span girders carrying a concentrated 

load due to a column at a stepped-in floor.

When working on the structural steel scheme, due to its relative flex

ibility, I considered the effect of drift due to the wind loading. The 

application of the method proposed by F. Cheong-Siat-Moy, "Stiffness Design 

of Unbraced Frames", Engineering Journal/American Institute of Steel Cons

truction, First Quarter 1976, was of great assistance. The method was ca

pable of providing rapid means for modifying member sizes meeting pre-se- 

lected story defection constraints which made it a valuable practical de

sign aid. Also of interest to mention here is the fact that, about two 

months later, while attending an American Institute of Steel Construction 

Seminar (see section IV, "Other Professional Development Activities", of 

this report) this particular procedure was very much highlighted as a very 

recent design aid for the practicing structural consultant; needless to say, 

I felt very satisfied of just having applied it.

Task Results

After the completion of the design and drafting of the preliminary 

schemes, the task force working on the project met and discussed the re

sults obtained; these results embodied in the drawings were to the satis

faction of the group leader. Our preliminary drawings as presented to the 

client for both the structural steel scheme and the reinforced concrete 

scheme are presented in section 3 of appendix II.



The objectives set for this assignment were fully accomplished; I 

contributed with my technical knowledge to the preliminary solution of a 

relatively complex problem. The analysis and design performed was done 

within the time limitations imposed by the client.

Conroents

The information provided in our preliminary drawings was conveyed to 

the client, who in conjunction with the contractor decided to proceed with 

the reinforced concrete scheme for the complete final design.

The response by the client was almost immediate, so that I was as

signed to work on the complete final design of this building right after 

the completion of the preliminary proposal. I cover my involvement in that 

stage of design in section III C; "Design of Special Structural Systems in 

Major Buildings", of this report.

Revi ew

I had acquired most of the technical knowledge required to conduct 

this assignment in advanced structural analysis courses and in basic rein

forced concrete and structural steel design courses. The input provided 

by Dr. Wu was extremely valuable in carrying-on the assignment, both when 

advising as to practical methods of structural analysis and when recom

mending to review appropriate and recent technical literature.

This assignment contributed greatly to the fulfillment of the intern

ship's objectives by providing me with the opportunity of making an iden

tifiable contribution to the firm's interests in a relatively complex prob

lem. This building certainly was an outstanding non-typical structure 

and as such, represented an interesting challenge which contributed to my



overall professional development. Since the task required a close team 

work, the interaction with peers in developing the project was of great 

value, this was reflected in the constant exchange of information among 

the team members.



B. Complete Structural Design of Buildings

Within the framework of the general flow diagram describing the struc

tural analysis and design sequence, presented earlier in the preliminary 

design section of this report, the complete design of a structure is like

ly to involve the following stages*:

1. Establishing the general layout to fit the functional requirements 

of the structure ,

2. Consideration of the several possible solutions that may satisfy 

the functional requirements,

3. Preliminary structural design of the various possible solutions,

4. Selection of the most satisfactory solution, and

5. Detailed structural design of the most satisfactory solution.

The final product of the detailed structural design is the complete

set of constructive drawings which are to be utilized in the actual con

struction of the building. These drawings represent the source by which 

consulting engineers convey information to the contractor who will build 

the building. In preparing drawings, including framing plans and details, 

the preparation of structural details are very much the function of the 

engineer who must be aware of construction practices in order to perform 

an efficient job.

For inclusion in this section, I chose two representative projects:

a. Science & Mathematics Center/Junior College - COMMONS BUILDING

b. SMITH PARK PAVILION

* From: "Elementary Structural Analysis" by C.H. Norris and J.B. Wilbur, 
McGraw-Hill Book Co., 1960.



a. Science & Mathematics Center/Junior College - COMMONS BUILDING 

Task Description

In the decade of the 70's the construction industry of the free world 

experienced an involvement in projects of unparalleled scale in the Middle 

East. Within a major plan to gain self-reliance, based on ambitious pro

grams of development where education was to play an important role, the 

kingdom of Saudi Arabia launched a program to develop large educational 

facilities. In 1976, the Houston-based architectural firm of James M.

Sink Associates was contracted by the government of Saudi Arabia to pro

vide programming and design services, in the creation of a Science and 

Mathematics College to be located in the city of Riyadh.

Walter P. Moore & Associates was contacted by J.M. Sink Associates to 

provide the civil and structural engineering services for such a facility. 

The project was divided into two phases, the initial phase would provide 

facilities for 3500 students with a second phase increasing the facilities 

to service 6500 students. Our firm was to provide the complete contract 

drawings for phase 1 effective immediately while phase 2 drawings would be 

done at a later time. The initial phase of the project was to provide 

1.5 million square feet of construction with the capability for expansion 

to 2.2 million square feet; the phase 1 development plan is included in 

section a.i. of appendix III.

The facilities to be built were organized into four categories: aca

demic, academic support, housing and campus support. The housing category 

was subdivided into married student housing and single student housing. 

Initially, two neighborhoods accommodating a total of 1008 single students 

were to be built. Each neighborhood consisted of seven halls for 72 stu

dents and a one-story Commons building containing all facilities shared by



the halls. The single student housing site plan is also included in sec

tion a.i. of appendix III.

I was assigned the task of performing the complete structural design, 

detailing, and drafting of the Commons building which was to be used re

petitively. The Commons building locations are highlighted in the single 

student housing site plan.

The objective set for this task was to provide complete contract 

drawings reflecting the structural design for the Commons building within 

the time limitations imposed by the deadlines set by the client.

Task Planning

Of all the projects in which I was involved during my internship, 

this particular one required the maximum amount of time in the planning 

stage. I subdivided this stage into three broad phases (1) acquaintance 

with the conditions prevalent in Saudi Arabia, (2) acquaintance with the 

overall project, and (3) acquaintance and impact of the particular archi

tectural requirements for the building I was in charge.

Among the information relevant to construction obtained about the 

conditions prevalent in Saudi Arabia, the following were of interest: the 

great majority of construction materials were imported; labor was scarce 

and it was necessary to import laoor; ports were so overcrowded that a 1 

year duration in line for cargo ships was very common; potable water was a 

scarce commodity, a gallon of water would sell much higher than a gallon 

of gasoline; temperature changes of over 100 F in a short period of time 

made it one of the most inclement environments for construction.

The most outstanding features to consider in the planning of this 

task with respect to the overall project were: the use of metric dimen-



sioning and reinforcing steel bar sizes, and the standarization and coor

dination of design specifications and drawings. The coordination was han

dled rather well by Mr. Lee Jones, the group leader in charge of the over

all project; the group held weekly meetings where general information 

about the project were discussed. All the written communication occurring 

with the architect's office was kept available to the group's staff.

As far as the Commons building itself, this was a one-story building 

with three areas having different roof elevations, and with plan dimen

sions of roughly 140' x 180'. The information available from the archi

tect at the initial stages was still of a preliminary nature; in fact, I 

started to work on the building with only a preliminary architectural 

floor plan. Information pertaining to loading and code provisions, and to 

the structural systems to be utilized, were the items that I investigated 

in this planning stage.

Task Execution

From the preliminary architectural floor plan, I initially prepared 

a structural layout for the roof in the form of a roof framing plan.

Through almost daily telephone communication, I kept in touch with the 

architect in charge of the Commons building, with whom I would exchange 

information. Through this process, and by timely exchange of working 

drawings we were able to complete the design of the building and to meet 

the deadlines set for the preliminary reproduction and review of the draw

ings. The final architectural plan with building sections is included 

also in section a.i. of appendix III.

The structural system which I designed, consisted in pretensioned pre

cast concrete elements and one-way slabs for the roof system, supported on



reinforced concrete walls and columns. The complete design calculations 

are presented in section a.2. of appendix III.

Task Results

After completion of the design and drafting for the Commons building 

which I did slightly ahead of schedule, I helped out other engineers with

in the group, who were also working on the Saudi project, both in the 

design of structural elements and in preparing structural element's 

schedules.

While the project was sent out for reproduction, I was transfered to 

group No. 1 where I remained the rest of my internship. When the full set 

of drawings were returned to the office for revision, I was temporarily 

transfered back to my original group to make the appropriate changes; this 

step proved very useful since my supervisor provided great input with re

spect to improving and correcting my structural details.

Once all the drawings were in a final form, they were submitted to 

the architect's office who provided them to the Saudi government for bid

ding.

The objectives set for this assignment were fully accomplished; I 

produced a complete set of contract drawings which were the product of a 

detailed structural design. In addition, I contributed towards meeting 

the deadlines imposed by the firm's client by helping out in the design 

and draft of various other buildings within the overall project.

Copies of the complete contract drawings with some of the structural

details as submitted to the client are included in section a.3. of appen

dix IV.

Comments

All of the information which I provided to the client through the



contract drawings was a result of careful structural design. These draw

ings were to be used in the bidding and in the construction process, which 

made them very important.

In my particular assignment, I had enough time to carry it out, but 

it was apparent to me that with the overall project the deadline was very 

restrictive; in order to get the project on time large amounts of over

time were necessary from the group's staff.

Review

While working on this project, I had the great opportunity of getting 

a first-hand look at the so publiziced large projects being developed in 

the Middle East, and I also had the opportunity of reviewing the condi

tions prevalent in that area of the world where the largest engineering 

projects of modern times are being executed.

I had obtained the technical knowledge required to complete my as

signment in basic reinforced and prestressed concrete courses; the orga

nization and coordination required to develop the complete structural 

drawings were a matter of experience which I had acquired through my pre

vious work at Walter P. Moore. In developing structural details, common 

sense and consulting with more experienced engineers within the group 

proved very useful; in school, little attention is given to structural de

tailing, I believe that greater emphasis should be given to this impor

tant area.

The contribution of this assignment to the fulfillment of the intern

ship's objectives is as follows: 1. I was fully responsible for carrying 

out the complete design of the building, from the initial preliminary 

phase to the production of complete structural drawings within a time



limitation imposed by a deadline, 2. I was in direct contact with the 

architect in charge of the design of the Commons building, with whom I 

developed a great professional relationship, 3. the overall task was by 

all means a group effort, the interaction with peers proved very rewarding 

as well as the interaction with the group leader, 4. the exposure to such 

a task, especially in that area of the world gave me a great insight into 

the execution of a large and complex project. All in all, the involvement 

in this particular project gave me exposure to the organizational approach 

to problems in the "real world". My contribution to the firm's interests 

was certainly a major part of this task.



b. SMITH PARK PAVILION 

Task Description

This project consisted in designing, detailing, and drafting a struc

ture for a pavilion to be erected in the city of Jacinto, Texas; our cli

ent, the architecture firm in charge of the project, was The Architecture 

Company from Houston.

The pavilion was a very simple open facility consisting of a 40' x 

102' flat roof supported on concrete-encased steel columns, and of a 90' 

x 94' concrete slab on grade. The roof structure consisted in steel joists 

supported on steel joist girders.

The objective to be accomplished in this project was to provide the 

complete contract drawings for the construction of the pavilion.

Task Planning

Since the execution of this project was to be of a straight forward 

nature, the amount of time spent in the planning of it was limited to the 

establishment of the loading conditions and to gathering information from 

the manufacturers of the joist girder systems.

The joist girders are open-web steel flexural elements that are shop- 

fabricated on a special order basis according to the special loading con

ditions of each particular job, and that meet the specifications of the 

American Institute of Steel Construction. They are normally used when 

long spans are to be cleared in buildings, which was the reason for using 

them in this job, where a span of 90' had to be cleared.

Task Execution

After establishing the loading conditions for the roof structure, I 

analyzed and designed it. During the design process, I was in contact with



the architect who requested several alternatives for the column design; 

mainly to check the use of concrete-encased steel sections as opposed to an 

only-steel section alternative.

When the design of the elements was completed, I proceeded to perform 

a detailed design of the connections and to write the structural specifi

cations pertaining to the job. Once this was completed, I proceeded to 

perform the complete drafting of the contract drawings.

Task Results

When the drawings were completed, I met with my supervisor to whom I 

explained the procedure followed in the execution of the project; after 

his review I sent out the copies of our plans to the architect's office. 

Copies of those drawings are enclosed in section b of appendix III.

The objective set for this task was fully accomplished; I had com

pleted the project, which was under my responsibility, and had sent out the 

contract drawings within the architect's time frame.

Comments

The structural drawings conveyed to the client represented the com

plete contract plans to be utilized in the construction of the facility. 

This certainly is the objective of the structural design process; its end 

result being the drawings from which the building is actually constructed.

Immediately after I had finished working on this project, our firm 

was contacted to do the design for another facility very similar to this 

one: Irvington Park Pavilion, I was assigned the project in my last day 

at the office, before returning to school, and that same day I completed 

the design of it.



Revi ew

The knowledge required to design the structural members and the con

nections was obtained in basic structural steel courses.

Even though the execution of this project was straight forward, it 

contributed to the fulfillment of the internship's objectives due to the 

fact that I was fully responsible for it, no matter how small, and worked 

on it from start to finish being in direct contact with the architect.



C. Design of Special Structural Systems in Major Buildings

The design of buildings in today's competitive world has been greatly 

accelerated due to the time limitations imposed by investors seeking to 

maximize their returns. Through my involvement in the actual practice of 

consulting structural engineering at Walter P. Moore & Associates, I ex

perienced this situation on a first-hand basis. Structures which normally 

could be designed by one engineer had to be broken down into different de

sign tasks and several engineers would be responsible for each task. This 

section of my report is a reflection of this trend, where I describe my 

involvement in the design of important structural systems within the over

all structure of a building.

As representative of this type of task, I have chosen the Three 

Riverway project.

THREE RIVERWAY 

Task Description

Our firm had submitted a preliminary structural design proposal on a 

twenty-one story building planned for the Houston area; I had participated 

in that phase of the design, (refer to section III A.2. of this report), 

and now that the decision had been made by the developer to proceed with a 

final design, I was assigned to work with the team who was to perform that 

task.

In the preliminary proposal, we had presented two alternatives: a 

structural steel scheme and a reinforced concrete scheme. The reinforced 

concrete scheme consisting in a one-way joist floor system was chosen by 

the developer for the actual construction of the building. Some minor



architectural changes had been made to the originally proposed building, 

including a reduction in the number of stories from twenty-one to twenty.

The analysis to be done at this stage in the design process was to be 

performed by modeling the structure and carrying out a computer-aided anal

ysis of lateral forces by using a commercially available computer program. 

Due to the complexity of the building it was decided to use a three-dimen

sional computer model. Dr. Chi Wu, who was in charge of the structural 

team that was to work on this project, divided it into several well de

fined tasks.

I was resoponsible for the complete design of the wind-resisting rig

id frames, also I was to provide the input of member sizes to the model 

and was responsible for the revision of the computer model and output. My 

objective was to do this within the short time-frame available.

Task Planning

With the time limitations imposed by the client; we were to supply 

the complete set of final drawings in one month, the planning of my par

ticular assignment was performed on a continuous basis. My particular 

task was clearly divided into an analysis phase and a design phase, the 

work in both phases was very much interrelated with the work being done by 

the rest of the team. The first step in the planning process was a thor

ough review of the new architectural requirements and their impact on the 

structure.

From these requirements, we established the column locations through

out the height of the building; a plan presenting the column locations is 

included in section 1. of appendix IV, the architectural elevations of 

the building are also enclosed in that section.



The next step in the planning of this task was the establishment of 

the basic assumptions to be made in the generation of the model; namely the 

floor behavior which we agreed to be rigid in its plane, the establishment 

of support conditions, and of the loading conditions. The wind loading con

ditions and the computer-generated geometric display of the modeled struc

ture is presented in section 2. of appendix IV.

Once the analysis phase was completed, the next step in the planning 

process was to prepare the design procedure to be followed. In order to 

produce systematic design notes, which were necessary due to the large 

number of elements to be designed, I devised a simple standard format for 

the design of the beams. This standard format is presented in section 3. 

of appendix IV.

Task Execution

The actual task of modeling the structure was done by using the com

mercially available "ECES 2" computer program being marketed by the Mc

Donnell Douglas Automation company; this task was carried out by a member 

of the design team who towards the end of the modeling process was trans

fered to another project leaving me with the task of making some minor 

adjustments, and doing the complete revision of the output. In carrying 

out the adjustments to the model, I made several trips to the McDonnell 

Douglas office in downtown Houston, since our office terminal was not tied- 

in with their system.

The revision of the output consisted mainly in checking floor dis

placements at selected locations and loading conditions and verifying the 

modeled behavior, and of checking the base shears and comparing them to 

the applied loading. The lateral deformation behavior expected, consisted



mainly in a cantilevered beam-type deflection accounting for the strong 

contribution of the shear walls in resisting the wind load acting on the 

broad face, and in a shear-type deformation accounting for the strong con

tribution of the frames in resisting the wind load acting on the narrow 

face. A copy of the relevant revisions performed is included in section

4. of appendix IV.

After the completion of the analysis phase, including the revision of 

the computer output, I proceeded with the design phase which was of a 

straight-forward nature, but extremely lengthy (only the wind beams num

bered over 400). At this stage, due to the time limitations, the column 

design was carried-out by another member of the team while I completed the 

design of the wind beams and their detailing and scheduling. The general 

design information for the wind beams is presented in section 5. of appen

dix IV;

An important aspect of the project execution which was of a non-tech- 

nical nature was related to the production of the complete set of drawings. 

Due to the ever-binding time limitations, the design team worked large 

amounts of overtime, which was certainly to be expected from the engineers; 

but the crucial point was in using the personal relationships developed 

with the draftpersons working on the project, in order to have them work

ing also iong hours of overtime and complete the project in time.

Task Results

After the completion of the task, I met with Dr. Wu and discussed the 

results obtained, which were to his satisfaction. Our set of drawings was 

submitted to the client right on schedule. Copies of some of the relevant 

floor framing plans and of the beam schedules as presented to the client



are enclosed in section 6. of appendix IV.

The objectives set for this assignment were accomplished; I contrib

uted with my technical training to the completion of a major project within 

the time limitation.

Comments

Our complete set of drawings was sent out to the architect's office 

for revision and for use by the contractor. After this, I was assigned to 

a new project and when the revisions were to be made, I was already back 

in school.

As of today, the Three Riverway building is under construction. The 

experienced gained in my involvement in its design was very rewarding.

Revi ew

I had obtained the technical knowledge required to conduct this as

signment in structural analysis courses and in basic reinforced concrete 

design. The interaction with the engineers in the design team was very 

valuable in the execution of my task and in gaining insight into the prob

lems encountered by them in their particular assignments.

This task contributed greatly to the fulfillment of the objectives of 

the internship by allowing me to contribute, with my technical knowledge, 

to the solution of a practical problem for the firm. Also of great rele

vance was my interaction with both the engineers and draftpersons within 

the design team; with the engineers, by acquiring experience through their 

involvement in the project and with the draftpersons, by developing 

friendly relationships which in tight deadline situations were very useful 

and could count on their assistance in meeting the deadlines.



D. Field Inspection 

CARRIAGE PARK APARTMENT COMPLEX 

Task Description

Walter P. Moore & Associates was contacted by a Chicago-based com

pany, requesting information concerning the integrity of an existing apart

ment complex located in the south-east area of Houston. Our firm was to 

be responsible for a complete survey of the apartment complex, including 

all building systems and site evaluation.

Since our firm was acting as the Prime Professional in this job, and 

our responsibility was to perform a complete survey of the complex, the 

services of two outside consultants were employed to inspect all of the 

complex's systems, with the exception of the structural systems which we 

had the capability of inspecting. Jochen & Henderson, Inc. was contracted 

to inspect the plumbing, electrical, and mechanical systems, while Stewart 

Construction Consultants, Inc. were contracted to conduct a survey of the 

site condition and site structures, special purpose buildings, building 

exteriors and building interiors.

I was assigned the job of performing the structural inspection of the 

buildings in the complex, and to report back to Mr. Terry Shipman, a re

gistered professional engineer who was my immediate supervisor at that 

time. The two consultants that our firm had contracted were to report 

also to him.

The objective of the task entrusted to me, was to perform an inspec

tion of the structural systems of the existing buildings in the apartment 

complex and to prepare a report on my findings. The on-site coordination 

with the representatives of the outside consultants was under my responsi

bility, and was an important item in the attainment of the task objective.



Task Planning

Having had some experience in structural supervision, and in the eva

luation of earthquake-damaged buildings in Nicaragua, Central America; I 

felt well prepared to carry-on the assignment, even though I realized that 

the construction practice I would be facing would be quite different.

Upon request, I was furnished with a site plan of the apartment com

plex; from it I could determine the size of the complex which was rela

tively large. Since no additional plans were available I realized I would 

have to relay mainly on my field observations.

Since the apartment complex was currently in operation, the inspec

tion of building interiors was the item that required coordination both 

with the representatives of our two consultants and with the manager of 

the complex, as to minimize discomfort to the tenants. In our first meet

ing conducted at the premises, we decided to concurrently perform the in

spection of building interiors as the first step in our survey, so that 

afterwards each inspector could proceed independently. At that time we 

decided to inspect a representative sample of building interiors which we 

agreed to be around 10 %.

Task Execution

The apartment complex had a total of 25 buildings, consisting of 22 

two-story apartment buildings, 1 three-story apartment building, and 2 

one-story mechanical equipment buildings. After the team-inspection of 

the randomly selected building interiors, I proceeded on my own with the 

inspection of all building exteriors. Typically all exterior walls at 

ground level were found to be brick veneer and the second level exteriors 

were of wood construction.



I was mainly concerned with establishing apparent building distor

tions and patterns of wall cracking; I found no evidence of structural 

damage.

Task Results

The objective of this task was fully attained: the survey was con

ducted with minimum discomfort to tenants, which was due mainly to the on

site coordination with the complex's manager and the firm's consultants' 

representatives. The task was performed in a minimum amount of time, an 

important consideration in all projects.

While no evidence of structural damage was found, the major problems 

observed were wall cracking at ground level and corrosion of metal compo

nents. My complete findings are embodied in the report I prepared for my 

supervisor, which is enclosed in appendix V.

Upon submission of my report to Mr. Terry Shipman, we discussed the 

reasons and consequences of my findings. We reviewed my report and made 

a step-by-step analysis of the items listed; from this analysis, explana

tions for the problems observed were formulated. Wall cracking was deter

mined to be caused both by temperature stresses and by the presence of 

expansive clays, a prevalent soil condition in the Houston area. The cor

rosion of metal components in the buildings was most likely caused by the 

proximity of the complex to the Houston ship channel, an area where air 

pollution is rather concentrated. After our discussion, a final report 

was produced and directed to the firm's client; a copy of this is also in

cluded in appendix V.



Comments

Among the services that a consulting structural engineering firm is 

capable of performing, that one of inspection and evaluation of buildings 

is an important one. The opinion of a structural engineer with respect to 

the soundness of an existing structure will influence the decision of a 

potential investor considering its purchase. In this particular case, 

after the inspection was conducted and the complete reports were submitted 

to the client, we found out that the Chicago-based company had proceeded 

with the purchase of the apartment complex.

Review

The task of inspecting the apartment complex was particularly inter

esting since this type of project was not a common one considering that 

the firm was acting as the prime professional in charge.

Personally it was of interest to get acquainted with the type of con

struction widely used in the area for low-rise buildings, namely the use 

of brick veneer and wood framing. The review with Mr. Shipman of my ob

servations embodied in the report presented to him, proved very rewarding 

since the causes of the majority of the problems observed were mainly due 

to prevalent special conditions in the Houston area.

The main contribution of this task to the attainment of the intern

ship objectives, was twofold: the interaction with the consultlants hired 

by our firm, and the public relation involvement which was an important 

feature of the task. The knowledge required to perform this task was not 

obtained from classroom lectures, it was obtained through previous experi

ence both in supervision of construction and in general personal interac

tion.



E. Structural Additions and Remodeling of Existing Buildings

While large and complex buildings attract the attention of all people 

involved in their planning and design, very simple additions and remodeling 

of existing buildings are a fact of life for the practicing structural con

sultant and consequently deserve attention.

During the period of time in which I worked at Walter P. Moore & Assoc, 

I had the opportunity of working in numerous additions and remodeling of 

existing buildings. These type of projects were very small and their co

verage in this report will vary in format.from all of the ones presented in 

previous sections.

The different projects in which I worked involved the following tasks: 

strengthening existing floor structures, eliminating and adding walls, mod

ifying grade beams and foundations, and providing the structure required 

by mechanical additions. All of these projects required the examination 

of the drawings available for the existing building and extracting the 

necessary information from it.

As an example of this, I will mention a project in which I was to pro

vide the structure required by mechanical additions to be made in one of 

the floors of the One Houston Center building in downtown Houston. The 

structure required consisted in the framing for two "catwalks" to be locat

ed in the mechanical area of a floor system. From the mechanical drawings 

submitted to our office, I identified the location of the addition and pro

ceeded to revise the plans of the existing structure. From these, I was 

able to locate existing members to be used as supports for the addition. A 

copy of my final drawing with the pertinent details as presented to the 

client is included in section 1. of appendix VI.

From my involvement in these small projects, I gained some insight in



to the problem of working with existing buildings such as dependence in 

field measurements for dimensioning, revision of old drawings, and most im

portant, the precautions that should be taken when welding to existing 

stressed elements. To this effect, I sent a memorandum to Mr. Zimmerman 

concerning this matter; a copy of it is presented in section 2. of appen

dix VI, as well as the response I got which is self explanatory.

As can be seen, there are lessons to be learned even from the smallest 

project. The contribution of my involvement in this type of project to the 

internship's objectives is related not so much as to my contribution to the 

firm's interest, but mostly towards the insight gained from exposure to a 

practical problem.



F. Revision of Design and Shop Drawings

Additional tasks that a consulting structural engineer routinely per

forms are:revision of design done by other engineers, both outside the 

firm or within the firm; and the revision of shop drawings.

Due to the simple nature of these tasks, their coverage will be simi

lar in format to the coverage previously presented for the topic of sec

tion III E. in this report.

The revision of design performed by others, outside of the consulting 

engineering firm occurs in many cases involving the use of precast con

crete elements in buildings. These elements are normally designed by the 

precast supplier whom after designing the elements and connections, sub

mitts his drawings and design notes to the consulting structural engineer 

in charge of the overall structural design, for their revision and ap

proval .

Shop drawings are prepared and used by the contractor as instruments 

to sequence his work and to facilitate fabrication and erection. These 

drawings are done by the contractor from the structural drawings prepared 

by the consulting structural engineer. After preparing the shop drawings, 

the contractor submitts them back to the structural engineer for their re

vision. As to their approval, it is of interest to quote the ASCE - Man

uals and Reports on Engineering Practice - No. 45, "Consulting Engineering, 

a Guide for the Engagement of Engineering Services": "Their approval 

(of the shop drawings) by the Consulting Structural Engineer is not to be 

construed as a waiver of construction contract requirements or responsibil

ities unless the contractor has requested a deviation from the contract 

documents in writing".

I was involved in a project where I had to revise both the design and



the shop drawings for a garage structure with a precast concrete system.

The building in case was a two-story parking garage facility to be con

structed inGreenspoint plaza, Houston. A copy of a working drawing pre

senting the framing plan and sections is enclosed in section 1 of appendix 

VII. The objective of the revision of shop drawings is to verify their 

general conformance with structural requirements and this was my objective 

in revising these particular ones. My general comments on this revision 

are enclosed in section 1 of appendix VII. I made a basic revision of the 

main precast prestressed elements and found them satisfactory, a copy of 

the revision of the prestressed double tees is also included in section 1 

of appendix VII.

The contribution of my involvement in this type of task to the intern

ship's objectives is basically related to the insight gained from my ex

posure to the way contractors, who after all, are the ones who have the 

field experience in construction, envision how to "put the building toget

her".



IV. Other Professional Development Activities

What I have termed as "Other Professional Development Activities", en

compass those activities in which I was involved during the period of time 

covered by my internship, but outside of the firm's assignment; that is, 

professional-related activities in which I was involved on my spare time.

The membership in professional societies is of great importance in the 

development of a professional engineer; during my internship, I became a 

member of the following societies: American Society of Civil Engineers, 

American Concrete Institute, and the Nicaraguan Association of Engineers 

and Architects. In Nicaragua, the degree of Civil Engineer is a profession

al degree; having gone directly after graduation into graduate school in the 

United States, I had not been able to register as such, but while on vaca

tion from the office, I became a registered engineer in Nicaragua.

In addition to the above mentioned involvements, I have considered for 

inclusion with greater detail in this report two additional professional 

development actitities: 1. A seminar on earthquake damage which I con

ducted at the office,and 2. Attendance to a continuing education seminar on 

steel structures which was conducted by the American Institute of Steel 

Construction.

A. Earthquake Seminar

The creation at the office of informal in-house seminars; "sack-1unch" 

seminars, conducted in large by the firm's staff, gave me the opportunity, 

not only to share in the technical experiences and interests of the various 

engineers working for the firm, but also I contributed to the in-house se

minar program by conducting one myself.

Having been involved in earthquake-resistant structural design and 

inspection in Nicaragua, Central America, after the December 1972, Managua



earthquake, I had interesting information on the subject. The main body 

of the seminar I conducted, consisted of a slide presentation on some as

pects of the structural damage caused by the earthquake. The photographs 

presented were taken during a survey of damage performed by a team of engi

neers in January 1973.* I participated as a guide in the team's survey; at 

the time I was a third-year student of Civil Engineering. Since then, I 

had had the opportunity to review the vast literature available on the Ma

nagua earthquake, and had developed explanations concerning of the damage 

shown in the photographs.

For inclusion in this report, I have reduced the number of photographs 

from the ones actually presented in the seminar; close to 150 slides were 

shown then, only some of the relevant slides are included in this report. 

Excerpts of the presentation with the photographs are included in this sec

tion's appendix.

This presentation to the firm's engineers represented a positive con

tribution to fulfilling my internship's objectives, not only in providing 

some insight into seismic problems to my peers, but also it gave me the 

opportunity to make a semi-formal presentation in a non-academic environ

ment.

B. AISC Seminar

Towards the end of my internship, the American Institute of Steel Con

struction sponsered a seminar consisting of a 2-day lecture series on prac

tical steel design for buildings from 2 to 20 stories. Since at the time 

when the seminar was offered in Houston I was heavily involved in the com

pletion of a project at the office and didn't have the spare time, I decid-

* The photographs were furnished to me by Mr. Felipe Arguello, the engi
neer heading the survey team.



ed to attend the one offered in the Dallas - Fort Worth area offered at a 

convenient date.

The lectures in the seminar included topics such as braced and un

braced frame design, floor systems, fire protection, earthquake design, 

special framing systems, and high strength bolting. It was of interest to 

note that in the unbraced frame design lecture, the speaker highlighted two 

very recent methods developed in the adjustment for drift control, one of 

which I had just applied at the office in my last project there.

Upon completion of the lecture series, a certificate of completion 

with 0.9 continuing education units was awarded to all participants; a copy 

of my certificate is also included in the appendix to this section.

Attendance to this seminar contributed to the fulfillment of the in

ternship's objectives, mainly because of the exposure it gave me to state- 

of-the-art in steel design of buildings as viewed by outstanding practicing 

engineers; it certainly contributed towards my professional development.



V. Conclusion

During my internship at Walter P. Moore & Associates, Consulting Engi

neers, I fulfilled the objectives of the Doctor of Engineering program. 

These objectives are:

To enable the student to demonstrate his ability to apply his 
knowledge and technical training by making an identifiable 
contribution in an area of practical concern to the organiza
tion or industry in which the internship is served, and

To enable the student to function in a non-academic environ
ment in a position where he will become aware of the organi
zational approach to problems in addition to traditional en
gineering design or analysis. These may include, but are not 
limited to, problems of management, labor relations, public 
relations, environmental protection or economics.

My involvement in fifty projects which covered a wide range of the 

services performed by a consulting structural engineer, allowed me to dem

onstrate my ability in applying my knowledge and technical training,espe

cially when I dealt with complex structures such as the one involved in the 

Three Riverway project. Also, In several occasions, I had the responsibil

ity of executing a project from the initial conception by the architect to 

the completion of full contract drawings as was the case in the Commons 

Building for the Science and Mathematics Center to be constructed in Saudi 

Arabia. All in all, no matter how simple a project, I made identifiable 

contributions to the area of practical concern of the firm.

While performing the technical tasks assigned, I was very much func

tioning in a non-academic environment. Through my involvement with project 

architects, with peers and supervisors, and with draftpersons working for 

me in some projects, I became very much aware of the organizational ap

proach to problems.

The time limitations imposed on the consulting structural engineer,



which are a reflection of the fast-pace of the construction industry these 

days and which mainly originate from the investor's economic constraints, 

was a major non-academic experience to which I was thoroughly exposed. As 

a direct consequence of this, the search for short-cut methods in the anal

ysis and design of structures as well as the use of judgement and intu

ition, based on academic knowledge, in order to meet the deadlines, was an 

important feature of my internship.

In addition to the above mentioned, my involvement in activities such 

as the earthquake seminar, greatly contributed towards my professional de

velopment, an implied objective of the internship.



APPENDIX I 

Feasibility and Pricing

WEST LOOP OFFICE BUILDING

1. Typical floor sketch

2. Design calculations

3. Preliminary structural proposal

4. "Hambro" composite floor system 

BAY DESIGN GARAGE

1. "Posten" computer input sheets

2. Postensioned concrete joist scheme

3. Reinforced concrete joist scheme 

BLOCK 130, HOUSTON CENTER

1. Typical floor plan

2. Design calculations 

TEN-TEN GARAGE INVESTIGATION

1. Sketch of proposed system

2. Floor framing and calculations

3. Wind reactions



a.i. Typical floor sketch

\





a.2. Design calculations
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Preliminary structural proposal
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"Hambro" composite floor system



□ NO STEEL DECK
Thus eliminating the source of 
vibration and noise transmission

□ NO BRIDGING
Thus eliminating a continuous 
connection, a major source of 
sound and vibration transmission

□ NO ON-SITE WELDING

□ NO HiGH-CHAiRS

TERMINOLOGY 

<TOP CHORD /"  CONCRETE SLAB

------MESM

bottom chord -

flotx BAB

Composite action with this system is ach ieved  autom atically along the entire length o f  
the Hambro top chord. Increased stiffness norm ally in the order o f three times greater 
than conventional joists and 1/3 the deflection.



"Posten" computer input sheets
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Postensioned concrete joist scheme
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Reinforced concrete joist scheme
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c.2. Design calculations
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d.2. Floor framing and calculations



WALT I-R P. MOORE & ASSOCIATES, INC. 
CONSULTING ENGINEERS 
2905 Sockett 
Houston, Texas 77006

job Name fe u -r ta  or.,wr,c j ,r / .
95

Archi.ec* m i u - j __________

rr/M

oej

O  q

G a

o<1

-a

-n

5? V<' ' ’ '

f  ’ 
S.

PC .

J ■■ --------- o<j ---- L J

-

Ifl \J

. . ° q .  . • -

X
rO

. .
T

o o

f 1

*0Vs
ft r r4

^  o •

Oo ..

5:

CO

n
T va

L J

. Q
£
v9r>. ^

« r>J
^  M

OQ

-f[ j °d

o a

*

OCJ

. rU!
<J

*

°a L

\r> vj

Oo

N °a

1-J---
? v
s -s .^ VJ

0<7 L

\nf

i  „ . w

Ot7

y jO i iy j

{ - r s i y Qp. * S7 At

jUJ

s r ""■“ H

■V -V

©

©

© V

©

>

©

2 '«

c i @

t£\ - o

©

$ Q

Job #

ry
pi

cA
L 

FL
oo

fc
 

p
l

a
ĵ
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d.3. Wind reactions
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APPENDIX II 

Basis for Final Design: THREE RIVERWAY

1. Typical floor plan sketches

2. Rigid frame elevations

3. Preliminary proposals
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2. Rigid frame elevations
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APPENDIX III 

Complete Structural Design of Buildings

a. Science and Mathematics Center/Junior College - COMMONS BUILDING

1. Development, site, and architectural plans

2. Design calculations

3. Structural drawings

b. SMITH PARK PAVILION: Structural drawings



a.i. Development, site, and architectural plans
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a.2. Design calculations
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1 : J___  "Tô qoc ’ . i- // 800 4t ->' (sl&oo-tf-'i

’A

■ 4  ■•!.....J- : ... !

. . . . i H -  f r :
/z-

i i
~r~.--i —

t i •< i i ....t _

L . : -c;. 4 t ~ -  j.̂ .y.:....(io"Cy)44444)• • . ,nl

111 t;
i

__!___' '’Jj'u. - | -*. -yf>0 SS:.!~ - ' 2hl &  >  r i7^
( o.S^j ̂ '40 1

i

/” /Pi -I

U ;' ! 973^6 I 7.̂> *51000 =̂ '
?f » 1 '

■ H  
_ :! i ! |

/ T- 1 r r

1 | I ] o.w,\->i,-n + - - — - l — -

i !• : ! ! : ! 1
_______ —  — . . .

t h . L  - 1 ^ ! I 12/40&O ' . cin̂ i >  z’Tfpii _ P-/  | ........... _ 4
— I 4. //..o A _

i ' C l  4
4 f + t e J * L
/•f | 257,

I j f  Ai— _.: 
. ~r>'  ̂C 1

; f ̂ TLT/ZSV1.

J 0

-’-4—

t .

iLa.it- S7-J 7--1---t-

- i 2 /IT'
y

J__ [ // f / % .  r\
• Tfccj /

./.t .l_2.fi V

v.̂  - - i 73 £v
_j__ ;_________|___} ’ __j__ 4 _L
To'4>--?,*t/‘L Pet̂ F*- Ĉ6l

/.2:4 f 4  <i A-aviWsg , t ,

: ! { I ! !

i M  L  " I T ]  
' ' ! I | i J L ! 

j ?  ■ - = ■ «

L
!

2 y/40.00 ' _\ 7?> 15/ p!

r
r

ft * O. *C i “T c/_
- - • z

H

'•/? hi f!r\

1 1

J__L . ’ML -- * 4^4n_,; A,)(
. 1  ♦ k  j i1 ; i «. 
sfx-v ) :* vn ' 5.5-- -*Tl 1 1 f I- / ■ - - .r-f -.+.--=r 1 Y> •• ' '̂ *4 e%̂ t : 

Ckl

a r* C +
/V, \

L/,,4 > A| ]
I 35 1 | 1 | ? f : | ;|

. |.. 1 _L_. ̂ ,r. .. . i :
» .a .it t»y
lose1 /.T 1 j

T T ~ *■ s 1 1 : j * ~
- - -- J .- 

, y ■ --- ... • - JU. ,« r ■ »!.r - ■ ' - - ‘ !
___ 1 — _i-- i __ . IL__^ 1 ;jLp ■:■■ ■■- . .( 1 ..i_ 1 !
! f ii,.-. lI H l 12 4-) 5 - _ o,,oi% S^m /4 î(! *
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SMITH PARK PAVILION: Structural drawings
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TYPICAL JOIST-GIRDER COA/MfCTlQtJ 

fkam£ 4\ e!si v

typical roof o p e n m g  d e t a il

52P01

5 2 POZ

T1PICAL COLUMN- GIRDER CONNECTION "M efi’.M -

52 o r

GENERAL MOTES

PESIGN LIVE LOADS

ROOF - 20 P.S.F.

CONCRETE
ALL CONCRETE SHALL TEST 2S00 POUNDS PER SQUARE INCH AT 28 DATS.

REINFORCING STEEL
ALL REINFORCING STEEL SHALL BE GRADE 60 (#2 AND #3 BARS AND ALL STIRRUPS AND TIES 

SHALL BE GRADE 40) AND SHALL CONFORM TO THE ASTM SPECIFICATION A615. DETAILING 
OF REINFORCING STEEL SHALL CONFORM TO THE AMERICAN CONCRETE INSTITUTE DETAILING 
MANUAL. PROVIDE l-#6 X A ' - O ' T  TOP AND BOTTOM IN EXTERIOR FACE OF GRADE BEAKS 
AT CORNERS.

WELDED WIRE FABRIC SHALL CONFORM TO ASTM SPECIFICATION A185.
PROVIDE STANDARD BAR CHAIRS AND SPACERS AT 5'-0“ CTRS. FOR ALL SLABS AND BEAMS 

ABOVE GRADE.
PROVIDE 3* X 6" X 20 GAUGE SHEET METAL BAR CHAIRS AT 4'-0‘ MAXIMUM CTRS. EACH WAT 

FOR ALL TOP REINFORCING FOR SLABS ON GRADE. DEPTH OF CHAIRS SHALL PROVIDE FOR 
1* TOP COVER TO REINFORCING.

LAP CONTINUOUS UNSCHEDULED REINFORCING BARS AS FOLLOWS: BOTTOM BARS III MEMBERS 
SUPPORTED BY COLUMNS OR FOOTINGS - 1 2 “ AT SUPPORTS ONLT; ALL OTHERS - 50 BAR 
DIAMETERS.

REINFORCING STEEL COVERAGE SHALL BE AS FOLLOWS:
COLUMNS - 1%“
GRADE BEAMS - 1%’ TOP. 3 ‘ BOTTOM, 2* SIDE'S 
FOOTINGS - 3*

STRUCTURAL STEEL
ALL STRUCTURAL STEEL SHALL CONFORM TO ASTM SPECIFICATION A-36. STRUCTURAL STEEL 

DETAILS AND CONNECTIONS SHALL CONFORM TO THE STANDARDS OF THE AISC. FIELD CON
NECTIONS SHALL BE EQUIVALENT TO STANDARD BOLTED CONNECTIONS USING 3/4" ASTM A307 
BOLTS UNLESS OTHERWISE SHOWN. IF CONNECTION BOLTS ARE IN SINGLE SHEAR, BOLTS 
SHALL BE PLACED IN TWO VERTICAL ROWS. CONNECTIONS SHALL BE BOLTED OR WELDED - 
SEE DETAILS. SPLICING OF STRUCTURAL STEEL MEMBERS IS PROHIBITED WITHOUT PRIOR 
APPROVAL OF THE ENGINEER AS TO LOCATION AND TYPE CF SPLICE TO BE MADE. ANT MEMBER 
HAVING SPLICE NOT SHOWN AND DETAILED ON SHOP DRAWINGS WILL BE REJECTED. ALL 
WELDING SHALL CONFORM TO THE AMERICAN WELDING SOCIETY CODE. WHEN CAMBER OF STEEL 
MEMBERS IS REQUIRED BY THE DRAWINGS, THE GENERAL CONTRACTOR SHALL VERIFY THE RE
QUIRED CAMBER IN THE FIELD PRIOR TO ERECTION OF EACH MEMBER.

EXPOSED FASCIA CONNECTIONS ARE TO BE WELDED AND ABRASIONS GROUND SMOOTH; ERECTION 
MATERIAL USED IN FIELD CONNECTIONS SHALL BE REMOVED, HOLES FILLED, AND ABRASIONS 
GROUND SMOOTH.

EXAMINE THE ARCHITECTURAL AND STRUCTURAL DRAWINGS FOR ALL 1TE«S REQUIRED TO BE HOT- 
DIP GALVANIZED AFTER FABRICATION.

STEEL JOISTS
OPEN WEB- STlEL JOISTS SHALL CONFORM TO THE STANDARDS ‘OF 'THE STEEL JOIST INSTITUTE. 

TOP CHORDS OF JOISTS SHALL BE ANGLES OR TEES. BRIDGING SHALL BE HORIZONTAL RODS 
IN ACCORDANCE WITH PARAGRAPH 5.4 OF THE STEEL JOIST INSTITUTE SPECIFICATIONS. 
BRIDGING SHALL BE CONTINUOUS THROUGH STRUCTURAL STEEL PURLINS AND ANCHORED TO 
SPANDREL MEMBERS. PROVIDE CEILING EXTENSIONS AT CONTACT CEILINGS - SEE ARCHITEC
TURAL DRAWINGS. JOISTS SHALL BE CAMBERED FOR DEAD LOAD.

JOISTS SHALL BE WELDED TO SUPPORTING STEEL MEMBERS.
PROVIDE FLAT BEARING FOR ALL JOISTS.

STEEL ROOF CONSTRUCTION
ROOF DEC* OVEfl STEEL JO I ST S SHALL b e A 2 ’ MINIMUM INSULATING f i l l  SLAB OF PERLITE
__OR VERHICULITE AGGREGATE CONCRETE CONSISTING OF A 1:6 MIX, HAVING A MAXIMUM

DENSITY OF 30 POUNDS PER CUBIC FOOT. ROOF DECK OVER STEEL JOISTS SHALL IE 
GALVANIZED, 26 GAUGE 1-5/16’ DEEP, MIN. SECTION MODUL'JS - 0.11 I N . 3 AND A 
MINIMUM YIELD STRENGTH OF 80,000 PSI. LAP ENDS OF DECK 2 ‘ AT SUPPORTS AND WELO 
TO SUPPORTS AT 12’ CTRS. TO CONFORM TO U.L. WIND UPLIFT CLASS 90. PROVIDE TEWT 
CLIPS AT MIO SPAN AT EACH SIDE LAP OF CORRUGATED METAL DECK UNLESS DECK IS PRE
VENTED.

MISCEILANEOUS
FOOTINGS SHAlL BE POURED IMMEDIATELY AFTER EXCAVATION.
GRADE BEAMS SHALL BE POURED ON WAX IMPREGNATED CORRUGATED FIBER CARTON FORMS (JAT- 

VOIDS AS MANUFACTURED BY THE LAWRENCE PAPER CO.). BEAM FORMS SHALL BE 4" DCEP. 
BEAM CARTON FORMS SHALL BE 2 ‘ LESS THAN BEAM WIDTH AND CENTERED UNDER BEAM.

SEE ARCHITECTURAL DRAWINGS FOR FLOOR.ELEVAT IONS, SLOPES. AND THE LOCATION OF 
DEPRESSED FLOOR AREAS.

THE CONTRACTOR SHALL COMPARE STRUCTURAL SECTIONS WITH ARCHITECTURAL SECTIONS ARC 
REPORT ANY DISCREPANCY TO THE ARCHITECT PRIOR TO FABRICATING OR INSTALLING 
STRUCTURAL MEMBERS.

REPRODUCTION NOTE
THE USE OF REPRODUCTIONS OF THESE CONTRACT DRAWINGS BY ANY CONTRACTOR. SUB-CONTRAC

TOR, ERECTOR, FABRICATOR, OR MATERIAL SUPPLIER IN LIEU OF PREPARATION OF SHOP 
DRAWINGS SIGNIFIES HIS ACCEPTANCE OF ALL INFORMATION SHOWN HEREON AS CORRECT, AND 
OBLIGATES HIMSELF TO ANY JOB EXPENSE. REAL OR IMPLIED. ARISING DUE TO ANY ERRORS 
THAT MAY OCCUR HEREON.

JOIST GIRDERS
STEEL Jo i s t  g i r d e r s  s h a l l  be d e s i g n e d  in ACCORDANCE WITH t h e  STEEL JOIST INSTITUTE 

SPECIFICATIONS. JOIST GIRDER DEPTHS, NUMBER OF PANEL POINTS AND LOADS ARE INDICA 
TED ON THE PLANS. JOIST GIRDERS SHALL BE CAMBERED FOR DEAD LOADS AND SHALL BE 
WELDED TO SUPPORTING STEEL. GIRDERS SHALL CONFORM TO THE VULCRAFT JOIST GIRDER 
SPECIFICATIONS, OR EQUAL. MEMBER SIZES SHALL BE INDICATED ON THE SHOP DRAWINGS. 
DESIGN CALCULATIONS SHALL BE SUBMITTED TO THE STRUCTURAL ENGINEER UPON REQUEST.

THERE SHALL BE NO HORIZONTAL CONSTRUCTION JOINTS IN CONCRETE POURS. ALL CONSTRUC
TION JOINTS SHALL BE MADE IN THE CENTER OF SPANS WITH VERTICAL BULKHEADS. THE 
LOCATION OF CONSTRUCTION JOINTS SHALL BE APPROVED BY THE STRUCTURAL ENGINEER.
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1. Column location and architectural elevations
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2. Wind loading and computer-generated display
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Standard format for wind beam design
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Computer output revision
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5. Wind beam design information
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Structural floor plans and beam schedul
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F£<!~ r ŷ i i - n c ! > * i 3-’ro r •3 D (013* 3(* i J 30 24l ?-  */c j Y 6 / Z f v / t  c t4/

z e e 2 c i - * t t *1 to • t L j t in / 29 ' *•& £ JO 24 U ?.*<?
1 ■D i / f  ‘ /C/Z ~i+J

F&Cr 3 • « ? n *3 (, , 4* Hi IO 1
! fL. ?•*> yv&6 3 i 3 3 ;  /  .7 

?*//
r . '? t P-*/c ? * ? LT-** r r 1 LJ1 t /id d If/

3 (. f n tC . ?a ■24 L-*.’1 - i ' . S r - (•/, J O * ? /  / e  /S!

! J : 14 *1, 3 *t J ' l Z4 '3 i
1 -*r* C-/t_ i« ///.--» J o / « j A 7 3c, 293o C *Jn i-3?J/ V H/.i 010/

| 35 - j i "H 4-*10 S-O/O 'G wi 1
I ~r3/S~c./9<*ii/ ■CoS 30 24s*t S -*tt ^ j fu iy  a  f /

«r<5 1 3 « :■ *7 2-‘ /C % *3 1 (c. l<H7i4l/ fc j.  2 *^ Iv6  7 3c 24 ?c L3~// ■2L - r j ’ rr f t '* ' -  *  <**S.
/-»<= 9/

K itC , ?< * l-*U i  *(. t i ~3 □ 6 /  / z / j.^ < r. J / , : ^//3 <T 3c a jt - i 3 _ - r// h ' l i 7C, 0 13(3 9/
/' z :•*% Z-»U 3 •<> /Z *3 1 i /  4- an  / 34 / z ** ^^9 10 % z~*<} -■4*1 !(, i/ F  0̂ /2 2)14/

< 3 /1 | - z *5 2*1 H *3 1
1 Ul4& ll/}4j ' - y  3 k>t 10 3o 74 4 */o \l'// ?4 / 7 £//(* 2 fo/

> e£/y  /5 G ,- " ? f.m/O 2o " J i £ / ? « » / 1 ^  ^ 5 " iv& 10 Jo Z4V z- *9 im2-*jc "J D (r/JS B/e/

FL OOZ zc  
zc~ei . 3.5

| f i f .  2“ j v t  // 36 a 7"//* L (,-H a r m (. / 'i  V/t/J Ct4/
■*-’  10 T j - * v 3H, •4 IC S c/7rc-n~ “?/ C.e i°/ | / i / ’ J I t i^ l l Z6> 3S r -  * n F L4 -II 3 nn (,//! G lS l4e’*+/Z -- J1  JC  1 r . ‘ 3 1 1 S H IS *_5  1 C c  / t~ r * /

z c -ii  ! , :■>-< \ 5 *H '.- »n 1 4-‘ n '  ' ? * t / / . * t - » / « / * fc S  4 urn // 3o 14 V 2-*// J-2*/o 21 z !,/<? S/e/’J*>14/
c_'£}<( 1 5-3 i 1 * - / /  1 1 i -*n lo * 3 & / 3  <s / I u- % // So 7 ^ a ?-*/! Ll ‘-\0 22 1 ^ t / i / / * 5^ /I J / S 5
zcnii

1 \ 3 ‘ n -£> ’ 3 n 6 , 3011/30/
I j / ' i  \Z4>4 1 * 1 /Z r i (./SS40/ . Jt/6H 3Z, 3 : ?.-*// 4 *H 3-*JJ ■-3-'n -1& c m C./7 HC/4  w

i o n  | r j 14*4 7 ‘ 3 | 1 2 “ U / *3 c.,szl CJ& l i i c 24-U 2 * ll ^2*/C n i /1 e ia/i £ 14/TCHi \ 24'Z j Z4’4 4-*1 4 -1 /Z • t C.lf.n 4ot
F L oce  / ? ?/ J fib >* 16 53 2 -* 5 :■ *// 4 * 9 U c m C./7 atS/4 B14I

n e t ?C l-* 7 7 -r£ /4 •3 a ( ,/ s e t i/ n l . 4 we 2o Z4h 2-~u _■■*// z*/o L 9
r - 34 D ',/J4 4 I0/2 3Z4/

:QS>2 Zo £-*1t /- * 7 ? ' £ 14 14 s j o t  s/sen/

i!
1

1

WblS ■x> Z4U Z - ’Xf A Z-*/o i t C./4 c/e/j s  *4/

1c 2 ^ ’j &-*IC >*!C z*/o iC *3 ~U, 7ec,//l2n/ Wd/C,. iO U " 1 ? '  "// ? - J // * Z i i/ 4  a/c// £ 14/

) a,H>4 3 c ?■*& ■iO '3 D 0./3 e/// 41/ w fi/7 30 Z41’’ 2 - V / 2-*H r-z (t/9 i/o// 4 t j/

/ ? - ? $ 3 c Z- "/o M- '3 & c / / /  c- e/ IV6/3 io 24'' r  - 'jo l-*/o tw o 5-7 i/ is  ® /< j//  m s/

L4*9 / f *3 f l 6- , ' f  < ?/// w'«/■? 30 Z4U 2-  *■// ‘ r-  4n : c H ?  a n / i  a *9/

! ri i  7 l-*n a <Z-mH / c *  3 a S / . 5 S  " / HBZO >3 24U '■'// 1 *10 « 4/T 2)16 / ! 4>Z4/

.: r r^-c
k'Jtc

t-*£ 7-"& 0 *3 5 y F / z r / m u 30 24'I C ,y ' -;* ii L4 -'n 3 ^ *> i/  /I 2 to/

3-": ?4-'s 4 -’ 1 4■'? /z •3 4 , 5 «  4o m n 3D 24'*  ̂ hi 2 ¥/t V - ' / '1 30 s e i/ 'o  Ic /a/

^  •3/0 1Z 5 •3 C*j 3Z / i V 92J W 74 U '2 -n '  j .  */^ /-> 1 i i / i  2 / e / / & *l

.9 3 n Z4 :Z < • '? 4-'1 ?4 *  J s./a^n / if -  j l / n/« 74 M ' 4 S mi0 /- 1110 1 ?  -*/i- % i  //o B/t/l S3 14/

r ic c R . is '-F i* . 4 >v-S /_3 So z - ' i /-*/£> - ~2*/a I i/ ?  H e/ 2 J24-/

i &  | 2 -
r*;o

!-*£■ 7 - '£ c* *3 a (*/ li IS/ 1 5 / j S j Z4*j
 ̂ r-

2*/0 !-2-s/o X 4/'4 i  /a/i 21241

,&&2 Z4~4 4-*H ,4 *3 C*j6a// , J / / ~^F-T 5 24*4 /-*/0 l2-*'/o S4 ¥ T ] 6/:4 i)/o/l 314/

lirC l U l r*<£. “2 * 3 to *3 > , ZHi! 34 i34j

•

,3-B- 3 c li 1*31 1 *3 7  *<Z g '3 Cfjzen / 4oj

ite $ 5 - 6--*IC 1*10 T,-*io 40 •3 6 y 7 < ? * / / Z « / / /

’UL. /r'z 4-f 1 30 ’ i n ^  / z e  u/jc.  3c>/ r L O O R  F I R S T

*s ; 5 5  / * 24 U :-'tC Z '7  f ' / / 24 a c./1/ e t i f  39/

' A 32 3 5  'it. 14 ■»i 1 -;“ 3 - '  fi it, *  J C./4 e n/ f e i i /

r L x z  /  7 *33 3 5 ' * Z4*f : - • ? 9 -» ? ■a 0 3 c / 7  (• / / /  Z r  J » /

/ 7 * / 7c 2£'+- 1 - « l l •3 B (, i  If///24/ A!o4- 5 5 ' * 24 U 2- ' £ J - f <5 /c. • J C / i -  n ; C f- 43/

-’7 *  r Zo 6*11 3*& a *3 4(311/301 P E N T H O U S E  ,-<COP S E A M S

/ 7 « 5 3 o 3- *£> n « cjt-en  /zt/ FBI 24 Jt 5 ' 7 : 4 *3 n € (rj 4i/

n i4 1c. W  Sr 7 rc.t 7 'S i *3 (,134/34/ FBI i i /4 r -  '■7 /a t3 1 4-tC.j 41./

n t ‘. ~20 6- ‘ 1 3 - ‘ 1 4 * 1 5) 43 S3 <* /eit/ne H; r.6 5 14- •A 4-s-~ Z“ 1 0 *3 ZC(* 4(rf

, ? « . 3o 2 / i - £-*<! ? * e !L •3 S (,. <-S n/3!/ S64 Z.4 /* >7 2-‘ t 30 *3 1 14 *(.144/

/7& 7 3c -} * s t 3- -n Z4 *3 h&nj P6S U 2-’ 1 y *3 ! i/24/

/ 7 « ? 3C !-*1 i  * t li •3 f'Aie 14 ■ 14 2*1 10 *3 3e(,: 2S3l/

/ > a i <*1 Z<^ 4-’ 10 (c-’ l t Z- *11 4- "to p a i 24 - 2 *  7 4 •3 1 L/24/

pat z 4 14 5- '7 Z ' 7 3Z f 3 ! IS S C./40,

r i O o C  / t rB9 14 14 ■ l= u t Z-»7 •0 *3 4*fr 3t/

IS -tl Z o r ' 3 ?■*! It *3 B U. te n / P81O 14 ;4 Z -F . ? ■'7 /rf >3 i i « 6  3 f /  ;

I t  b 2 ? c <24 i. 3-*& !* & Z ■*& g •3 (,j3 e z i/ - -u ■* ■■4 t - f l 3 ’ S Mr J3 c H Q (fi j  39/

;ZS 3 5 0 s4\ !■*£> * . - * ,(, •3 C./ c ,e n f io / F L O O R  F I R S T  'C O /IT -'.

It  b4 - 2**4- ?-'/c c * n t 7 *10 3 *// 4 -* ic 32 *3 ® CrlCAT/IC U/ /&43 l i £4*4 2 * 7 2 *7 V " J a i  / 3 /2 H/

It-Be 5 c 1 74*4 4*/c 3-*10 4-tta 4l *3 0/ l e  i-/tt e  /// /& ^4 24 24} Z . '7 £-*9* 7 'io iB *3 a J /•£ *3 / >3 0 r/u>/

J 3 74’+ 3 - * ? !-*S ■2 *g K> •3 B (c/nn/st/si/ /£>45 /£ 24% Z-*7 z -7 r - ” 7 £ *3 & t/4  0 // /

t i6 7 3 0 74=4 l-*/ o 7 - * f ZO 43 B (,/ra n/24/ /S4C, 3c 3t4? S ', ,4. *-2 “4 ■-t ./(. C s/4 n r

/ a  47 3e 36, '  *'C? Zc ' ha uD *4 U L’ */’* D4/1/
/  B 4S 3a 3£> c T,c f 17-m/l* i>C ' i l l

/£ 4 9 3o *4*4 3- " id ,0 '3 V & / ? « / / , j! , '3 t ’/

Floo/Z !<=,

ioe>i 3~ 7*h- -*£ 7 I t z tan/
r

!0t>2 3d 34*4 t - '£ 7 f *3 L 3(321/
/

t O . V i ' * ' 6  DOCK. +

t^BT> Zo ■2* If ;-*£ f ’3 (, S-ff / / / * £ .  J & /
1

? e s  / /: j r  "^r J - ' - 5 <5 ' j i rJ a  /  J  .- 4 z t

n e ,4 30 e .* /o ? * io 3*10 34 t C,,£C1< HGHj V a c e s >a J - * « S /s J L3 t / ' o / z o / j ^  J - r f /

/See ; c 3 - i s i : l - ' f i 7 -* r /t ■ '3 s (0, t! /3Cr ■ O<£0_ -

/se>6, Cc 3 3 l - wJ6* & -’ !/ 24 ■4 3 3 c /  n e u /

3 3  L 0/ / / & - * / / IS w Z / f € n /

|»0 thATI CMftCH

■yj £UfV v <~ **p *2 
»  ,s >ucd fix  ** To *Z

176

S. I. Morris Associates
ARCHITICTS >465 W IST  ALABAMA HOUSTON. T lX A *

Walter P. Moore & Associates, Inc.
STRUCTURAL ENGINEERS HOUSTON

Chenault & Associates, Inc.
CONSULT ING ENGINEERS HOUSTON

THREE
RIVERWAY
JOHN HANSEN 
INVESTMENT BUILDER

BEAM SCHEDULE

DKAW1N0 MO.

m h
Sl.5



u- J

r©-

' T  T  ̂ p -^ -- A;

c: ?■*•
f * c T  SZ*£p.)

1*-
cnlD. S 7 4 **P i

^  _  7  ■V/> rrP -f 6,14

t :
'J

b a r  f l a c £ K £ n t  d /a  g z a m  '
SPAHPRZl- &EAHS AT £ k /D 33
SPAf/OREL 5£A M 5 AT £ # '0  * 2 5  (tPA. #A vo)

(li "X

i y ~ r
i .  u p  «  TOP-*- 6 A rS  I -
r I „■------ i n  & *i ____________________:

------

BAR FLACc n E / j T  D/A £  R A W  
S P A N D X B  L i ~ A  V.C  A T  R 2 0
Sfr/IOflEL SBAXC /L~ ^ & f^AA rtAHDJ

■e j iwrt m i

' « v ^ .  **  f '  + * t

177

E L E V A T IO N  A *O T C  ^ O O t - r A  L i - 5  ̂  1 ''''’’V .̂"V
A T  D I S C O N T I N U O U S

1 i---1 * I---1

ELEVATION  

BAR P L A C E M E N T  D I A G R A M S

&#£AT£A 
Lt At t/Z

• f a r e

ic  n M u iv c * )

ELEVA T/ON

SCHTPTLT »0TE3

EARS MARKED THUS SHALL BE PLACED IK TOP 0 T BEAM OR JOIST CTSTrRnD 0\TR
INTERIOR SUPPORT. IT  CONTIMOUS AT BOTH ENDS. HAL? OF BARS SHALL HI r i  VTEREP 
OVER EACB SUPPORT.

BARS MARKED TH IS  \  SHALL BE PLACED I *  TOP 0T BFAM . JO IS T  OH SLA B AT DTSCO*- 
T 1NU0US END. IT  BEAU OR JO IS T  IS  D IS C O N T IM O IS  AT BOTH ENDS. HALF OF BARS SHALL 
BE PLACED IK  THF TOP AT IACH FVD. IF  SLAB IS  P I SCO VTIM  01 2> AT BOTH F M ’S . TOTAL 
B A R S . 0 ?  BARS AT IN DICATES SP A C ISC . SHALL B r  Pl-ACED IN TTII TOP AT I ACB TM» -

r r  r r  PfAw. .»q i*t  on  im p  atd

STIRBUPS SHALL BF SPACED FROM FACE 07 SITPOBTS.

*. 80710* RA#S KAflrtO Tvt-S ^  y * u  i f  PLACED !■ TVO lATftJ.

S. I. Morris Associates
ABCHfTICTS Wt» VWtT ALA1AMA HOUSTON. TIAAS

Walter P. Moore & Assoc kales, Inc.
STftUCTUBAL f  MC-INtf R5 HOUSTON

C h e n a u l t  &  Associates, Inc
CONSULTWC INUINtEftS MCXfSTON

THREE
RIVERWAY

JOHN HANSEN  
INVESTMENT BUILDER

BEAM & JOIST SCHEDULE

DKAwnna f»o.

I *Cc>



APPENDIX V 

Field Inspection

CARRIAGE PARK APARTMENT COMPLEX

1. Inter-office report to T. Shipman from X. Arguello

2. Report to R.A. Tash, Ltd. from Walter P. Moore & Assoc.
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Report to R.A. Tash, Ltd from Walter P. Moore & Assoc.



LTER P. M O O R E  AND ASSO C IATES INC. CONSULTING ENGINEERS 2905 SACKETT STREET HOUSTON,TEXAS 77093 (713)526-5641

TO: Ronald A. Tash, Ltd.

SUBJECT: Report on Structural Survey Performed August 4th and 5th, 1977 
at Carriage Park Apartment Complex, Houston, Texas

The complex has a total of 25 buildings, consisting of 22 two-story apartment 
buildings, 1 three-story apartment building, .and 2 one-story jnech.anical 
buildings. It is divided into North Carriage Park 0 6  building?!'and South. 
Carriage Park (9 buildings).

The exterior of all buildings and some of the interiors were inspected. Typi
cally all exterior walls at ground level are brick veneer.

The following observations were made:

1. Walls

A. Northside - Moderate cracking is visible in most of the brick 
walls. The cracks are basically vertical cracks located in the 
middle of the wall, and diagonal and horizontal cracks at 
v/indow openings. One of the buildings has a relatively large 
number of these cracks (10). The remainder have an average of 
two cracks per building.

B. Southside - Two buildings have moderate cracks at the location 
of the electrical panels. The three-story building has cracks 
in the walls around the elevator and stairs.

The cracks in the brick indicate some foundation movement. These 
cracks are probably caused by expansion of the clay soils due to 

. seasonal changes in the moisture content of the soil. This condition 
is quite prevalent in many parts of Houston that have expansive clays. 
The cracks could also be due in part to temperature stresses. ...

.The cracks do not indicate any serious structural damage and are~o^ly^> 
v-cosmetic in nature. The cracks should be patched to-prevent-moisture 
penetration and can be done at a small cost. In general, the brick 
and mortar appear to be in good condition.

2. Slabs and Grade Beams
A. Northside - Moderate cracking was observed at the corners of slab 

on grade and grade beams. These cracks are due to the placement 
of the reinforcing bars. They are cosmetic in nature and do not 
affect the structural integrity of the foundation system. They 
can be repaired at a small cost.
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In a few locations, erosion due to rainfall has exposed the 
bottom of the grade beam. This does not affect the grade 
beam but should be filled in to prevent further erosion.

B. Southside - In the three-story building, moderate cracks in
the slab on grade were observed in the corridors. The corridors 
are exposed to the weather, and these cracks are only cosmetic 
in nature and do not present any serious structural consequence.

3. Stairs
All stairs are of the light metal and concrete type. Stairs exposed 
to the weather exhibit a high level of corrosion. This is quite 

• normal for areas of Houston where air pollution tends to be a little 
more concentrated than normal. The project is in such an area because 
of its proximity to the ship channel. The stairs should be repaired 
and probably can be done by the maintenance staff.

Evidence of leaking was found in almost all interiors inspected. The 
extent of possible damage to the wooden structure supporting the roof 
could not be determined due to its concealed nature. It is our 
opinion that any structural damage would be minor.

5. General
Some pipe columns supporting the corridors in the three-story build
ing and the cooling tower in the North Mechanical Room are corroded. 
This could be repaired by the maintenance staff.

The presence of termites was reported in six buildings, but there 
was no evidence of structural damage.

6. Conclusion
In general, the buildings are structurally sound and should not 

. present any major structural problems in the near future. The 
stairs and pipe columns that are corroded should be repaired.

Submitted by:

WALTER P. MOORE AND ASSOCIATES, INC.

4. Roof



APPENDIX VI

Structural Additions and Remodeling of Existing Buildings

1. Structural drawings

2. Memorandum to K. Zimmerman and response



Structural drawings
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Memorandum to K. Zimmerman and response
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WalterE* Moore and Associates, I
C o n s u l t i n g  E n g i n e e r s  a n d  P l a n n e r s

K. E. Zimmerman, RE.
Vice Chairman of the Board

May 19, 1978

Mr. Xavier Argue!lo 
2905 Sackett Street 
Houston, Texas 77098

Dear Xavier:

Your suggestions of May 2 were presented to the Executive Comnittee 
on May 10 and discussed. While the content of your suggestions are 
items that have heretofore been orally brought to the attention of 
our group leaders, your comments suggested that if it really gets 
effective it should be put in written form. Lee Jones will have a 
memorandum regarding the items out shortly.

The Committee appreciated your concern regarding the items'mentioned, 
and thanks you for submitting them. The enclosed check Is a token 
of appreciation for your thoughtfulness.

Yours very truly,

WALTER P. MOORE AND ASSOCIATES, INC.

2 9 0  5 S a c k  c i  t S r . ,  H o u s t o n ,  T e x a s  7 7 0 9 8  0 ( 713  ) 5 2 5 '7 3 0 0  • T  W  X 9 10 - 8 8 1 - <4



Walter B Moore and Associates, Inc.
Consu l t i ng  Eng i nee r s  and P l anne r s

DATE: MAY 25, 1978

TO: ALL STRUCTURAL PERSONNEL

FROM: LEE W. JONES

Xavier Argue!lo has made several suggestions that all of us should have been 
aware of, but they are worthy reminders.

1. Caution should be used when welding to existing steel members. Sound 
engineering judgement should be exercised when welding to stressed 
members since the welding temperatures may reduce the member capacity.

2. Our typical two course block lintel detail reads "For openings 5 Ft.^ 
wide or greater." With various loading conditions it is not appropriate 
to set an upper span limit for this lintel. We should however insure 
that the larger openings on each project are provided with adequate 
lintels.

MEMO

3 2 0  3 We  s t A l a b a m a ,  H o u s t o n ,  T e x a s  7 7 0 9 8  • ( 7 1 3 )  52 5-7 3 0 0  * T W X  4 1 0 - 8 8 1 - 4 8 2  7



APPENDIX VII 

Revision of Design and Shop Drawings

1. Framing plan and sections

2. Revision of precast system



1. Framing plan and sections
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Revision of precast system
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APPENDIX VIII 

Other Professional Development Activities

A. Excerpts of a seminar conducted at Vial ter P. Moore & Assoc.

B. AISC seminar, certificate of completion



Excerpts of a seminar conducted at Halter P, Moore & As sag.



Some Aspects of the Structural Damage Caused by the 

1972 Managua, Nicaragua Earthquake

The Structural Engineers Association of California (SEAOC), establi

shes provisions for earthquake-resistant structures in their "Recommended 

Lateral Force Requirements and Commentary", which are adopted by most of 

the major building codes in the Western Hemisphere. They state that:

"With regard to earthquakes, structures designed in conformance with the 

provisions and principles set forth herein should, in general, be able to: 

1. Resist minor earthquakes without damage, 2. Resist moderate earth

quakes without structural damage, but with some non-structural damage, and

3. Resist major earthquakes, of the intensity of severity of the strong

est experienced in California, without collapse, but with some structural 

as well as non-structural damage."

The 1972 Managua earthquake can be classified as a moderate earth

quake. The intensity of shaking in the city was established to be around 

VII to VIII in the Modified Mercalli scale with high shaking zones of IX 

to X (out of a maximum of XII). Maximum accelerations recorded were of 

0.39 g East-West, 0.34 g North-South, and 0.33 g vertical; it was esta

blished that at least in one zone the vertical acceleration reached the 

value of gravity (1 g.) (see: Saint-Amarid, Pierre; "The Seismicity and 

Geologic Structure of the Managua, Nicaragua Area"; Managua, Nicaragua 

earthquake of December 23, 1972 Earthquake Engineering Research Institute 

conference proceedings).

It was established that the total damage caused by the earthquake 

amounted to about 30% of the nation's gross national product. Around 8000 

people were killed, 20,000 injured, and the property damage exceeded a



billion U.S. dollars (see: Duke, Martin C.; "Impact of Managua on Earth

quake Engineering"; Managua, Nicaragua earthquake of December 23, 1972, 

Earthquake Engineering Research Institute, conference proceedings).

Damage in Managua was related to the type and quality of construction, 

to the intensity of shaking, and to fault lines. In Photos 1,2, and 3, 

we can appreciate obvious examples of neglect of provisions for resistance 

to lateral forces.

In Photos 4 and 5 permanent deformations are observed due entirely to 

first floor distortions beyond the elastic limit. The upper floors are 

undistorted due to the fact that once the strength of the "weak" first 

floor is reached, the upper floors are isolated to a great extent from the 

ground-induced forces. Notice in Photo 4 that the failure actually oc

curred in the direction of the weak axis of the portal frames. In photo

5, notice how the second and third floors are intact, even the glass pa es 

are in place!

Weak parts of a structure may be attributable to underdesign of that 

part of the structure, and/or overdesign of other parts of the structure.

In earthquake-prone areas, danger exists both from understrong and over

strong elements. Photo 6 presents a close-up of one of the failed first 

floor columns of the building shown in photo 5. The effective length 

of this column has been reduced by the presence of the masonry walls, con

fining its lower half portion, this creates an unnoticed stiffer element 

which attracts greater forces and which doesn't have the strength to re

sist them; notice the far spacing of the stirrups and their size.

The occurrance of the type of failure caused by understrong elements 

in structures has been thoroughly studied, a proposed design taking ad

vantage of the weak first floor has been set forth by M. Fintel and



F. Khan: "Shock-Absorbing Soft Story Concept for Multistory Earthquake 

Structures", Portland Cement Association.

The author had the opportunity of participating in the structural 

inspection of the repairs performed on the building shown on Photo 5; it 

consisted basically of carrying reinforced concrete piers from the founda

tion to the roof in the same location of existing columns. This way the 

structure was strengthend without creating additional weak spots.

Photo 7 presents the damage caused to a building which had been re

paired from previous earthquake damage (1968). The new damage occurred at 

the abrupt change in stiffness in the second floor level, up to where 

strengthening had been carried when repairing the 1968 damage. After the 

1968 earthquake, the first floor which was damaged then, was strengthened 

by forming reinforced concrete piers carried to the second floor; and thus 

inadvertedly transfering the original weakness to that floor. Photo 8 

shows a close-up of the abrupt change of stiffness and the damage concen

trated there.

In Photo 9, overturning failure in the strong axis of the portals can 

be observed, this view presents the failed tension-side, Photo 10 shows a 

crushed column on the failed compression-side. This building obviously 

had no provision for resistence of large lateral forces.

An example of damage due to inadverted stiffness provided by infills 

in frames, without the sufficient strength to resist the forces induced, 

is presented in Photo 11. The main structure of this building, a rein

forced concrete frame system did not suffer major damage but the "non- 

structural" damage was rather high. In seismic areas, due consideration 

has to be given to the behavior and interaction of non-structural elements, 

as well of course to the structural elements.



Conditions such as the one presented in Photo 12 are quite prevalent 

in building-congested downtown areas; in this particular case an adjacent 

building stiffened the bottom story levels of the six story building cau

sing.damage at the externally-originated abrupt change in stiffness.

Photo 13 presents an example of poor detailing and/or poor workman

ship. The connections of the heavy precast concrete roof slabs failed in 

each and every dwelling of this housing project; upon close examination 

of the failed slabs, only tack welds were observed to have been provided 

as connection to the walls.

Finally, Photo 14 presents two medium-rise buildings, both of rein

forced concrete but the one to the left, the "Banco de America" building 

withstood the earthquake very well while the one to the right, the "Banco 

Central" building fared poorly. The "Banco de America" building had a 

much stiffer structure which relied on shear wall-frame interaction for 

the resistance to lateral forces, in addition to having a sysmmetric plan. 

The "Banco Central" building had a flexible frame system resisting lateral 

forces, when the frames deformed, most of the "non-structural" partitions 

were damaged; in fact damage was so heavy that even though the main struc

ture was undamaged it was determined that the cost involved in its repair 

would exceed the benefits of putting it back in operation. This building 

also had an unsymetric distribution of stiffness in-plan; as of today it 

has already been demolished.



Photo 1







Photo 7









AISC Seminar, Certificate of Completion
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Francisco Xavier Argue!lo Carazo was born on August 6, 1953 in 

Guatemala, Central America; his parents being Felipe and Lola Arguello 

Bolanos, he is married to Olga A. Arguello and has four children. He re

ceived the degree of Civil Engineer in August of 1975 from the National 

University of Nicaragua, Central America, and a Master of Science degree 

in May of 1977 from Rice University in Houston, Texas, with a major emphasis 

in structural engineering. While in Nicaragua, he acquired three years of 

experience in engineering, working one and a half years for a consulting 

engineering firm: Federico Fiedler & Assoc., and one and a half years for 

an agricultural development firm: Arrocera Venllano S.A. He has fifteen 

months consulting engineering experience at Walter P. Moore & Associates, 

in Houston, Texas. His permanent mailing address is: P.O. Box 645, San 

Pedro Sul a, Honduras, Central America.

The typist for this report was Olga A. Arguello.


