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الإقرار
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Abstract

It is known that schools in countries need special requirements for implementation issues controlling all needs reaching the best way for safely use to all occupants. Moreover; schools -as they are core of communities- used as shelters in Severity circumstances like wars, damages …etc. Schools have a high degree of importance and focus on their physical status, which means the need to ensure their durability, sustainability and the integrity of all their components, as well as the global practice of using them as shelters in the event of natural disasters Human and various emergencies.
The great importance of these facilities - schools - puts us in charge of community, ethics and professionalism beyond personal interests, and it is imperative in the field of engineering and construction design to ensure work to provide maximum care and safety, to stand these important facilities to all risks, for example, Seismic dangers.
A great part of existing schools' structures in Palestine have been constructed using the same project details; with our concerning the seismic criteria including site conditions.

In this research, we present an engineering scientific study that evaluates the topographic impact and the effect of its changes on seismic behavior and the difference in the design of public-school facilities in Palestine based on Time period of fundamental mode of structure according to codes of practice.
Scientifically; It is proven that seismic behavior varies from region to region and from one structure to another according to many variables, mainly the nature of the soil on which the origin will be established. Hence, it is far from right to have the same seismic design for a number of schools located in several different places Terrain and seismic behavior. Different topographies directly affect seismic design factors, system considerations, importance of structure, and structural analysis methods.
The study targeted a number of different designs of public schools in Palestine to collect statistical information about the nature of practice in previous years. The statistical data were used to create three school models in three different topographies (Jericho, Ramallah and Qalqilya). And to make the necessary recommendations based on Time period of fundamental mode of structure as a minimum in access to the safety of public schools within several construction systems of the same structure, and the results were obtained and a comprehensive overview of the best means and systems of the construction design of public schools in the occupied Palestinian territories.
Several tools were used in local code-based analysis and evaluation, such as SAP program, and the results obtained were verified to ensure the reliability of the program and all its outputs.

An interesting result has been found that puts the structural designer on the proper path of the safe structural design, within the necessary hypotheses that develop these structures from the structural aspects. The study also linked some design needs to the correct practice which means linking design to different implementation needs.
1 Introduction
1.1 Overview:
600 School Buildings Failed, 2,415 Deaths. It was a big disaster and a very hurtful incident occurred in Taiwan in 1999. No Body imagine the huge bad results made by this catastrophe named by Chi-Chi earthquake; Damages caused by the earthquake included 2,415 deaths, 29 missing, 11,305 severely wounded, with 51,711 buildings completely destroyed, 53,768 buildings severely damaged, and a total of (US $10 billion) worth of damage and with 600 school buildings failed. It is not only about losses in Money, Buildings, solids, but it is about country generations, youths, children and students who will be -at specific decades of country history- the main personnel of making our days and they are the future builders (Earthquakes Engineering research institute). The following Figures shows several sides of earthquake effects obtained from special earthquake report in 1999 newsletter (Earthquakes Engineering research institute).

[image: image264.jpg]Figure 10 - Double pancake of four-story building. Only two stories remain.
(Photo: Uzars}





Figure ‎1‑1: Walls Destroyed in Chi-Chi Earthquake 1999
[image: image1.jpg]Figure 11 - Typical deficient column details: ties with 90-de-
gree hooks instead of 135-degree hooks, excessive spacing
of ties, and inadequate transverse cross ties.  (Photo: Amin)





Figure ‎1‑2: Columns Failure in Chi-Chi Earthquake 1999
[image: image2.jpg]Figure 9 - Soft-story collapse of a mid-rise apartment builing,
Dali. (Photo: Meyer)





Figure ‎1‑3: Building Collapse in Chi-Chi Earthquake 1999
       [image: image3.jpg]Figure 12- View of a
partially collapsed 15-
Story building (less
than 50 m high).

Reinforced concrete
with infill brick parti-
tions. Beam column
Joint failure at facade.

(Photo: Amin)





Figure ‎1‑4: Building Failure in Chi-Chi Earthquake 1999
After the earthquake, the local government of Taiwan decided to preserve some of the remains from the earthquake to serve as reminders to the public for them to be prepared in the future if such event happens again. The museum, previously known as the Earthquake Memorial Museum, opened on Tuesday, 13 February 2001 after only two years of disaster.

[image: image4.jpg]



Figure ‎1‑5: Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
[image: image5.jpg]



Figure ‎1‑6: Samples of Failure in Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
[image: image6.jpg]



Figure ‎1‑7: Samples of Failure in Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
[image: image7.jpg]



Figure ‎1‑8: Samples of Failure in Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
[image: image8.jpg]



Figure ‎1‑9: Samples of Failure in Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
[image: image9.jpg]



Figure ‎1‑10: Samples of Failure in Chi-Chi Earthquake museum (Earthquakes Engineering research institute)
As it is very important and worth to be mentioned that museum is located on the site of (The former Guangfu Junior High School); So; It is focused on the new generations for having the scientific culture and educational side view of studying the real failures and growing up avoid and resisting their countries failures, in other words; How Many Students saw and still seeing the results of that earthquake?? How many concepts of "Failure resisting sense" are grown in their minds?? And so, the developments and improvements will be created accordingly.

At another point view; and in several countries; Many investigations and evaluations are being done for all important buildings and structures that shall be stand -as possible- against all disasters especially earthquakes.
Furthermore; some of investigations and evaluations joining schools with hospitals as same important structures that shall be strong enough for any future expected catastrophic, like the practice in Turkey that make investigations of all schools and hospitals as the same level of importance and treatment. Many Researches assigned by Turkish Government for all schools and execute all needed modifications for every school per its own conditions and circumstances. 142 Schools in Turkey were retrofitted and developed for the mentioned purposes and also all retrofitting procedures were followed for all these schools, which depends on researches findings and all technical studies on all these buildings (C. Tuzan et al,2009). 
So; the evaluation for existing structures shall be executed depending on its capacity under several critical conditions that ensure keeping it strong by the time.
Based on all Above; the questions here are; Are our schools safe and conservative depends on its conditions and all needs of this special structure?! Is there any need for creating special strategies or codes for treatment of schools from structural point view? Are there any procedures for development in design?!!

It is important to be mentioned that design of schools in Palestine has developed for about more than ten years in special requirements enforcing all designers for using moment frame resisting system for all schools which is used widely in Palestine for all schools with some restrictions in class rooms dimensions and other issues related to specific conditions of a given region. With a Time; this issue was found to have a solid procedure copied and pasted to several new schools in different cities with few differences in shapes and some utilities. Commonly; schools have the same design architecturally and thus has the same of most of structural issues.
The behavior of Palestine topography varies from north to south as it has different types of soil and importance factor that influence the design category and hence the type of frame to be used as ordinary, intermediate, or special.

These differences shall be reflected on design in architectural, structural or other related fields. The most important issue that shall be regarded is that schools are used as shelters the same as happening in the last Gaza-district Wars where all people run away to schools till wars ended.
In Parallel to this importance; closed view assessment shall be applying in design of schools providing all future improvement needs for schools in accordance to the most updated International researches.

This case and these real conditions highlighted on all needs for making schools (which is shelters) safe from earthquakes and such disasters by assessments of the existing buildings for reaching to very suitable conditions of schools to be designed in best ways and having best situations.

In the fact that Palestine poor in researches due to lack in possibilities and scientific funds and budgets, International Building Codes like (IBC) and all other requirements for making schools safe and suitable for use.
The mentioned assessments and development of schools leading for making special structural strategy or new code of practice for design of schools in Palestine for its different situations.
1.2 Objectives and Methodology:

Objectives for the research are listed below:

· To study the actual design of existing schools.
· General Statistics study will be done for all schools as built drawings.

· Investigation study that showing the real structural properties of existing schools with respect to IBC Code requirements. 

· Evaluate structures and all components of schools (nonstructural elements …) and develop buildings through using additional requirements and special needs based on international codes.

· Generate special rules for school design under its local practice in implementations as per region limitations and other special needs that shall govern the design.
· Achieving the best limitations for schools to be rigid structures with respect to Time Period of structure that insure rigidity of structure.
· Implement of a finite element (SAP) model for studying the behavior of seismically detailed of different schools in Palestine (From North to South based on topography and soil type). 

1.3 Scope of Research:

The main concern of this research is to improve schools' buildings by checking whether the minimum structural requirements based on codes of practice are applied or not; and how the local needs match the seismic parameters of design for different topographies. This development of schools will have different modes of works. First will be focused on study all behavior of schools depends on its own properties from structural side view, then analysis procedure will be done for viewing all its parameters comparing it with the needed ones as per codes requirements and how different topographies effect structural design, then special models for different types of schools using different structural elements will be analyzed based on rigidity requirements related to Time period (which is The time needed to complete one cycle of free vibration when it is subjected to a horizontal displacement). 
All mentioned will be shown in this thesis as following:

· Literature review in chapter two shows all similar technical research about the main subject of research and displaying the procedures that old researches used and all details of special conditions that analyzed based on several scientific Methodologies.

Summarizing the old thesis of all its findings and final conclusions of every research are shown and displayed accordingly.
· Chapter 3 of this research will display engineering statistics for several schools in Palestine showing all needed data that support and provide research with closed clear view of existing status of schools structurally.
The data will focus on the following:

· Structural Systems.

· Columns dimensions.

· Beams Dimensions.

· Slabs systems.

· No. of Floors.

the gained data helped in improving schools' buildings by its all components so this makes a good guidance in the first modeling of analysis being the first step of improvement.
· Then; chapter four represents comparative study of three chosen schools selected in three different topography regions in Palestine (Jericho, Ramallah, Qlaqiliah) these three schools' buildings analyzed seismically and compared with seismic Code requirements displaying all findings and missing criteria.
· Chapter Five; displaying the main Code requirements of Moment resisting frames systems by code of practice and all conditions that shall be available in every design procedure for all ordinary, intermediate, and Special Moment Resisting Frames (MRF) Systems.
· Chapter Six; will display a model of Typical school case (represents all schools in Palestine by its own architectural shape), this case will be modeled by SAP 2000 software in its all dimensions and applying the loads as per codes and its own functions and accordingly results displayed as per codes requirements.
Also, Chapter Six; is the most important chapter will analyze all displayed items in previous chapters and give a scientific evaluation of all findings and commentary in following:
· Defaults of using MRF Systems.

· Slabs Systems.

Via Chapter six; we will Generate structural Code for practice in Palestine enforcing designers fulfilling all seismic and main requirements for Moment resisting frames and all other main requirements.
· Finally; Chapter 7 shows all conclusions and future foresight of school's improvement for next generation of needs and all related issues. 
2 Literature review 

2.1  Overview

Seismic vulnerability of schools' buildings has been recognized as one critical aspect in recent earthquakes. The situation is more dramatic in developing countries in which self-construction is a common practice, low quality materials are commonly used and lack of control is very common, especially in geographically remote areas. Governments, non-governmental organizations and specialist communities are interested in improving earthquake school safety. Seismic risk mitigation programs are developed with the main objective of reducing the risk of death or injuries in the educational sector and improve the expected behavior of the infrastructure during earthquakes.

The definition of structural school building typologies is one of the more relevant factors in order to evaluate the seismic response for improving the school earthquake safety. Different structural typologies are usually used for school buildings despite the high variability in architectural functional characteristics due to regional conditions. In developing countries, most common construction typologies are the adobe, unreinforced masonry, confined masonry and reinforced concrete frames system. For each structural type, the expected seismic performance can be defined and probabilistic losses can be estimated (R. Rincón, L. Yamin, A. Becerra - 16th World Conference on Earthquake- Santiago Chile). 
Commonly, the selection of the structural typologies for school buildings is based on the lowest construction cost possible, not recognizing the high vulnerability of the selected construction system. More complex variables are involved in the school buildings vulnerability assessment. Age of construction present the first approximation to the vulnerability as related to the seismic design code used for the design. It also permits the recognition of construction techniques and quality. Construction quality is another important variable associated with the person or company in charge of the construction. Usually, the construction of public-school facilities is under the responsibility of individuals or groups which belong to government entities, non-government organizations, private enterprises, self-construction groups from the communities, and others. Depending on the builder, uncertainties should be estimated. Also, geographical location imposes important uncertainties because it involves the experience acquire from past events, quality of materials and socio-economic characteristics of each particular region (R. Rincón, L. Yamin, A. Becerra - 16th World Conference on Earthquake- Santiago Chile).

Several researches worked on the structural assessments of buildings and many technical papers were issued in this regard. Special structures like schools have great and critical function thus needed to be under development and evaluation periodically.
2.2 Seismic Assessment of Public Schools' Buildings: 

In 2009, Yi-Hsuan Tu, National Cheng-Kung University, et al, issued a technical paper entitled "Seismic Damage Evaluation for Low-Rise RC School Buildings in Taiwan", since the midland of Taiwan was struck by Chi-Chi Earthquake, 1999. There have been several researches and investigations to evaluate the damage in buildings structures.  Typical low-rise reinforced concrete school buildings in Nantou County were chosen as the subject because of their similarity in structural system as shown in Figure 1 and being seriously damaged in the earthquake.
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FIGURE 1 - STRUCTURAL PLAN, ELEVATION, AND SYSTEM OF TYPICAL SCHOOL BUILDINGS




Figure ‎2‑1: Structural System of Schools in Taiwan 
The Original architectural drawings, ground motion intensity, and damage records were collected in building unit for making real relations between damage-motion of all building.

General statistics scanning was done on all damaged schools. The results showed that school buildings are mostly of 2-story high with unilateral cantilever corridor. The dimensions of a classroom were about 10 m by 7.5 m, while the corridor was of 2.5 m width and the total width found to be about 10 m hence. All the buildings almost have 3 spans in each classroom along longitudinal direction with 3.0 to 3.3 m per span. This statistic shows that their school buildings are very similar to ours.

Also; the research defined the ground floor columns and named (1F) and calculate column area ratio -where it was defined as ratio of the total area of 1F columns to the total floor area- that found to be generally concentrated in the range of about 40 to 60 cm2/m2.
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Figure ‎2‑2: Statistics for Geometrical properties of schools in Taiwan 
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Figure ‎2‑3: Statistics for dimensions of schools in Taiwan 
A “strong-beam-weak-column” case commonly found in typical low-rise reinforced concrete buildings that were damaged in the earthquake. It has been also found that beams and slabs in reinforced concrete buildings are usually cast monolithically, so beams are more strengthened and rigid than expected. This leads to a result that when a building is subjected to lateral forces it will deform like a shear-building and most of failures happen in vertical members such as columns and walls.

Empirically, a function between 1F Column area ratio and collapse Peak Ground Acceleration PGA is presented. This function could be used for brief seismically estimation in low-rise reinforced concrete buildings with similar properties of structures and its behavior is similar to typical school buildings in Palestine.
In 2009, Tsung-Chih Chiou et all, issued a technical paper via conference of improving seismic performance of existing buildings and other structures, titled by "Seismic Assessment on In-situ School Testing in Taiwan Using Methodology of ASCE/SEI 41-06". Different methodologies, techniques were applied for evaluating seismic capacity of the existing school building, and the results of the evaluation with on-site tests were compared and discussed.

2.3 Seismic Assessment of RC Structures:

Also; "ATC & SEI 2009 Conference on Improving the Seismic Performance of Existing Buildings and Other Structures" issued a technical paper entitled " Seismic Assessment on In-situ School Testing in Taiwan Using Methodology of ASCE/SEI 41-06".

ASCE/SEI 41, as it is the standard for seismic rehabilitation of existing buildings, proposes seismic evaluation procedures for all reinforced concrete buildings. As it is mentioned before; on-site test results of existing school buildings in Taiwan were used to verify evaluation methodology via ASCE/SEI-41. The paper reporting on one on-site samples of 2-story, 2-classroom frame building, subjected to reversed-cyclic and pseudo-dynamic loading. Seismic capacity of the existing school building was evaluated, and compared with results of evaluation and on-site tests.

This paper, divided into three sections, was focusing on the experiments. The first section is devoted to the site experimental procedure, gaining all needed data processing and were studied on all buildings and structural health of buildings. 

In the second section, the experimental results obtained from school building site, samples were presenting and dealing with the observations and measurements gathered in progressive demolitions and their interpretation. 

In the third section, two methodologies for seismic assessment proposed by National Center for Research on Earthquake Engineering (NCREE) and ASCE/SEI-41 (ASCE 41-S1), respectively were applied to evaluate seismic capacity of existing school buildings, and the results of evaluation and site test were compared.
Erin Kueht et. All.2009; issued a paper entitled "Impact of Code Requirements in the Central United States: Seismic Performance Assessment of a Reinforced Concrete Building". This study confirms significant influence of seismic code of practice provisions with respect to performance of low and midrise reinforce concrete buildings in central of United States, and provides a real assessment of local potential deficiencies and faults that buildings designed to these specific codes in the central United States may have under both strong and/or moderate earthquakes.

2.4 Retrofitting; Rehabilitation Strategies:

In Istanbul; Turkey; C. Tuzun, C. Zulfikar, C. Yenidogan, U. Hancilar, M.E. Akdogan, and M. Erdik issued a technical paper in 2009 entitled "Parametric Evaluation of Seismic Retrofitting Techniques Applied to the Public-schools Buildings in Istanbul". Evaluation and assessment were applied on around 142 Turkish schools for the purpose of retrofitting solutions following the poor seismic performance of these buildings.

They were aiming to implement a procedure that leads to safeguarding Istanbul school and hospital buildings against a future expected earthquake in the area. The project scope was intended to protect many buildings as possible, using cost-effective methodologies, producing on-schedule and high-quality construction, and ensuring that the buildings meet main performance objectives. 

The Guidelines describe retrofitting methodologies that significantly improve the seismic performance of Istanbul school and hospital buildings. 

For remaining cost-effective, a certain level of damage is considered acceptable for school buildings, but Immediate Occupancy and Life Safety performance is highly likely. 

This Guidelines, supplemented to Turkish Earthquake Code were proposed for use specifically under scope of their program of development. These supplements are intended to increase confidence that prevents collapse and limiting damages. The overall objectives are minimizing the retrofit cost, achieving acceptable earthquake performance, and allowing evaluating more buildings.

Data gathered including the as-built condition of the structure, components, site conditions, and adjacent buildings were collected in sufficient detail. This information useful for structural identifying and nonstructural components that participate in lateral loads resisting, and potential seismic deficiencies in load-resisting components, as discontinuities in the load path, weak members and connections, building irregularities, and inadequate strength and deformation capacities. As-built condition evaluation was utilized as following:

· Construction plans and specifications, engineering analyses, and maintenance records.

· Field observation of exposed conditions.

· Destructive and nondestructive testing of selected building materials and components

· Data available from previous seismic evaluations and/or seismic retrofits.

· For historic and unique structures, the locations of historically significant features.

Many school, hospital, and government buildings in Istanbul use reinforced concrete moment resisting frames systems. There were many sub-groups within the same design group that has been identified. 

The main difference between the various subgroups is frames layout, number of blocks, structures geometry, and presence of walls. The following figures present schematic diagrams for some of these types:
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Figure ‎2‑4: Most common types of schools in Istanbul
The following is a brief description of the most common types of schools in Istanbul:

· Type-1; which is the most common school type in Istanbul. It is a regularly configured building. Typically, there is basement floor. There are also cases where an emergency staircase is attached. These buildings are from three to four stories height.

· Type-2 is one of the oldest school types in Istanbul. Almost, in this type; all Concrete school buildings have shear walls but, in some cases, it is found that no shear walls are provided. There are some cases where seismic gaps were found due to building this type near to other buildings.

· Type-3; is also one of oldest schools in Istanbul. It was usually constructed for trade or vocational high schools. The building has seismic joints separates blocks walls. 

· Type-5; is the common construction in Istanbul. This type of schools has a basement or has shear walls. Mat foundation application is rare in this type.

· Type-7; is generally used for governmental buildings but not schools. It has L-shape shear walls at corners. Seismic Gap separating the building into Two blocks.

· Type-10; are buildings having mat footings for main structure. Other blocks might also be supported on the same mat foundation. Also, all its Building blocks separated by seismic gap. The height and number of the floors vary with respect to existence of basement.

Key deficiencies and procedures of retrofitting for these mentioned structures for their main components summarized via following Table:

Table ‎2‑1: Key deficiencies and retrofit procedure for schools in Istanbul
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These guidelines were intended for used as an effective descriptive tool in assessing all of existing conditions, identifying all vulnerable components, and devising cost-effective retrofits; also:

· The Guidelines used performance-based engineering and which aiming to lead to a more realistic and specific assessment.

· It is planned that when these Guidelines is fully implemented, it will have significantly reducing for damages from seismic hazards in all Istanbul schools and hospitals.

In 2009, "Development of Guidelines and Effective Retrofit Strategies for Public Schools and Hospitals in Istanbul, Turkey", was a paper published by H. Kit Miyamoto et all. This paper shows methodologies in improving schools and hospitals implementation as guideline that reduces the level of damages and losses of lives in public buildings during disasters especially earthquakes. 

"Using Building Codes and Standards to Improve the Construction Quality and Safety" was a title of paper issued by Feifei CHENG in China in 2013. This paper discussed development, local use, and better application of building codes and standards in the real practice. It provided a good reference and guide for the implementation specialists and researchers to effectively and efficiently develop and implement building codes and standards based on their private circumstances. This paper will help us for making our own view for implementation of design based on international codes.

under a Title "Seismic Evaluation of Incremental Seismic Retrofitting Techniques for Typical Peruvian Schools" another technical paper was published by Gustavo Loa et al in 2017 via structural congress hold in Peru. The study aimed to focus on evaluating a low-cost retrofitting technique proposed by a previous study in accordance to the Incremental Retrofitting Methodology proposed by FEMA 395. The results of analysis revealed the effectiveness of the interventions in terms of economic values.

2.5 Seismic Design Concepts:
Structural building design for seismic loading cases is primarily concerned with structural safety during major earthquakes occurs, but serviceability and potential for economic loss are also of concern. Seismic loading always requires understanding of structural behavior that goes under large inelastic and cyclic deformations. Some structural damages can be expected when the building experiences design ground motions because -mostly- building codes allow inelastic energy dissipation in structural systems.

The seismic analysis and design of buildings has traditionally focused on reducing the risk of loss of life in the largest expected earthquake. Building codes have based their provisions on the historic performance of buildings and their deﬁciencies and have developed provisions around life safety concerns, (i.e., to prevent collapse under the most intense earthquake expected at a site during the life of a structure). These provisions are based on the concept that the successful performance of buildings in areas of high seismicity depends on a combination of strength, ductility manifested in the details of construction, and the presence of a fully interconnected, balanced, and complete lateral-force-resisting system. 
In regions of low seismicity, the need for ductility reduces substantially. In fact, in some instances, strength may even substitute for a lack of ductility. Very brittle lateral-force-resisting systems can be excellent performers as long as they are never pushed beyond their elastic strength.

Most seismic codes specify criteria for the design and construction of new structures subjected to earthquake ground motions with three goals: the first; minimize the hazard to life for all structures; the second; increase the expected performance of structures having a substantial public hazard due to occupancy or use; and the thirs; improve the capability of essential facilities to function after an earthquake.

Some structural damage can be expected as a result of design ground motion because the codes allow inelastic energy dissipation in the structural system. For ground motions in excess of the design levels, the intent of the codes is for structures to have a low likelihood of collapse.

In most structures that are subjected to moderate-to-strong earthquakes, economical earthquake resistance is achieved by allowing yielding to take place in some structural members. It is generally impractical as well as uneconomical to design a structure to respond in the elastic range to maximum expected earthquake-induced inertia forces. Therefore, in seismic design, yielding is permitted in predetermined structural members or locations, with the provision that the vertical load-carrying capacity of the structure is maintained even after strong earthquakes.

Structures that contain facilities critical to post earthquake operations such as hospitals, schools, ﬁre stations, power plants, and communication centers—must not only survive without collapse, but must also remain operational after an earthquake. Therefore, in addition to life safety, damage control is an important design consideration for structures deemed vital to post earthquake functions.

In general, most earthquake code provisions implicitly require that structures be able to resist:
1. Minor earthquakes without any damage.
2. Moderate earthquakes with negligible structural damage and some nonstructural damage.
3. Major earthquakes with some structural and nonstructural damage but without collapse. The structure is expected to undergo fairly large deformations by yielding in some structural members.
Earthquake forces result directly from the distortions induced by the motion of the ground on which the structure rests. The magnitude and distribution of forces and displacements resulting from ground motion is inﬂuenced by the properties of the structure and its foundation, as well as the character of the ground motion.

An idea of the behavior of a building during an earthquake may be grasped by considering the simpliﬁed response shape shown in next figure. 
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Figure ‎2‑5: Behavior of a building during earthquakes
As the ground on which the building rests is displaced, the base of the building moves with it. However, the building above the base is reluctant to move with it because the inertia of the building mass resists motion and causes the building to distort. This distortion wave travels along the height of the structure, and with continued shaking of the base, causes the building to undergo a complex series of oscillations.

Although seismic forces are essentially dynamic, there is a fundamental difference in the manner in which they are induced in a structure. Any other loads, applied as external loads, are characteristically proportional to the exposed surface of a structure, while the earthquake forces are principally internal forces resulting from the distortion produced by the inertial resistance of the structure to earthquake motions.

The magnitude of earthquake forces is a function of the mass of the structure rather than its exposed surface. Whereas in wind design, one would feel greater assurance about the safety of a structure made up of heavy sections, in seismic design, this does not necessarily produce a safer design.
2.5.1 Building Behavior
The behavior of a building during an earthquake is a vibration problem. The seismic motions of the ground do not damage a building by impact or by externally applied pressure, but by internally generated inertial forces caused by vibration of the building mass. 
An increase in mass has two undesirable effects on the earthquake design. First, it results in an increase in the force, and second, it can cause buckling or crushing of columns and walls when the mass pushes down on a member bent or moved out of plumb by the lateral forces. This effect is known as the P-Δ effect and the greater the vertical forces, the greater the movement due to P-Δ. 
In general, tall buildings respond to seismic motion differently than low-rise buildings. The magnitude of inertia forces induced in an earthquake depends on the building mass, ground acceleration, the nature of the foundation, and the dynamic characteristics of the structure (see next figure). 
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Figure ‎2‑6: Schematic representation of seismic forces
If a building and its foundation were inﬁnitely rigid, it would have the same acceleration as the ground: the inertia force F for a given ground acceleration a may be calculated by Newton’s law F = Ma, where M is the building mass. 
For a structure that deforms only slightly, thereby absorbing some energy, the force F tends to be less than the product of mass and ground acceleration. 
Tall buildings are invariably more ﬂexible than low-rise buildings, and in general, experience much lower accelerations than low-rise buildings. But a ﬂexible building subjected to ground motions for a prolonged period may experience much larger forces if its natural period is near that of the ground waves. Thus, the magnitude of lateral force is not a function of the acceleration of the ground alone, but is inﬂuenced to a great extent by the type of response of the structure itself and its foundation as well. 
The intensity of ground motion reduces with the distance from the epicenter of the earthquake. 
The reduction, called attenuation, occurs at a faster rate for higher-frequency (short-period) components than for lower-frequency (long-period) components. The cause of the change in attenuation rate is not understood, but its existence is certain. This is a signiﬁcant factor in the design of tall buildings, because a tall building, although situated farther from a causative fault than a low-rise building, may experience greater seismic loads because long-period components are not attenuated as fast as the short-period components. Therefore, the area inﬂuenced by ground shaking potentially damaging to, say, a 50-story building is much greater than for a 1-story building.
2.5.2 Soil Impact:
The seismic motion that reaches a structure on the surface of the earth is inﬂuenced by local soil conditions. The subsurface soil layers underlying the building foundation may amplify the response of the building to earthquake motions originating in the bedrock. It is possible that a number of underlying soil layers can have a period similar to the period of vibration of the structure. Low- to mid-rise buildings typically have periods in the 0.10 to 1.0 sec range, whereas taller, more ﬂexible buildings have periods between

1 and 5 sec or greater. Harder soils and bedrock will efﬁciently transmit short-period vibrations (caused by near ﬁeld earthquakes) while ﬁltering out longer-period vibrations (caused by distant earthquakes), whereas softer soils will transmit longer-period vibrations.

As a building vibrates due to ground motion, its acceleration will be ampliﬁed if the fundamental period of the building coincides with the period of vibrations being transmitted through the soil. This ampliﬁed response is called resonance. Natural periods of soil are in the range of 0.5 to 1.0 sec. Therefore, it is entirely possible for the building and ground

to have the same fundamental period. This was the case for many 5- to 10-story buildings in the September, 1985 earthquake in Mexico City. An obvious design strategy is to ensure that buildings have a natural period different from that of the expected ground vibration to prevent ampliﬁcation.
2.5.3 Building Motions and Deﬂections

Earthquake-induced motions, even when they are more violent than those induced by wind, evoke a totally different human response; ﬁrst, because earthquakes occur much less frequently, and second, because the duration of motion caused by an earthquake is generally short. 
Lateral deﬂections that occur during earthquakes should be limited to prevent distress in structural members and architectural components. Non-load-bearing in-ﬁlls, external wall panels, and window glazing should be designed with sufﬁcient clearance or with ﬂexible supports to accommodate the anticipated movements.

2.5.4 Building Drift

Drift is generally deﬁned as the lateral displacement of one ﬂoor relative to the ﬂoor below. Drift control is necessary to limit damage to interior partitions, elevator and stair enclosures, glass, and cladding systems. Stress or strength limitations in ductile materials do not always provide adequate drift control, especially for tall buildings with relatively ﬂexible moment-resisting frames or narrow shear walls.

Total building drift is the absolute displacement of any point relative to the base. Adjoining buildings or adjoining sections of the same building may not have identical modes of response, and therefore may have a tendency to pound against one another. Building separations or joints must be provided to permit adjoining buildings to respond independently to earthquake ground motion.
2.5.5 Main Steps of seismic Design 
An effective seismic design generally includes:
1. Selecting an overall structural concept including layout of a lateral-force-resisting system that is appropriate to the anticipated level of ground shaking. This includes providing a redundant and continuous load path to ensure that a building responds as a unit when subjected to ground motion.
2. Determining code-prescribed forces and deformations generated by the ground motion, and distributing the forces vertically to the lateral-force-resisting system. The structural system, conﬁguration, and site characteristics are all considered when determining these forces.
3. Analysis of the building for the combined effects of gravity and seismic loads to verify that adequate vertical and lateral strength and stiffness are achieved to satisfy the structural performance and acceptable deformation levels pre- scribed in the governing building code.
4. Providing details to assure that the structure has sufﬁcient inelastic deform- ability to undergo fairly large deformations when subjected to a major earth- quake. Appropriately detailed members possess the necessary characteristics to dissipate energy by inelastic deformations.
2.5.6 Structural Response

If the base of a structure is suddenly moved, as in a seismic event, the upper part of the structure will not respond instantaneously, but will lag because of the inertial resistance and ﬂexibility of the structure. The resulting stresses and distortions in the building are the same as if the base of the structure were to remain stationary while time-varying horizontal forces are applied to the upper part of the building. These forces, called inertia forces, are equal to the product of the mass of the structure times acceleration, i.e., F = ma (the mass m is equal to weight divided by the acceleration of gravity, i.e., m = w/g). Because earthquake ground motion is three-dimensional (one vertical and two horizontal), the structure, in general, deforms in a three-dimensional manner. Generally, the inertia forces generated by the horizontal components of ground motion require greater consideration for seismic design since adequate resistance to vertical seismic loads is usually provided by the member capacities required for gravity load design. In the equivalent static procedure, the inertia forces are represented by equivalent static forces.

2.5.7 Load Path

Buildings are generally composed of vertical and horizontal structural elements. The vertical elements commonly used to transfer lateral forces to the ground are: 1) shear walls; 2) braced frames; and 3) moment-resisting frames. The horizontal elements that distribute lateral forces to the vertical elements are: 1) diaphragms, such as ﬂoor and roof slabs; and 2) horizontal bracing that transfers large shears from discontinuous walls or braces. The seismic forces that are proportional to the mass of the building elements are considered to act at their centers of mass. 
All of the inertia forces originating from the masses on and off the structure must be transmitted to the lateral force-resisting elements, and then to the base of the structure and into the ground.

A complete load path is a basic requirement for all buildings. There must be a complete lateral-force-resisting system that forms a continuous load path between the foundation, all diaphragm levels, and all portions of the building for proper seismic performance. The general load path is as follows; seismic forces originating throughout the building, mostly in the heavier mass elements such as diaphragms, are delivered through connections to horizontal diaphragms; the diaphragms distribute these forces to vertical force-resisting elements such as shear walls and frames; the vertical elements transfer the forces into the foundation; and the foundation transfers the forces into the supporting soil.

If there is a discontinuity in the load path, the building is unable to resist seismic forces regardless of the strength of the elements. Interconnecting the elements needed to complete the load path is necessary to achieve good seismic performance. Examples of gaps in the load path would include a shear wall that does not extend to the foundation, a missing shear transfer connection between a diaphragm and vertical elements, a discontinuous chord at a diaphragm’s notch, or a reentrant corner, or a missing collector.
2.5.8 Demands of Earthquake Motions

Seismic loads result directly from the distortions induced in the structure by the motion of the ground on which it rests. Base motion is characterized by displacements, velocities, and accelerations that are erratic in direction, magnitude, duration, and sequence. Earth- quake loads are inertia forces related to the mass, stiffness, and energy-absorbing (e.g., damping and ductility) characteristics of the structure. 
During its life, a building located in a seismically active zone is generally expected to go through many small, some moderate, one or more large, and possibly one very severe earthquake. In general, it is uneconomical or impractical to design buildings to resist the forces resulting from large or severe earthquakes within the elastic range of stress. In severe earthquakes, most buildings are designed to experience yielding in at least some of their members. The energy-absorption capacity of yielding will limit the damage to properly designed and detailed buildings. These can survive earthquake forces substantially greater than the design forces associated with an allowable stress in the elastic range.
2.5.9 Response of Elements Attached to Buildings

Elements attached to the ﬂoors of buildings (e.g., mechanical equipment, ornamentation, piping, nonstructural partitions) respond to ﬂoor motion in much the same manner as the building responds to ground motion. However, the ﬂoor motion may vary substantially from the ground motion. 
The high-frequency components of the ground motion tend to be ﬁltered out at the higher levels in the building, whereas the components of ground motion that correspond to the natural periods of vibrations of the building tend to be magniﬁed. 
If the elements are rigid and are rigidly attached to the structure, the forces on the elements will be in the same proportion to the mass as the forces on the structure. But elements that are ﬂexible and have periods of vibration close to any of the predominant modes of the building vibration will experience forces in proportion substantially greater than the forces on the structure.
2.5.10  Seismic Design Tanique
Since earthquakes can occur almost anywhere, some measure of earthquake resistance in the form of reserve ductility and redundancy should be built into the design of all structures to prevent catastrophic failures. The magnitude of inertial forces induced by earthquakes depends on the building mass, ground acceleration, and the dynamic response of the structure. 
The shape and proportion of a building have a major effect on the distribution of earthquake forces as they work their way through the building. If irregular features are unavoidable, special design considerations are required to account for load transfer at abrupt changes in structural resistance. 

Two approaches are recognized in modern codes for estimating the magnitude of seismic loads. The first approach, termed the equivalent lateral force procedure, uses a simple method to take into account the properties of the structure and the foundation material. The second is a dynamic analysis procedure in which the modal responses are combined in a statistical manner to find the maximum values of the building response. Note that the level of force experienced by a structure during a major earthquake is much larger than the forces usually employed in the design. However, by prescribing detailing requirements, the structure is relied upon to sustain post-yield displacements without collapse.

The complex and random nature of ground motion makes it necessary to work with a more general characterization of ground motion. This is achieved by using earthquake response spectra to postulate the intensity and vibration content of ground motion at a given site.

As the ground displaces, a building will follow and vibrate. The vibration produces deformations with associated strains and stresses in the structure. Computation of dynamic response to earthquake ground shaking is complex. 
As a simplification. the concept of a response spectrum is used in practice. A response spectrum for specific earthquake ground motion does not reflect the total time history of response, but only approximates the maximum value of response for simple structures to that ground motion. The design response spectrum is a smoothed and normalized approximation for many different ground motions, adjusted at the extremes for characteristics of larger structures.

Multistory buildings are analyzed as multi-degree-of-freedom systems. They are represented by lumped masses at story intervals along the height of a vertically cantilevered pole. Each mode of the building system is represented by an equivalent single-degree-of freedom system using the concept of generalized mass and stiffness. With the known period, mode shape, mass distribution, and acceleration, one can compute the deflected shape, story accelerations, forces, and overturning moments. Each predominant mode is analyzed separately, and by using either the SRSS or CQC method, the peak modal responses are combined to give a reasonable value between an upper bound as the absolute sum of the modes and a lower bound as the maximum value of a single mode.

The time-history analysis technique represents the most sophisticated method of dynamic analysis for buildings. In this method, the mathematical model of the building is subjected to full range of accelerations for the entire duration of earthquake by using earthquake records that represent the expected earthquake at the base of the structure. The equations of motion are integrated by using computers to obtain a complete record of acceleration, velocity, and displacement of each lumped mass. The maximum value is found by scanning the output record. Even with the availability of sophisticated computers, use of this method is restricted to the design of special structures such as nuclear facilities, military installations, and base-isolated structures.

In seismic design, nearly elastic behavior is interpreted as allowing some structural elements to slightly exceed specified yield stress on the condition that the elastic linear behavior of the overall structure is not substantially altered. For a structure with a multiplicity of structural elements forming the lateral-force-resisting system, the yielding of a small number of elements will generally not affect the overall elastic behavior of the structure if excess load can be distributed to other structural elements that have not exceeded their yield strength.

3 General Statistics: 

3.1  Overview

As mentioned in previous chapters; this is investigation of public schools in Palestine, and so it is very important for making general view that helps us in studying school's properties and its components from structural point view.

Description will focus on dimensions and structural assumptions and behavior of all designs that represent the local practice in several regions and circumstances in Palestine. Such as:

· Columns dimensions.

· Class rooms dimensions.

· Floor Areas.

· No. of stories.

· Structural System.

· Slabs System.

· Beams Dimensions.

3.2 Dimensions and layout:

Scanning on design drawings of around 30 schools' buildings in Palestine, showed that most of schools are of 3 stories in average, with a height of about 3m for each story as following and as shown in the following figure:
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Figure ‎3‑1: Statistics for Stories properties of schools in Palestine
Also, about the column's dimensions, it is found that most of main column is about 30 cm in width and at the same layout, also the lengths of columns found to be 60 cm in most of schools, the statistics that done shows the following:
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Figure ‎3‑2: Statistics for Columns widths of schools in Palestine
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Figure ‎3‑3: Statistics for Columns Lengths of schools in Palestine
Also; about the main beam's properties of slabs in public school structures; Mostly, the dimensions of beams widths are 25 cm and the depths of beams are 60 cm; which is as followings:
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Figure ‎3‑4: Statistics for Beams cross section widths of schools in Palestine
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Figure ‎3‑5: Statistics for Beams cross section lengths of schools in Palestine
While calculating the steel ratios of Columns based on longitudinal reinforcements with respect to cross section areas of columns; the most ratios of steel are about (ρ = 0.013) in average -showing in next figure-, this value 0.013 is close the minimum steel ratio which is 0.01 and far from the maximum allowable steel ratio of columns that is 0.07.
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Figure ‎3‑6: Statistics for Columns Steel ratios of schools in Palestine
And about steel ratios of slab beams based on longitudinal reinforcements with respect to cross section areas of beams; the most ratios of steel are about (ρ = 0.0055 to 0.0085) in average; which is found as followings:
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Figure ‎3‑7: Statistics for Beams Steel ratios of schools in Palestine
3.3 Structural Systems:

The structural systems used in schools was found to be mostly as mentioned in the introduction as moment resisting frames with secondary reinforced walls which are only located in staircases, and the schools that were found to be of bearing walls schools were those that were retrofitted and funded by international organizations:
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Figure ‎3‑8: Statistics for Structural Systems of schools in Palestine
The structural systems of slabs that will be discussed in the following chapters is either Solid slabs or Ribbed slabs; but the most practice in Palestine it is the one-way ribbed slab systems. The following figure shows the results of scanning: 
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Figure ‎3‑9: Statistics for types of Slabs used in schools in Palestine
3.4 Other Findings:

As a result of scanning procedures, it has been found that there are some results can be useful for our research and provide closed view of all components of school buildings:

· Most of Partition Walls are masonry block walls without reinforcements except some lintels and jambs of doors and windows. Also it is found that these partitions walls are not separated from the frames system but are attached to the frames with cold joint.

· Types of Joints (Special MRF):
It has been found that all detailing's of joints comply with the requirements of joints mentioned in Special Moment Resistance Frames System (MRF).

· Concrete strength of Moment resisting Frames is 23.5 kN/cm2 strength for all columns and beams and all other components (Compression strength of 300 kg/cm2 – for cylinder).

· No Circular Columns found in all structures and a bit of square columns used; remnant columns are rectangular in its cross sections.

· Some schools are attached to retaining walls; which is part of retaining wall as MRF. 

· Height of school buildings with respect to its length is 30% as maximum value.

· Expansions joints and other joints are found in most of structures.

· Non-Structural Elements were found at roof of structures.

· All stair cases are made by reinforced concrete walls.

· Some of schools are made of stone walls building without attachments to the frames or concrete walls besides. 

3.5 Summary of all statistics:

As a summary of previous sections, the scanned data can be summarized in the following table that will be used in analysis chapters in this research:

Table ‎3‑1: Statistics Summary for structural properties of schools in Palestine

	Number of Stories
	3 stories

	Story Height
	3m

	Columns dimensions
	60 x 30 cm

	Slab Beams Dimensions
	60 x 25 cm

	Columns Steel Ratios
	0.013

	Beams Steel Ratios
	0.0055

	Structural Systems
	MRF

	Slabs Systems
	Ribbed

	Secondary Walls
	Masonry type


4 Topographic Comparisons and Calculations: 

4.1  Overview:

Based on all data gained from the drawings of public schools in Palestine that was scanned and viewed in previous chapter; three schools were selected from three different topographic regions (Ramallah, Qlaqilyah; and Jericho).

Jericho; represents the sever soil versus seismicity behavior that is closed to the fault. Ramallah; represents moderate conditions of which is the at middle regions. While Qlaqilyah; represents mild and ordinary soil seismicity that is far from the fault for southern regions.

These three schools are put under calculations and assessments based on the requirements of ASCE07-10 and IBC-2015 Codes.
4.1.1 Force Deformation Shape:

Old and Past experience and observation of building behavior following earthquakes and seismic design has shown that a structure can be designed economically for a fraction of the estimated elastic seismic design forces, while maintaining the basic life safety performance objective (SEAOC Seismology Committee 2008).

This philosophy of Design indicates that inelastic behavior and damage of structure can be expected. This reduction in seismic force design is affected and has direct impact through using Seismic Response Modification Factor, R. 

The intent of (R) factor is to simplify the structural process of design such that only linearly elastic static analysis (i.e., equivalent lateral force procedure) is mostly needed for the design of any building.

To provide ductility, while controlling of member deformation expected to deform inelastically; force-controlled members -that are designed to remain elastic- would experience a significantly higher seismic force level than that predicted in term of actual forces of seismic design. 

Accounting this effect, the code uses a seismic force amplification factor, called Ωo, such that the realistic seismic force in these force-controlled members can be conveniently calculated from the elastic design seismic forces. 

Ωo termed in ASCE07 as the Structural Overstrength Factor controlling drift or checking deformation capacity in some deformation-controlled members, a similar approach is also adopted. A Deflection Amplification Factor is generated for predicting expected maximum deformations from that produced by the design seismic forces. This factor is termed as Cd in ASCE07.

The typical response envelope relating force to deformation is shown in the following figure which can be established from either testing or a pushover analysis (also known as a “backbone curve"). 
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Figure ‎4‑1: In-elastic Force Deformation Shape
First; the structure has elastic responding, which then followed by inelastic response as increasing of the lateral forces occur. A series of plastic hinges form throughout the structure, leading to a yielding mechanism at point of strength level called Vy.

The method of design follows a simplified process. In Accordance to the fundamental linear elastic period of the structure, a designer first calculates the elastic design base shear, Ve (see point E in previous figure). Ve is then reduced by R factor, establishing a design seismic force level Vs (point S in previous figure), beyond which elastic analysis is not valid. 

For estimating internal forces that are developed in force-controlled members for capacity design, the corresponding forces at the design seismic force level (Vs) are then amplified using overstrength factor, Ωo. 

From elastic analysis, the drift at Vs level is determined through the amplification of displacement values by a deflection amplification factor, Cd to estimate the maximum (inelastic) drift; which is limited by building code values.

The purpose of any apparent change is to provide a rational relationship between response spectrum demand and the inelastic response reduction capabilities of a given structural system.

4.2 Ramallah Region School (Moderate Conditions):

In this section; "Shoqba School" will be put under assessment by its topography and get the results according to codes of Practice of ASCE07-10 and IBC-2015 as following:
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Figure ‎4‑2: Seismic Map
4.2.1 Site Classification:


In this section calculation of seismicity factor of zones in Palestine Seismic Zone Map as following:

Site Mapped Acceleration parameters Ss & S1:
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Using Seismic Map of Palestine; Z in Ramallah is equal to 0.18 (2A), So:
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Also; for computing Soil classification; it shall be referred to table 20.3-1 (ASCE7-16):
Bearing Capacity for soil at school region equals to 2.3 Kg/cm2 (gained from drawings), and per mentioned table the site class will be Type (C) as following:
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Figure ‎4‑3: Site Classification
4.2.2 Site Coefficients and Risk-Targeted:

The spectral response acceleration parameter for short periods (SMS) and at 1 second (SM1), adjusted for Site Class effects, shall be determined by Eqs. 11.4-1 and 11.4-2 (ASCE07-10), respectively.
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Fa and Fv computed by the following table:
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Figure ‎4‑4: Site Coefficient Fa
By interpolation; Ss=0.45 and Site Class type C we get:
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By interpolation; S1=0.27 and Site Class type C we get:
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Figure ‎4‑5: Site Coefficient Fv
Accordingly; we Found; 
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4.2.3 Design Spectral Acceleration Parameters

Design earthquake spectral response acceleration parameter at short period, SDS, and at 1 s period, SD1, shall be determined from equations 11.4-3 and 11.4-4, respectively

And Referring to section 11.4.5 in ASCE7-16:

For 10% probability;
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Then we calculate;
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Figure ‎4‑6: Design Response Spectra
4.2.4 Risk Category:

Referring to ASCE07-10 Table 1.5-1 the risk category is (III):
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Figure ‎4‑7: Risk Category
Then; Referring to tables (11.6-1 and 11.6-2) in ASCE7-16 and using SDS= 0.54; SD1= 0.35, and in condition of that schools lay on (III) so it is found that category of risk shall be (D):
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Figure ‎4‑8: Short Period/Seismic Design Category
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Figure ‎4‑9:  1 sec. Period/Seismic Design Category
4.2.5  Seismic importance factor;

Refer to table 1.5-2 in ASCE07-10; it is found that seismic importance factor will be 1.25:
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Figure ‎4‑10: Importance Factor
4.2.6 Seismic Design Category. 

Referring to the next table (table 11.6 in ASCE 7-10); it is found that the seismic force resisting system shall be "Special Moment resisting Frames":
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Figure ‎4‑11: Seismic Force Resisting System
4.2.7 Permitted analytical Procedure:

Referring to table 12.6-1 in ASCE 7-10; it is found that all procedures of analysis are permitted except "Equivalent Lateral Force" Procedure, see table:
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Figure ‎4‑12: Permitted Analytical Procedures
4.3 Qalqilyah Region School (Mild Conditions):

Here are; "Nabi-Elias School" in Qalqilyah will be put under assessment by its topography and get the results according to codes of Practice of ASCE07-10 and IBC-2015 as following:
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Figure ‎4‑13: Seismic Map of Palestine
4.3.1 Site Classification:


In this section calculation of seismicity factor of zones as Qalqilya lays via Palestine Seismic Zone Map as following:

Site Mapped Acceleration parameters Ss & S1:
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Using Seismic Map of Palestine; Z in Qalqilya is equal to 0.15 (2A), So:
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Also; for computing Soil classification; it shall be referred to table 20.3-1 (ASCE7-16):
Bearing Capacity for soil at school region equals to 4 Kg/cm2 (gained from drawings), and per mentioned table the site class will be Type (B) as following:
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Figure ‎4‑14: Site Classification
4.3.2 Site Coefficients and Risk-Targeted:

The spectral response acceleration parameter for short periods (SMS) and at 1 second (SM1), adjusted for Site Class effects, shall be determined by Eqs. 11.4-1 and 11.4-2 (ASCE07-10), respectively.
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Fa and Fv equals 1 and was computed by the following table:
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Figure ‎4‑15: Site Coefficient Fa
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Figure ‎4‑16: Site Coefficient Fv
Accordingly; we Found; 
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4.3.3 Design Spectral Acceleration Parameters:

Design earthquake spectral response acceleration parameter at short period, SDS, and at 1 s period, SD1, shall be determined from equations 11.4-3 and 11.4-4, respectively

And Referring to section 11.4.5 in ASCE7-16:

For 10% probability;
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Then we calculate;
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Figure ‎4‑17: Design Response Spectra
4.3.4 Risk Category:

Referring to ASCE07-10 Table 1.5-1 the risk category is (III):
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Figure ‎4‑18: Risk Category
Then; Referring to tables (11.6-1 and 11.6-2) in ASCE7-16 and using SDS= 0.375 and SD1= 0.188 and in condition of that schools lay on (III) so it is found that the category of risk that shall be (B):
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Figure ‎4‑19: Short Period/Seismic Design Category
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Figure ‎4‑20: 1 sec.  Period/Seismic Design Category
4.3.5  Seismic importance factor;

Refer to table 1.5-2 in ASCE07-10; it is found that seismic importance factor will be 1.25 as following:

[image: image81.png]Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance Ice Importance Seismic
Category from Importance Factor— Factor—Wind, Importance
Table 1.5-1 Factor, I Thickness, I; 1y, Factor, I,
1 0.80 0.80 1.00 1.00

11 1.00 1.00 1.00 1.00
111 1.10 1.15 1.00 1.25
v 1.20 125 1.00 1.50

Note: The component importance factor, /,,, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.




Figure ‎4‑21: Importance Factor
4.3.6 Seismic Design Category. 

Referring to the next table (table in ASCE 7-10); it is found that the seismic force resisting system shall be as Intermediate Moment resisting Frames:
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Figure ‎4‑22: Seismic Force Resisting System
4.3.7 Permitted analytical Procedure:

Referring to table 12.6-1 in ASCE 7-10; it is found that all procedures of analysis are permitted except "Equivalent Lateral Force" Procedure, see table:

[image: image83.png]Table 12.6-1 Permitted Analytical Procedures

Modal Response Spectrum

Seismic Equivalent Lateral Analysis, Section 12.9.1, or Nonlinear Response
Design Force Procedure, Linear Response History History Procedures,
Category Structural Characteristics Section 12.8° Analysis, Section 12.9.2° Chapter 16°
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5b in Table 12,32
All other structures NP P P

“P: Permitted; NP: Not Permitted; 7, =Sp, /Sps.




Figure ‎4‑23: Permitted Analytical Procedure
4.4 Jericho Region School (sever Conditions):

In this section; "Terra-Santa School" in Jericho will be put under assessment by its topography and get the results according to codes of Practice of ASCE07-10 and IBC-2015 as following:

[image: image84.png]



Figure ‎4‑24: Seismic Map of Palestine
4.4.1 Site Classification:


In this section calculation of seismicity factor of zones as Jericho lays via Palestine Seismic Zone Map as following:
Site Mapped Acceleration parameters Ss & S1:
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Using eismic Map of Palestine; Z in Jericho is equal to 0.30 (3), So:
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Also; for computing Soil classification; it shall be referred to table 20.3-1 (ASCE7-16):
Bearing Capacity for soil at school region equals to 0.95 Kg/cm2 (gained from drawings), and per mentioned table the site class will be Type (D) as following:
Bearing Capacity = [image: image90.png]95 KN /m?
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[image: image92.png]Site Class. v, NorNa 5
A, Hard rock 5,000 fUs NA NA
B. Rock 2,500 to 5,000 fUs NA NA
C. Very dense soil and soft rock. 1,200 10 2,500 fUs >50 52,000 psf.
D. Stiff soil 600 10 1,200 fus 151050 1,000 to 2,000 pst
E. Soft clay soil <600 fUs <15 <1,000 psf.

F. Soils requiring site response analysis
in accordance with Section 21.1

Any profile with more than 10 ft of soil having the following characteristcs:
—Plasicity index PI > 20,

—Moisture content w > 40%,

—Undrained shear strength 5, < 500 psf

See Section 20.3.1

For SI: 1 fUs = 03048 mis; 1 IbiE = 0.0479 KN/




Figure ‎4‑25: Site Classification
4.4.2 Site Coefficients and Risk-Targeted:

The spectral response acceleration parameter for short periods (SMS) and at 1 second (SM1), adjusted for Site Class effects, shall be determined by Eqs. 11.4-1 and 11.4-2 (ASCE07-10), respectively.

[image: image93.png]Syc = E, xS,
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Fa and Fv computed by the following tables: 
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Figure ‎4‑26: Site Coefficient Fa
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Figure ‎4‑27: Site Coefficient Fv
By matching and interpolation, it is found that:
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Accordingly; we Found; 

[image: image99.png]Syc=F xS. =12+ 0.75 = 0.90
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4.4.3 Design Spectral Acceleration Parameters:

Design earthquake spectral response acceleration parameter at short period, SDS, and at 1 s period, SD1, shall be determined from equations 11.4-3 and 11.4-4, respectively

And Referring to section 11.4.5 in ASCE7-16:

For 10% probability;
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Then we calculate;
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Figure ‎4‑28: Design Response Spectra
4.4.4 Risk Category:

Referring to ASCE07-10 Table 1.5-1 the risk category is (III):

[image: image106.png]Table 1.5-1 Risk Category of Buildings and Other Structures for
Flood, Wind, Snow, Earthquake, and Ice Loads

Use or Occupancy of Buildings and Structures Risk Category
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Category IV, with potential to cause a substantial economic
impact and/or mass disruption of day-to-day civilian life in
the event of failure

Buildings and other structures not included in Risk Category
1V (including, but not limited to, facilities that manufacture,
process, handle, store, use, or dispose of such substances as
hazardous fuels, hazardous chemicals, hazardous waste, or
explosives) containing toxic or explosive substances where
the quantity of the material exceeds a threshold quantity
established by the Authority Having Jurisdiction and is
sufficient to pose a threat to the public if released”

Buildings and other structures designated as essential v
facilities
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pose a substantial hazard to the community
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functionality of other Risk Category IV structures

“Buildings and other structures cor ing toxic, highly toxic, or explosive
substances shall be eligible for classification to a lower Risk Category if it can
be demonstrated to the satisfaction of the Authority Having Jurisdiction by a
hazard assessment as described in Section 1.5.3 that a release of the sub-
stances is commensurate with the risk associated with that Risk Category.





Figure ‎4‑29: Risk Category
Then; Referring to tables (11.6-1 and 11.6-2) in ASCE7-16 and using SDS= 0.375 and SD1= 0.619 and in condition of that schools lays on (III) so it is found that the category of risk that shall be (D):
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Figure ‎4‑30: Short Period/Seismic Design Category
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Figure ‎4‑31: 1 sec. Period/Seismic Design Category
4.4.5  Seismic importance factor;

Refer to table 1.5-2 in ASCE07-10; it is found that seismic importance factor will be 1.25 as following:
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Note: The component importance factor, /,,, applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.




Figure ‎4‑32: Importance Factor
4.4.6 Seismic Design Category. 

Referring to the next table (Table in ASCE 7-10); it is found that the seismic force resisting system shall be considered as "Special Moment resisting Frames":
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Figure ‎4‑33: Seismic Force Resisting System
4.4.7 Permitted analytical Procedure:

Referring to table 12.6-1 in ASCE 7-10; it is found that all procedures of analysis are permitted except "Equivalent Lateral Force" Procedure, see table:
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Figure ‎4‑34: Permitted Analytical Procedure
4.5 Summary of All Typical Schools:

Similar to all calculations mentioned in previous sections the following; table represent a summary of the typical schools that displaying all results found by code of practice in Palestine and all its category.  
Table ‎4‑1: Summary of All Types schools in Palestine.
	
	
	Nabi-Elias School
	Shoqba School
	Terra Santa School

	Region:
	
	Qalqilya
	Ramallah
	Jericho

	Height from Sea level:
	
	+180.00
	+305.00
	-245.00

	Soil Bearing Capacity:
	
	4 kg/cm2
	2.3 kg/cm2
	0.98 kg/cm2

	Type of Rock:
	
	 
	Marlstone
	 

	
	Z=
	0.150
	0.180
	0.300

	
	Ss
	0.375
	0.450
	0.750

	
	S1
	0.188
	0.225
	0.375

	
	Site Class
	B
	C
	D

	
	Fa
	1
	1.2
	1.2

	
	Fv
	1
	1.53
	1.65

	
	SMS
	0.375
	0.54
	0.90

	
	SM1
	0.188
	0.35
	0.62

	For 10% probability:
	
	 
	 
	 

	
	SDS
	0.375
	0.54
	0.90

	
	SD1
	0.188
	0.35
	0.62

	
	To 
	0.100
	0.128
	0.138

	
	TS
	0.500
	0.638
	0.688

	Risk Category
	
	III
	III
	III

	
	Type
	C
	D
	D

	Importance factor
	
	1.25
	1.25
	1.25

	ASCE 7-10 table 12.6-1
	
	ELF (NP)
	ELF (NP)
	ELF (NP)

	ASCE 7-10 table 12.2-1
	
	Intermediate MRF
	Special MRF
	Special MRF

	Response Modification Coefficient (R)
	R
	5
	8
	8

	Overstrength Factor
	Ωo
	3
	3
	3

	Deflection Amplification Factor
	Cd
	4.5
	5.5
	5.5


4.5.1 Design Response Spectra:

The Following chart Summarize the response spectral for the three typical schools;

[image: image112.jpg]Jericho
Qalgilya
Ramallah

Ao
«x2
(=4
s
o}
2
g o
S 3
Q =
o ]
< a

0.688
0.638
0.500

0138
0.128
0.100





Figure ‎4‑35: Design Response spectra for Samples of schools in Palestine
5 Main Requirements of MRF: 

5.1 Moment Resisting Frames:
In pursuant to all previous preview of schools in Palestine; It is an important to make a review of main requirements of moment resistance frames systems (MRF) as per code of practice which is ACI-318-14.

So; the following sections will discuss the minimum requirements of school's systems that shall be regarded during design procedure of assessments of existing structures of thus buildings.

5.1.1 Ordinary Moment Resisting Frames (MRF):

It is found that ordinary moment resisting frames have the same design requirement of all other seismic-designed structures but with slight differences mainly as following:
· As per section 18.3.2 in ACI-318-14; the Beams in moment resisting frames (MRF) structures shall have not less than two continuous bars at both top and bottom faces. 

Also; the minimum two continuous bottom bars shall have section areas (as minimum) one-fourth maximum area sections of all bottom bars along the span in every section of beam. 
In addition to mentioned above; These bars shall be anchored to develop Fy as tension at all faces of beams at supports.
The following Figure showing the mentioned case.
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Figure ‎5‑1: Continuous bars in Ordinary MRF
5.1.2 Intermediate Moment Resisting Frames (MRF):

The conditions that shall be regarded for Intermediate Moment Resisting Frames are as following; which includes all ordinary moment resisting fames conditions:

5.1.2.1 Conditions for Beams:

· As per section 18.4.2.1 in ACI318-14; all Beams shall have in a minimum two continuous bars at both top and bottom faces of beam. Also, as per ordinary MRF; the continuous bottom bars shall have area (as minimum) one-fourth the maximum area of bottom bars along the span in all beams. As the same as shown in previous figure.
At same conditions of that in Ordinary MRF.
· Also; and as per item 18.4.2.2 in ACI318-14 it is indicated that positive moment strength at face of joint shall be as minimum value one-third the negative moment strength that provided at that face of beam joint. 
With condition of that neither the negative nor the positive moment strength at any section along the length of the beam shall be minimum of one-fifth the maximum moment strength provided at face of either joint.

· And per item 18.4.2.4 in ACI318-14; at both ends of the beam, hoops shall be provided over a minimum length of value 2h which is measured from the face of the supporting member toward midspan length. 

Noting that; the first hoop shall not be located more than 50mm from face of supporting member.

The following figure showing this case:
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Figure ‎5‑2: Hoops at Ends of Beams in IMRF
And also; Spacing of hoops shall not exceed the smallest of the following:

a) d/4.

b) Eight times the diameter of the smallest longitudinal bar enclosed.

c) 24 times the diameter of the hoop bar.

d) 300 mm.

Commentary based on Common Use:

In practice; with common use in Palestine; the following cases via tables are used:
Table ‎5‑1: Common use for Hoops in Beams of IMRF
	Case 01
	Subs.
	Result

	a
	Using d= 570 mm (h=60cm)
	570/4
	142.5 mm

	b
	smallest longitudinal Bars = 12 mm
	8x 12
	96 mm

	c
	dimeter of hoop bars = 10mm
	24x 10
	240 mm

	d
	300 mm
	300
	300 mm

	Case 02
	Subs.
	Result

	a
	d= 570 mm (h=60cm)
	 570/4
	 142.5 mm

	b
	smallest longitudinal Bars = 14 mm
	 8x 14
	 112 mm

	c
	dimeter of hoop bars = 10mm
	 24x 10
	 240 mm

	d
	300 mm
	 300
	300 mm 


The Following Figure shows comparison between the two cases of use for Hoops in Beams of Intermediate MRF:
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Figure ‎5‑3: Hoops at Ends of Beams in IMRF
Commentary:

· The smallest diameter of longitudinal bar in beams which is condition (b) controlling the spacing of hoops at beam both ends.

· So; whatever the case is; it shall not be allowed for using hoop stirrups at both ends of beams for more than 10cm.

· With reference to item 18.4.2.5 in ACI318-14; maximum transverse reinforcement spacing shall be (d/2) throughout the length of the beam as shown in next figure:
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Figure ‎5‑4: maximum transverse reinforcement in IMRF
Commentary:

· As it is mentioned; that the spacing of hoops shall not exceed 2h from both ends; and in case of mostly common of 60 cm height of beam; the beam that is less or equals to 250 cm is not allowed to have hoops spacing more than 10cm. 

5.1.2.2 Conditions for Columns:

· In Item 18.4.3.3; and at both ends of a column, hoops shall be provided at spacing so over a length ℓo measured from the joint faceas following: 

Spacing so shall not be more than the smallest of the following:
(a) 8 times diameter of smallest longitudinal bar.

(b) 24 times diameter of hoop bar.

(c) One-half of smallest cross-sectional dimension of column.

(d) 300 mm.

Length ℓo shall not be less than the greatest of the following:
(e) One-sixth of the clear span of the column.

(f) Maximum cross-sectional dimension of the column.

(g) 450 mm.

In practice; with common use in Palestine; the following cases via tables are used:
Table ‎5‑2: Common use for Hoops in Columns of IMRF
	For Spacing so
	Subs.
	Result

	a
	smallest longitudinal Bars = 14 mm
	8x14
	112 mm

	b
	Small cross section of Column stirrups = 10mm
	24x10
	240 mm

	c
	small cross section of Column = 250mm
	250/2
	125 mm

	d
	300 mm
	300
	300 mm

	For Length ℓo
	Subs.
	Result

	e
	Clear span on Columns = 3300 mm
	 3300/6
	 550 mm

	f
	maximum cross section of Column. 600-800 mm
	600-800
	 600-800 mm

	g
	450 mm
	450mm
	 450 mm


The following figure; shows schematic drawings of results mentioned via last table:
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Figure ‎5‑5: Hoops at Columns in IMRF
Commentary:

· Referring to table 5-2; it is noted that the preferable spacing of hoops in columns shall not be more than 10cm.

·  As results of the length of extended spacing of hoops along the column; it is shown that it is preferred of extending all hoops of 10 cm spacing not less than 100 com from each end of column. Also;

· In case of drop beams of about 60cm; the remaining lengths of column is 240 cm; so it is preferred for all schools columns not have any hoop more than 10cm spacing.

5.1.3 Special Moment Resisting Frames (MRF):

5.1.3.1 Beams of Special Moment Frames:

5.1.3.1.1 Dimensional limits:

· As per item 18.6.2.1 in ACI318-14; dimensions of Beams in special moment resisting frames shall satisfy all the following conditions:

(a) Clear beam span ℓn shall be not less than 4d.

(b) Beams Width bw shall be not less than the lesser of 0.3h and 250 mm.

(c) Beam width Projection beyond width of supporting column on every side shall not be more than the lesser of c2 and 0.75c1 where c1 and c2 shown via next figure:
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Figure ‎5‑6: ACI318-14 beams parameters
Commentary:

Referring to beams dimensions conditions; it is commented as following:

· As a common use of beams not less than 60cm height (d=55cm); it is preferred using clear spans not less than 220cm.

· In reference to practice as using height of beams between 60-100 cm; so, it is preferred using bw not lesser than range of 25cm to 30cm.
· In case of column conditions that discussed later; of using short dimension of columns not less than 300mm; it is recommended using beams projections not more than 300mm.

5.1.3.1.2 18.6 Longitudinal reinforcement:

· Beams shall have minimum two continuous bars at both top and bottom faces of beam. At any section, for top bottom reinforcement, the amount of reinforcement shall not be less than required by 9.6.1.2 (minimum reinforcement requirements) and the reinforcement steel ratio ρ shall not exceed 0.025.

Commentary:

· As commonly using of beams of about (30x60xm) dimensions; so, the amount of reinforcement shall not exceed 45cm2 in any case (ρ shall not exceed 0.025). 

· As per item 18.6.3.2 in ACI318-14; Positive moment strength at joint face shall be as minimum one-half the negative moment strength provided at the same face of that joint. Also; both negative and positive moment strength at any section along beam length shall be not less than one-fourth the maximum moment strength provided at face of either joint.

Commentary:

· Using minimum area of steel in both positive and negative moments regions will cover this item.

· As per item 18.6.3.3; Lap splices of deformed longitudinal bars of reinforcement shall be permitted if hoop bars or spiral reinforcement is provided over the lap length. 

Spacing of the transverse reinforcement enclosing the lap-spliced bars shall not exceed the minimum of d/4 and 100 mm.

Also; Lap splices shall not be used at the following locations:

(a) Within the joints.

(b) Within a distance of twice beam depth from face of joint.

(c) Within a distance of twice beam depth from critical sections where flexural yielding is likely to occur as a result of lateral displacements beyond the elastic range of behaviour.

Commentary:

· In practice as used in public schools; Spacing of the transverse reinforcement always will be govern by using spacing no more than 10cm; due to using d of about 55cm.

· Positive moments region in joints shall not be allowed to have any splicing on.

·  It is not allowed to have any splicing of in beams of length less than 250cm.

· All splicing shall be using hoops of 100 mm spacing. Or splicing shall be used only in the middle of long beams of length more than 250 cm

5.1.3.1.3 Transverse reinforcement:

· As per item 18.6.4.1 in ACI318-14; Hoops shall be provided in the following regions of beam:

(a) Over a length equals to twice beam depth that measured from face of supporting column toward midspan length, at both ends of beam.

(b) Over lengths equal to twice beam depth on both sides of a section where flexural yielding is likely to occur as a result of lateral displacements beyond elastic range of behaviour.

Commentary:

· Joining the two cases mentioned (a+b); hoops shall cover the whole section of short beams less than 250 cm.

· The spacing of transversely supported flexural reinforcing bars shall not exceed 350 mm.
Table ‎5‑3: Table 24.3.2 from ACI38-14 for Smax
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Commentary:

· So; In schools based on common practice (using Cc = 25 mm, Fy= 420 Mpa);
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So, it is recommended using maximum value of spacing (s) no greater than 30 cm in any case.

· As per item 18.6.4.6; Where hoops are not required, stirrups with seismic hooks at both ends shall be spaced at a distance of maximum value of d/2 throughout length of beam.

The figures below was taken from ACI-318 code displaying the mentioned item:
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Figure ‎5‑7: ACI318-14/Fig R18.6.4 Examples of overlapping hoops
Commentary:

· This item is highlighted based on local practice needs for providing solutions in some regions that face some difficulties in fixing hoops and stirrups per requirements.

5.1.3.2 Columns of special moment frames

5.1.3.2.1 Dimensional limits:

· As per item 18.7.2.1; Columns shall satisfy (a) and (b):

(a) The shortest cross-sectional dimension, measured on a straight line passing through geometric centroid, shall be not less than 300 mm

(b) The ratio of shortest cross-sectional dimension to the perpendicular dimension shall be not less than 0.4.

Commentary:

· As it is not allowed using columns les than 300mm as short dimensions; it is recommended to have dimensions of columns beams joints compatible in all requirements so the implementation could be done as well as enough. 

· The best dimensions to be used in the circular or square sections; else; the dimensions limitations of shall be as following table:
Table ‎5‑4: Columns Dimensions limitation in SMRF
	Dimension of Short Direction of Column
	Maximum allowable dimension of Long Direction of Column

	1
	300mm
	750mm

	2
	350mm
	875mm

	3
	400mm
	1000mm

	4
	450mm
	1125mm


5.1.3.2.2 Transverse reinforcement:

· As per item 18.7.5.1; Transverse reinforcement required shall be provided over a length ℓo from each joint face of column and on both sides of any section of column where flexural yielding is likely to occur as a result of lateral displacements beyond the elastic range of behaviour. 

Also; Length ℓo shall be at least the greatest of the following:
(a) Depth of the column at joint face or at section where flexural yielding is likely to occur;

(b) One-sixth of clear span of column;

(c) 450 mm.

Commentary:

· Due to common use of columns dimension of 30x60 cm; and as the total height of school columns is about 240 m, so ℓo shall be not less than 60cm from joint face.

· As per item 18.7.5.2; Transverse reinforcement shall be in accordance with the following conditions:
(a) Transverse reinforcement shall comprise either single or overlapping spirals, circular hoops, or rectilinear hoops with or without crossties.

(b) Bends of rectilinear hoops and crossties shall engage peripheral longitudinal reinforcing bars.

(c) Crossties of the same or smaller bar size as the hoops shall be permitted, subject to the limitation of 25.7.2.2. as shown below:
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Consecutive crossties shall be alternated end for end along the longitudinal reinforcement and around the perimeter of the cross section.

(d) Where rectilinear hoops or crossties are used, they shall provide lateral support to longitudinal reinforcement in accordance with 25.7.2.2 and 25.7.2.3.

(e) Reinforcement shall be arranged such that the spacing hx of longitudinal bars laterally supported by the corner of a crosstie or hoop leg shall not exceed 350 mm around the perimeter of the column.

(f) Where Pu > 0.3Agfc′ or fc′ > 70 MPa in columns with rectilinear hoops, every longitudinal bar or bundle of bars around the perimeter of the column core shall have lateral support provided by the corner of a hoop or by a seismic hook, and the value of hx shall not exceed 200 mm Pu shall be the largest value in compression consistent with factored load combinations including E.
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Figure ‎5‑8: ACI318-14/Fig R18.7.5.2 Examples of transverse reinforcement in Columns
Commentary:

· This item displayed in purpose of showing the needed procedure which is easy to be implemented for transverse reinforcement in columns.

· As per item 18.7.5.3; Spacing of transverse reinforcement shall be not more than the smallest of any of the following:
(a) One-fourth of minimum column dimension.
(b) Six times diameter of the smallest longitudinal bar.
(c) so, as calculated by:
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The value of so from Eq. (18.7.5.3) shall not exceed 150 mm and need not be taken less than 100 mm.

Commentary:

· As conditions mentioned; the following table summarize the real case of schools as practice parameters:
Table ‎5‑5: Transverse Reinforcement Spacing in SMRF
	For Spacing so
	Subs.
	Result

	a
	(Minimum Column Dimension)/4
	300/4
	75 mm

	b
	6 x (smallest bar diameter)
	6x14
	84 mm

	c
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; 

Where; hx: the largest value of hi shown in figure 5-8.
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	150 mm


As per shown in the last table; it is recommended using transverse reinforcement spacing no more than 7.5cm.

· As per item 18.7.5.4; the amount of transverse reinforcement shall be in accordance with Table 18.7.5.4. 

Also the concrete strength factor kf and confinement effectiveness factor kn are calculated according to Eq. (18.7.5.4a) and (18.7.5.4b).
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where nl is the number of longitudinal bars or bar bundles around the perimeter of a column core with rectilinear hoops that are laterally supported by the corner of hoops or by seismic hooks.

Table ‎5‑6: ACI318-14/Table 18.7.5.4 Transverse Reinforcement for Columns of SMRF
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Commentary:

· As we are in the first row of the table and first row in condition;
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So; use (b) 0.0064, and so we get the following:
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· As per item 18.7.5.7; If concrete cover outside confining transverse reinforcement required by 18.7.5.1, 18.7.5.5, and 18.7.5.6 exceeds 100 mm, additional transverse reinforcement having cover not exceeding 100 mm. and spacing not exceeding 300 mm shall be provided.

5.1.3.3 Joints of special moment frames

· As per item 18.8.2.3; Where longitudinal beam reinforcement extends through a beam-column joint, column dimension parallel to the beam reinforcement shall be at least 20 times the diameter of the largest longitudinal beam bar for normal weight concrete or 26 times the diameter of the largest longitudinal bar for lightweight concrete.

Commentary:

· Based on practice the following table 5-7 showing the minimum dimension of Column width;
Table ‎5‑7: Min. columns width parallel to the beam in Column Joints of SMRF
	Min. Largest Bar Diameter in Beam
	Minimum columns width parallel to the beam main reinforcement

	1
	16 mm
	320 mm

	2
	18 mm
	360 mm

	3
	20 mm
	400 mm


Accordingly; it is recommended not to have any dimension of columns less than 300mm.

· As per item 18.8.2.4; Depth h of the joint shall be not be minimum than one-half of depth h of any beam framing into the joint and generating joint shear as part of the seismic-force-resisting system.
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Figure ‎5‑9: ACI318-14/Fig R18.8.4 Effective Joint Area
5.1.3.3.1 Transverse reinforcement:

· As per item 18.8.3.2; Where beams frame into all four sides of the joint and where each beam width is at least three-fourths the column width, the amount of reinforcement required by 18.7.5.4 shall be permitted to be reduced by one-half, and the spacing required by 18.7.5.3 shall be permitted to be increased to 150 mm within the overall depth h of the shallowest framing beam.

5.1.3.3.2 Shear strength:

· As per item 18.8.4.2; In Table 18.8.4.1, a joint face is considered to be confined by a beam if the beam width is at least three-quarters of the effective joint width. 

Commentary:

· It is recommended not to have any beam less than three-quarters of the effective joint width.

5.2 Other Considerations:

During procedure of schools' design; it is important to consider some issues for best safe for thus structure that shall be considered as shelter in critical conditions:

5.2.1 Non-Structural Components Effects:

Non-structural elements of a building are usually not contributing elements in structural resisting system. Accordingly, they are not given enough proper attention in structural design procedures. However, non-structural elements attract seismic forces and thus are subjected to damage and failure during seismic events resulting in psychological and economic implications in some critical and lifelines structures.
Referring to code (i.e., IBC-2012 / ASCE 7-10) it includes provisions for about five types of construction categories:
(1) buildings, (2) nonstructural components, (3) nonbuilding structures, (4) seismically isolated structures, and (5) structures with damping systems. 
Each of these categories mentioned; has its own set of seismic design conditions. Such that; The nonstructural components category is divided into two subcategories: (1) architectural components, and (2) mechanical and electrical components. The mechanical and electrical components category includes both equipment and distribution systems (R. E. Bachman et all, 2015).
Nonbuilding structures include all self-supporting structures that carry gravity loads and that may be required to resist the effects of earth shaking. Differentiation between nonstructural and nonbuilding categories is not always straightforward. 
Also; there are two kinds of nonbuilding structures; One has a structural system similar to main buildings, and the second one has a structural system that is not similar to main buildings. 
Figure 6-1 (taken from Bachman and Dowty, 2008) illustrating some items which can be defined as nonstructural components or nonbuilding structures and highlighting where overlaps occuring (J. A. Gatscher et all).
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Figure ‎5‑10: Overlapped of non-structural Components and non-building Structure.
The previous figure shows that there are several non-structural components exists in schools; which mean that these non-structural components shall be safe and have no danger status or impact on schools, so it is important not to swing or fall down and cause damages due high displacement of the structure. 

5.2.2 Acceleration and Displacement effect on Time Period:

The next figure; displays acceleration response spectra and displacement response spectra; the purpose is to show the direct effect caused by large time periods or short ones both for displacement of the structure and so it effects on rigidity.

It is shown that while increasing the time period, large displacements are achieved and so we are going far from rigidity of the structure.

While decreasing the time period; we get basic benefits; the first benefit is decreasing the displacement of the structure so we are lowering the degree of swinging and so it has positive impact on other components of structure like non-structural ones or other.

The second benefit in decreasing time period of the structure is that we get more rigidity of the structure and so we are strengthening our schools that shall be designed as shelters. But it is important to be highlighted that decreasing time period shall be attention to be away from resonance region that shall be avoided and calculated.  
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Figure ‎5‑11: Schematic Diagram joining acceleration and displacement response spectra vs Time Period
Also; previous figure shows that increasing forces will generate high displacement as shown in region C to E, but in region AB it is shown that decreasing the forces decreases displacement.
5.2.3 Resonance:

All buildings have several natural periods, or resonances, which is; (Time Period); defined as number of seconds that takes for the building to naturally vibrate back and forth. 

The ground has also a specific resonant frequency. If the period of ground motion matches the natural resonance of a building, it will undergo the largest oscillations possible and suffer the greatest damages.

The natural frequency wn of a system is dependent upon two main factors; stiffness, and mass. If the natural frequency is wn, wn = sqrt(k/m).

Where (k) is the stiffness and (m) is the mass. Therefore, in order to change the natural frequency, we need to change either k or m or both. 

Typically, the objective is to increase natural frequency such that it is above any expected vibration frequencies. If the natural frequency is above or significantly far away from any expected vibration frequencies the resonance will likely no be excited. This theory forms the basis for any structural redesigns implemented to avoid resonance.

In practice, the following rules can be used to shift a natural frequency and minimize the vibration response of a system;

a) Adding stiffness so it increases the natural frequency.
b) Adding mass so that will decrease the natural frequency.
c) Increasing damping will reduce the peak response but widens the response range.

d) Decreasing damping that increases the peak response but narrows the response range.

e) Reducing forcing amplitudes reduces response at resonance.
If changing natural frequency is determined to be the best solution, it is important to fully characterize the system before attempting any structural redesigns procedures. 
It may really be recommended adding mass to the structural system and shift the natural frequency down to a frequency where the forces are lower. (Grant Slinger - Mechanical Engineer II June 2016)

5.2.4 Ribbed Slabs issue:

It is shown that in Palestine it is widely spread out using hollow block of ribbed slabs systems.
This system depends on using hollow block with strength of about 35kg/cm2 self-suspended by its own skin friction with rib in slab without using any fixation tools between reinforced concrete ribs and the hollow blocks.
This matter gives attention of such important structures like schools not using any danger material that may fall like the blocks in ribbed slab systems.  

5.2.5 Topography amplification on Earthquakes:

Although the effect of topography on ground motion has been known for decades of years; topographic effects are not taken into consideration in calibration of modern ground motion prediction equations (GMPEs). 

Recently, a method allows for effects of topography in probabilistic seismic hazard analysis (PSHA) was proposed by Barani et al. (2012). In Addition, topographical effects were in considerations for the simulation-based seismic hazard studies at Southern California Earthquake Center (e.g. Field & the SCEC Phase III Working Group 2000; Graves et al.2011).

Observations during shaking of earthquakes showed that at a certain site, the records gained at distinct points are varies and different. These variations of ground motions are essentially due to some effects like traveling wave, attenuation, loss of coherency and local site effect (Der Kiureghian, 1996). 

Topography of the surface; is one of the important influential factors of site. It has been recognized that the destructiveness of ground shaking during earthquakes is affected significantly by topographic amplification. The presence of a strong topographic relief (hill, ridge, canyon, or slope) has an effect on ground shaking in term of amplitude and frequency content. Also, post-destructive earthquake investigations indicate that buildings located at the tops of hills, ridges and canyons, suffer more intensive damage than those located at the base. Example of these observations are cited in Boore, 1972 (San Fernando Earthquake, 1971), Celebi 1987 (Chile Earthquake, 1985), Kawase and Aki 1990 (Whittier Narrows Earthquake, 1987) and Restrepo and Cowan, 2000 (Armenia Earthquake, 1998). The recent earthquake of Boumerdes in Algeria 2003 (Laouami et al. 2003) brought additional evidence of severe damage of structures built on hilltops (Corso city).
6 MODELING & ANALYSIS: 

6.1  Overview:

By Applying methodology in this thesis, reaching to essential results keeping up stepping process; this chapter will discuss and view models of existing schools using typical model generated via dimensional statistics in Palestinian Schools reflecting its real behavior as existing practice in Palestine.   

Another model will be generated as a development case of the practice model and represents the minimum requirements of Moment Resisting Frames in Palestine.

6.2 Real (Practice) Model:

6.2.1 Geometry:

As per previous chapters especially statistics and shape of schools; the following dimensions of structural Element that presented via Table 6-1 will be used in modeling:
Table ‎6‑1: Practice Model Elements Dimensions

	Element
	Dimensions (cm)

	
	Width
	Depth
	Thick
	Height

	Columns
	25
	60
	…
	300

	Beams
	25
	60
	…
	…

	Solid Slab
	…
	…
	20
	…


Also; the architectural geometry of schools is specific and determined by Palestinian Ministry of Education and remains the same and has the following properties:
Table ‎6‑2: architectural geometry of schools in Palestine
	  Element
	Dimensions (cm)

	
	Width
	Depth
	Height

	Class Room
	620
	735
	300

	Corridors
	230
	Continuous
	300


The following Plan shows typical class room and its dimensions:
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Figure ‎6‑1: Schools Class Rooms Dimensions Plan (in meters)
The number of stories for all schools is mostly between two to three stories; and so, we will use three stories in the typical model as mostly used and also using two class rooms in this model as following:  
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Figure ‎6‑2: Typical Model of Schools
6.2.2 Material Properties:

Reinforced Concrete is a construction material that is commonly used in school construction and all over most structures on Palestine. This reinforced concrete has an assumed unit weight (𝛾𝑐) of 25𝑘𝑁/𝑚3).
For all structural elements composing all models, concrete strength of 𝑓𝑐′=23.5𝑀𝑃𝑎 Ec=22478 N/mm2, and steel strength of 𝑓𝑦=420𝑀𝑃𝑎 are used.

6.2.3 Loads on school buildings:

Dead and live loads in addition to seismic loads that acting on structure used in SAP Model.
Dead Loads is taken as the weight of the structure itself in addition to super imposed dead load (SDL) to be about 4.0 kN/m2. 
Live Loads as per specifications and limitations determined by Palestinian Education Ministry is used to be 5kN/m2 for Corridors and 2.5kN/m2 for Class Rooms.
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Figure ‎6‑3: Live Loads Assignments (kN)
Seismic loads cause a multidirectional vibration to buildings that resting on the earth. Also, all calculation generating seismic factors are used in model and mentioned in chapter Four.
The following Table is showing the behavior and main Parameters of seismic component that is used in the two models (one for intermediate Moment Resisting Frame and the other for Special Moment Resisting Frames):
Table ‎6‑3: Seismic Parameters of practice Typical Models
	
	IMRF-Typical Model
	SMRF-Typical Model

	Z=
	0.150
	0.300

	Ss
	0.375
	0.750

	S1
	0.188
	0.375

	Site Class
	B
	D

	Fa
	1
	1.2

	Fv
	1
	1.65

	SMS
	0.375
	0.90

	SM1
	0.188
	0.62

	For 10% probability:
	 
	 

	SDS
	0.375
	0.90

	SD1
	0.188
	0.62

	To 
	0.100
	0.138

	TS
	0.500
	0.688

	Risk Category
	III
	III

	Type
	C
	D

	Importance factor
	1.25
	1.25

	ASCE 7-10 table 12.6-1
	ELF (NP)
	ELF (NP)

	ASCE 7-10 table 12.2-1
	IMRF
	SMRF

	Response Modification Coefficient (R)
	5
	8

	Overstrength Factor (Ωo)
	3
	3

	Deflection Amplification Factor (Cd)
	4.5
	5.5


With respect to previous table; design acceleration response spectra have been generated as follows:

[image: image144.png]Spectral Response Acceleration, Sa (¢)

Soi

T, T, 10 T,
0.10 0.50 Period, T (sec)

FIGURE 11.4-1 Design Response Spectrum




Figure ‎6‑4: IMRF Design Acc. Response Spectra
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Figure ‎6‑5: SMRF Design Acc. Response Spectra
6.2.4 Time Periods for Fundamental Modes:

In design acceleration response spectra as per mentioned in previous section; it is noticed that design Time periods values limitations between 0.10 and 0.50 (for IMRF) and between 0.14 to 0.69 (for SMRF); so, it means that value of fundamental mode that exceeds 0.5 and 069 will have increasing in displacement of the structure.
Also, time period that lays on the mentioned intervals (between 0.1-0.5 and 0.14-0.69) will have constant acceleration and occurs at avoidable period interval since it is known as the resonance location.
And while analysis process of modeling; it is shown that practice of design schools has a period location either of high acceleration period by design of pure moment resisting frames or constant acceleration which is the resonance region that shall be avoided which happens by during some reinforced vertical elements like shear wall or boundary wall of building preventing torsional modals in main modes. 
6.3 Proposed Model:

6.3.1 Geometry and Restraints:

With the same geometry mentioned; The following dimensions of structural Elements that achieved from and match the requirements in code of practice:
Table ‎6‑4: Properties of Models
	Model
	Element
	Dimensions (cm)
	Period of Fundamental Mode (sec)

	
	
	Width
	Depth
	Thick
	Height
	

	(A)

Frames
	Columns
	30
	60
	…
	300
	0.387

	
	
	40
	60
	…
	300
	0.282

	
	
	40
	80
	…
	300
	0.258

	
	
	40
	100
	…
	300
	0.243

	
	Beams
	30
	60
	…
	…
	…

	
	Solid Slab
	…
	…
	20
	…
	…

	(B)

Frames & Corner SW
	Columns
	30
	60
	…
	300
	0.160

	
	
	40
	60
	…
	300
	0.155

	
	
	40
	80
	…
	300
	0.145

	
	
	40
	100
	…
	300
	0.138

	
	Beams
	30
	60
	…
	…
	…

	
	Solid Slab
	…
	…
	20
	…
	…

	
	Shear Walls
	…
	…
	20
	300
	…

	(C)

Frames & Short SW
	Columns
	30
	60
	…
	300
	0.368

	
	
	40
	60
	…
	300
	0.279

	
	
	40
	80
	…
	300
	0.257

	
	
	40
	100
	…
	300
	0.243

	
	Beams
	30
	60
	…
	…
	…

	
	Solid Slab
	…
	…
	20
	…
	…

	
	Shear Walls
	…
	…
	20
	300
	…

	(D)

Frames & Long SW
	Columns
	30
	60
	…
	300
	0.268

	
	
	40
	60
	…
	300
	0.252

	
	
	40
	80
	…
	300
	0.215

	
	
	40
	100
	…
	300
	0.191

	
	Beams
	30
	60
	…
	…
	…

	
	Solid Slab
	…
	…
	20
	…
	…

	
	Shear Walls
	…
	…
	20
	300
	…

	(E)

Frames & SW
	Columns
	30
	60
	…
	300
	0.0895

	
	
	40
	60
	…
	300
	0.088

	
	
	40
	80
	…
	300
	0.087

	
	
	40
	100
	…
	300
	0.085

	
	Beams
	30
	60
	…
	…
	…

	
	Solid Slab
	…
	…
	20
	…
	…

	
	Shear Walls
	…
	…
	20
	300
	…


The number of stories for all schools be the same; so, we will use three stories in the model. 
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Figure ‎6‑6: Schematic Geometry for Model (A)
[image: image147.png]152,

220-

250

250-

250

250-

250

-056-

09

—00z—

0£T

—os—

i b 1 1 %
i ] R
:
]
1
- 1
g
]
B
:
]
' il
) i Ty
S Sl
—ou— L

SXY-A

016




Figure ‎6‑7: Plan for Model (E)
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Figure ‎6‑8: Centers of Columns

The Following Figure shows different types of modeling that discussed:
[image: image149.png]


             [image: image150.png]



(A)  Frames                           
(B) Frames + Corner Shear Wall
[image: image151.png]
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(C)  Frames + Short Direction Shear Walls (D) Frames + Long Direction Shear Walls
[image: image153.png]



 (E) Frames + Two-way Shear walls
Figure ‎6‑9: Schools Cases of structural Elements

6.3.2 Material Properties:

Reinforced concrete has a unit weight (𝛾𝑐) of 25𝑘𝑁/𝑚3) will be used in the proposed model.

For all structural elements composing all models, concrete strength of 𝑓𝑐′=23.5𝑀𝑃𝑎 Ec=22478 N/mm2, and steel strength of 𝑓𝑦=420𝑀𝑃𝑎 are used.

6.3.3 Restraints of schools will be used to be fixed due to grade beams that makes the stiffness ratio with ground floor columns closed to fixation supports than it is pinned.

6.3.4 Loads on school buildings:

Dead and live loads in addition to seismic loads are acting in the while structure will be modeled.

Dead Loads are taken as the weight of the structure itself and using of super imposed dead load SDL of 4.0 kN/m2 (for Slabs) which is calculated as following:
The following table shows the common densities of the construction materials according to the Jordanian code for loads and forces. 

Table ‎6‑5: Densities of commonly used construction materials in Palestine

	Material type
	Density

 (kN/m3)

	Fill materials (fine aggregate)
	18

	Mortars
	22

	Plastering
	22

	Reinforced concrete
	25

	Tiles
	24


The common thicknesses of the slab covered materials are the following:

· 3cm tile thickness.

· 2cm mortar thickness.

· 10cm fills under the tiles.

· 1.5cm plastering thickness.

0.5kN/m2 is used for internal partitions, and the total superimposed dead load (SID) will be as the following: 

[image: image154.png]SID =0.03X 24+ 0.02X 22+ 0.1 Xx18+0.015 %X 22 + 0.5




[image: image155.png]SID = 3.79kN/m? — use 4kN /m?





In case of using boundary shear walls; Super imposed dead loads will be used as following:

	Material type
	Density

 (kN/m3)

	5cm Reinforced concrete
	25

	5 cm Stone
	26


[image: image156.png]SID = (0.05 X 25 + 0.05 X 26) X 3 = 7.65 kN /m’




Live Loads is taken of 5.0 kN/m2 in all slabs (as it is used for schools). 

6.3.5 Verifications for Model (A):
Taking the case of the following dimensions for verifications purposes:

Table ‎6‑6: Verification Study Case Properties

	Model
	Element
	Dimensions (cm)
	Period of Fundamental Mode (sec)

	
	
	Width
	Depth
	Thick
	Height
	

	(A)

Frames
	Columns
	30
	60
	…
	300
	0.387

	
	Beams
	30
	60
	…
	…
	

	
	Solid Slabs
	…
	…
	20
	…
	

	
	Shear Walls
	…
	…
	…
	…
	


Initial sizes of members composing a structure are required even in the case of computer analysis. They are ordinarily prerequisite to perform an elementary frame analysis, and to obtain a rough overview of the quantities of construction materials for cost estimation.
6.3.5.1 Validation of One-way solid Slab thickness:

according to Table 7.3.1.1 in ACI 318M-14, the minimum thickness for the one way solid slabs for for one end continous, is equal to [image: image158.png]


 .
The most critical case in all layouts is equal to 2.5m for short beams.

[image: image159.png]



[image: image160.png]=~ the provided 0.2m slab thickness is ok




6.3.5.2 Validation of Shear wall thickness:
according to Table 11.3.1.1 in ACI 318M-14, the minimum thickness of the wall equals to the maximum of (100mm, [image: image162.png]


 unsupported floor height).

[image: image163.png]Nywail min = Max(0.10, —) =0.12m




[image: image164.png]=~ the provided 0.2m shear walls thickness is ok




6.3.5.3 Validation of Columns Sections:
Columns cross-sections have to be determined as for the load effects in the lowest story of the building. The tributary area of the most heavily loaded column is shown in next Figure and Table giving a brief statement of the main points required to assess the capacity of column section.
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Figure ‎6‑10: Tributary area of an interior column
Table ‎6‑7: Ultimate self-weight of structural Column included within the tributary area

	Type of element
	Load factor
	[image: image166.png]



(kN/m3)
	Dimension (m)

Length   Width    Depth
	Mass and weight modifier
	Factored weight for One Floors
(kN)

	Slab
	1.2
	25
	4.45
	2.50
	0.20
	1.0
	66.75

	Beam
	1.2
	25
	6.05
	0.30
	0.60
	0.67
	21.89

	Column
	1.2
	25
	3.00
	0.30
	0.60
	1.0
	16.2

	
	
	
	
	
	
	∑
	104.84


Table ‎6‑8: Ultimate weight of distributed load over tributary area

	Load pattern
	Load factor
	Distributed load

(kN/m2)
	Tributary area (m)

Length   Width
	Factored weight for One Floors
(kN)

	SID
	1.2
	5
	4.45
	2.5
	66.75 

	LL
	1.6
	5
	4.45
	2.5
	89

	
	
	
	
	∑
	155.75


So, for one floor the total ultimate load = 104.84+155.75 = 260.59 kN; and for four floors (as maximum no. of floors in schools) the total ultimate load = 1042.36 kN.
The maximum strength of a rectangular tied-uniaxial loaded short columns informed in Section 22.4.2.2 of the ACI 318-14 Code can be taken as:

𝑃𝑢=0.65 × 0.80 × 𝐴𝑔 × [0.85𝑓𝑐′+ 𝜌𝑔(𝑓𝑦−0.85𝑓𝑐′)]

Where:
𝐴𝑔 is the gross cross-sectional area of the column.
𝜌𝑔 is ratio of longitudinal steel area to the gross column area.

𝑓𝑐′=23.5𝑀𝑃𝑎, and 𝑓𝑦=420𝑀𝑃𝑎. 
Using minimum reinforcement ratio in columns (𝜌𝑔, 𝑚𝑖𝑛) =1.0% then,

⟹ 𝐴𝑔=82570 𝑚𝑚2 = 825.70 cm2 less than (30x60 = 1800 cm2)  

⟹ so, it is OK.
According to Section 6.2.5 of the ACI 318-14 Code, a braced column is being short if its slenderness ratio is:
[image: image167.png]klu M1
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Where:

𝑘 is the effective length factor of the column.

𝑙𝑢 is the unsupported length of the column.

𝑟 is the radius of gyration of column cross-section.

𝑀1 is the smaller factored end moment of the column.

𝑀2 is the larger factored end moment of the column.
According to Section R6.2.5 of the ACI 318-14 Code, 𝑘 could be taken equal to 1.0. To be more conservative, (𝑀1/𝑀2) is assumed to be zero.
According to Clause b of Section 6.2.5.1 of the ACI 318-14 Code, 𝑟 could be taken as 0.30 times the dimension in the direction stability is being studied for rectangular columns. Hence,
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Column slenderness ratio is 13.33 which is less than 34; so, the case found is short column case.
6.3.5.4 Check of Compatibility:
Interelement compatibility of Model, shown in next Figure, are tested as for the effects of the load combination 1.2𝐷𝐿+1.6𝐿𝐿. It is clear that the adjacent nodes endure an equal displacement without opening at shared lines. Meaning that, model compatibility has been successfully applied.
[image: image171.png]



Figure ‎6‑11: 3D portal-frame of Model A
6.3.5.5 Check of Equilibrium:

Gravity loads are, naturally, vertical loads. Therefore, horizontal reactions, and moments are non-existent. Implying that only vertical reactions, i.e. global Z-Direction are arising. Following Tables show the main components required to review the equilibrium state in Model A resulted from service loads.
Table ‎6‑9: Check of equilibrium due to self-weights of structural

	Type of Element
	[image: image172.png]



(kN/m3)
	Dimension (m)

Length Width    Depth
	Mass and weight modifier
	No. of Elements in 3 Stories
	Factored weight for 3 Stories
(kN)

	Slab
	25
	133.5
	1
	0.20
	1
	3
	2002.5

	Beam
	25
	107.3
	0.30
	0.60
	0.67
	3
	970.53

	Column
	25
	3.00
	0.30
	0.60
	0.80
	63
	680.4

	
	
	
	
	
	
	∑
	3653.43

	
	
	
	
	
	Global FZ-SAP Result
	3653

	
	
	
	
	
	
	Error %
	0.0% (OK)


Table ‎6‑10: Check of equilibrium due to the distributed loads over slabs

	Load Pattern
	Load Value kN/m2
	Total Area m2
	No. of Stories
	Factored weight 

(kN)

	SDL
	4
	133.5
	3
	1602

	LL
	5
	133.5
	3
	2002.5

	
	
	
	∑
	3604.5

	
	
	Global FZ-SAP Result
	3604.5

	
	
	
	Error %
	0%


6.3.5.6 Verification of the fundamental period:

To verify the results of periods, Rayleigh’s method (via following equation) is used for sample calculation for main structure of only frames and fixations supports. 
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Where:

[image: image176.png]


: Lateral force at level i of the floor.

[image: image178.png]


: Elastic deflection due to lateral force at level i of the floor.

[image: image180.png]


: Gravity acceleration (9.81 m/s2).

[image: image182.png]


: Weight at level i of the floor.

For applying this method; the weight at each floor is found to be the dead load from slab own weight plus two halves of weights for columns and shear walls above and below the intended level plus the superimposed dead load at each slab level. 

The lateral force is assumed to be 1kN/m2. Elastic deflection for each floor is found from SAP2000 and used in Rayleigh’s formula as shown in next Table. 

The calculation of the total single floor dead load as shown in the following: 

· Slab own weight for single floor = [image: image184.png]133.5m? x 0.2 X 25 = 667.5 kN




· Columns (30x60) own weight in single floor =
 [image: image186.png]0.8 x 21 columns x 0.30 x 0.60 x 25 = 75.6 kN




· Drop Beams own weight in a single floor =
 [image: image188.png]107.3m Length x (0.30x0.60) x 25 x 0.67 = 323.51 kN




· Superimposed dead load in single floor=[image: image190.png]133.5x 4 = 534 kN




Table ‎6‑11: Verification of the fundamental period of model

	Floor
	[image: image192.png]


 (kN)
	[image: image194.png]


 (kN/m2)
	Floor Area (m2)
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(kN)
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(m)
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(kN.m2)
	[image: image199.png]



(kN.m)

	3
	1638.41
	1
	133.5
	133.5
	0.0037
	0.0224
	0.494

	2
	1751.81
	1
	133.5
	133.5
	0.0030
	0.0158
	0.401

	1
	1751.81
	1
	133.5
	133.5
	0.0017
	0.0051
	0.227

	
	
	
	
	
	∑
	0.0433
	1.122

	
	
	
	
	
	Multiplied by (g)
	11.00


Applying the equation:

[image: image201.png]


                                                      

Time period using Rayleigh’s method equals to 0.393 second, while Time period from SAP equals to 0.386 second. Thus, the difference between Rayleigh’s method and modal analysis equal to 1.76% less than 10% which is accepted.

6.4 Time Periods for Fundamental Modes:

Table below; shows different values of Time period of Fundamental modes using different design shapes of schools that may be used in real practice (note that these conditions are in using of pinned supports of the structures):
Table ‎6‑12: Time Periods for Several Types of structural Systems
	Structure Type
	Time Period (Sec)

	Frames Only
	0.65

	Frames + Corner Shear Wall
	0.15

	Frames + Short Direction Shear Walls
	0.35

	Frames + Long Direction Shear Walls
	0.24

	Frames + Two-way Shear walls
	0.09


 As shown in next figure intermediate moment resisting frames:
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Figure ‎6‑12: Periods of Fundamentals Modes for different schools
In design acceleration response spectra as per mentioned in previous sections; it is noticed that critical Time periods values limitations for both IMRF and SMRF is between 0.10 and 0.50; so, it means that value of fundamental mode that exceeds 0.5 will have increasing in displacement of the structure.
Also, time period that lays on interval between 0.1-0.5 will have constant acceleration and occurs at avoidable period interval since it is known as the resonance location.

Table below; shows different values of Time period of Fundamental modes using different design shapes building with respect to different shapes of columns that is proposed to be used in schools:
Table ‎6‑13: Time Periods for Several Cases of Structural Systems and Columns Dimensions

	Structure Type
	Time Period (Sec)

	Columns
	30x60
	40x60
	40x80
	40x100

	Frames Only
	0.387
	0.282
	0.258
	0.243

	Frames + Corner Shear Wall
	0.160
	0.155
	0.145
	0.138

	Frames + Short Direction Shear Walls
	0.368
	0.279
	0.257
	0.243

	Frames + Long Direction Shear Walls
	0.268
	0.252
	0.215
	0.191

	Frames + Two-way Shear walls
	0.0895
	0.088
	0.087
	0.085


It is found that practice of case mentioned via previous table has the several results of periods which is either in resonance region or in high displacement structure.

Also, the results via table 6-7 summarize in the following figure:
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Figure ‎6‑13: Time Periods for Different Structural Types of Schools with respect to different shapes of Columns
From Figure 6-8 above; the chart shows different values of time periods for different cases of structural systems of schools; these several cases matching several arrangements of columns and all needs for reaching the best case of time period that goes with schools' requirements for good practice; the results shown in previous chart highlights following issues:

· Referring to first pack of chart (Frames Only Case); it is shown that time periods decrease than its values in practice systems (0.65sec.); of ranges between 18-50 %. But this case still lays on resonance region which shall be avoided.

· The second pack in chart has results close to these in first pack due to strengthening the strong direction which adding some of shear walls to the long direction of columns did not develop the time period; this case is very similar to the real structural design of schools.

· The third pack in chart; it is the first step of developing the structural systems due to better results of time period values that means; the better compatibility in strength of columns and shear walls bracing the better time periods of schools building we will get.

· The fourth pack; represents the best economical case of structural systems may be used for schools; with ability of having more rigidity structure that shown via fifth pack.

· The fifth pack; surely it is the best case of rigidity despite of the most expensive case of all cases mentioned. 

· Referring to all previous comments and results shown in previous chart; and as a beginning of schools developing from time period side view, it is better for achieving rigid schools away from resonance region in several topographies of schools; to have periods less than 0.15 sec. as following charts:
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Figure ‎6‑14: Time Periods limitation of school
By previous chart; it is shown that no matter the columns are the system will be very safe; but it is worth to say that it is not economical with respect to the other systems.
Wherever; strengthen the structure in the strong direction will not give any benefit to the system, in addition to keep it in not recommended status for schools.
6.5  ASCE07-Response spectra Development.
6.5.1 Overview:
With reference to ASCE07 Code; and while generating and getting the graph of acceleration response spectra at a certain soil class and seismic zone; the raised idea herein is what if we generate response spectra for all zones and all soil classes highlighting how it varies from region to another.

The questions that shall be raised;
· What are the differences of design response spectra for a certain soil class in different seismic zones?
· What are the differences between soil classes at a certain seismic zone?
· What is the expected in development of design response spectra from code side view?

In accordance with all mentioned; these ideas and issues will be discussed via next sections.
6.5.2 A to D Site Classes vs. Seismic Zones
Referring to calculations that leads to generate design accelerations response spectra; it is found that values of Ts and T1 with respect of ASCE-07 code in its 2010 version and 2016 one; the following results are found:
Table ‎6‑14: Seismic Parameters as per ASCE07-16

	ASCE
7-16


	Z
	z=0.075
	z=0.15

	
	Site Class
	A
	B
	C
	D
	A
	B
	C
	D

	
	SDS
	0.150
	0.169
	0.244
	0.300
	0.300
	0.338
	0.488
	0.563

	
	SD1
	0.075
	0.075
	0.141
	0.225
	0.150
	0.150
	0.281
	0.417

	
	TS
	0.100
	0.089
	0.115
	0.150
	0.100
	0.089
	0.115
	0.148

	
	T1
	0.500
	0.444
	0.577
	0.750
	0.500
	0.444
	0.577
	0.741

	
	
	z=0.2
	z=0.3

	
	
	A
	B
	C
	D
	A
	B
	C
	D

	
	SDS
	0.400
	0.450
	0.650
	0.700
	0.600
	0.675
	0.900
	0.900

	
	SD1
	0.200
	0.200
	0.375
	0.525
	0.300
	0.338
	0.563
	0.716

	
	TS
	0.100
	0.089
	0.115
	0.150
	0.100
	0.100
	0.125
	0.159

	
	T1
	0.500
	0.444
	0.577
	0.750
	0.500
	0.500
	0.625
	0.795


Table ‎6‑15: Seismic Parameters as per ASCE07-10

	ASCE
7-10
	Z
	z=0.075
	z=0.15

	
	Site Class
	A
	B
	C
	D
	A
	B
	C
	D

	
	SDS
	0.150
	0.188
	0.225
	0.300
	0.300
	0.375
	0.450
	0.563

	
	SD1
	0.075
	0.094
	0.159
	0.225
	0.150
	0.188
	0.302
	0.384

	
	TS
	0.100
	0.100
	0.142
	0.150
	0.100
	0.100
	0.134
	0.137

	
	T1
	0.500
	0.500
	0.708
	0.750
	0.500
	0.500
	0.672
	0.683

	
	Z
	z=0.2
	z=0.3

	
	Site Class
	A
	B
	C
	D
	A
	B
	C
	D

	
	SDS
	0.400
	0.500
	0.600
	0.700
	0.600
	0.750
	0.825
	0.900

	
	SD1
	0.200
	0.250
	0.388
	0.475
	0.300
	0.375
	0.553
	0.619

	
	TS
	0.100
	0.100
	0.129
	0.136
	0.100
	0.100
	0.134
	0.138

	
	T1
	0.500
	0.500
	0.646
	0.679
	0.500
	0.500
	0.670
	0.688


With reference to the previous tables; the following graphs were drawn comparing the two version of ASCE07 Code presenting the differences between 2010 and 2016 acceleration design response spectra: 
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Figure ‎6‑15: Site Class D in Several Zones and Code Versions
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Figure ‎6‑16: Site Class C in Several Zones and Code Versions
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Figure ‎6‑17: Site Class B in Several Zones and Code Versions
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Figure ‎6‑18: Site Class A in Several Zones and Code Versions
Referring to all previous figures that are displaying a certain Site Class in Different Seismic zones; it is noted and found that:
· Seismic design category SDs are increasing from Site class A to Site Class D, in another words; development of graph through increasing the seismicity level from Hard Rock soil type to weak soil that is in Site class D.

· Also; one second time period T1 increases in design response spectra graph as well as soil becomes weak. 
· At a certain Site Class, as region goes to be near to fault (increasing in z value) the seismic response spectra graph becomes to have increase in SDs value which mean raising the level of seismicity of that region.
· No changes found in Site Class A between 2010 to 2016 version in response spectra graphs. That it is the hard Rock region.
· Minor changes found in response spectra graph for Site class D between 2010 and 2016 ASCE07 Code. Which is the weak soil type.
· Some Changes found in Site Classes B & C, decreasing & increasing respectively in seismicity level of SDs. Such that in 1 Second Time period B & C Site Classes have decreasing design responses limitations. 
At same x-y scale; joining the four graphs mentioned via previous figures; we will get the following graph:
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Figure ‎6‑19: Joined graph for All Site Classes in all Seismic zones at same scales.
In accordance with the previous graph it is found that Site Classes A and B are very close to each other, also, it is found the same for Site Classes C & D.

In other words; the expected future (for using Site Classes A to D) seems to be through reducing Site classes into two main site classes; one as Rock (instead of hard rock and Rock) and the other as Weak Soil (very dense soil and Stiff soil).
At the same time; we find the same results for different Site classes for a certain zone. See the following figures:
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Figure ‎6‑20: Response Spectra in Z 0.075 for Site Classes A to D
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Figure ‎6‑21: Response Spectra in Z 0.15 for Site Classes A to D
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Figure ‎6‑22: Response Spectra in Z 0.20 for Site Classes A to D
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Figure ‎6‑23: Response Spectra in Z 0.30 for Site Classes A to D
6.5.3 E & F Site Classes.
After all previous analysis, what if it is found that some schools are to be implemented in Site class classified as E or F Types of site classes?!
Based on private conditions of Palestinian land and politics issues that judge the implementation of buildings, E & F Site classes can be found in some types of soils that are in some regions of cities like Jericho and coastal plains, in this case it is important for take into consideration the following issues:
· As possible as can; it is very important for avoiding implementation on these soil types that classified E or F.
· If it is obligated that building shall be implemented on this region (E&F site classes), the architectural engineers ARE to follow structural instructions in all code's requirements of like preventing types of irregularities and choosing the structural system and elements and all shapes related matters.  
7 Results and Conclusions: 

7.1  Overview:

By all previous discussions and analysis and based on all criteria gained from practice it is very important to summarize the results for shaping the first step of developing our schools that have high importance degree of care due to all reasons mentioned especially protecting our future and keeping up advancing for society components.

This chapter contains important results that shall be regarded during design procedures of schools in Palestine and hope to be a first step of issuance code of practice for school design process.      
7.2 Main Requirements and Considerations:

As it is essential for governments to assess and develop thier buildings keeping it up to date and modern with all needs of improvements not in shape only but also as well as reaching the best strength and durability. School caring is a major issue to have more care than all special buildings and it is very important to be improved and assessed periodically. 
From all previous chapters; and pursuant to all needs of having school building design assumptions matching the real case of practice and high level of safety and design Quality Assurance; the following recommendations represent main and minimum considerations of schools' design procedures that shall be adopted by any designer;
7.2.1 Building Away from weak soil:

As possible as it could; it is not recommended to build schools at weak soil regions, due to amplification of earthquake that is expected to occur due to weak soil existence.
7.2.2 Different Topographies means Different Seismic Parameters:

As it is shown via all seismic analysis results; the seismic parameters vary based on difference in topographies where the structure will be built on. Also, it has been found that:

(a) Where the topography varies all seismic parameters vary so site class will have different degrees based on the nature of the soil.
(b) Design Time period will vary based on soil type and ranges of response spectra will differ based on nature of soil under structure.

(c) For the same soil class in different seismic zones, design time periods related to response spectra vary based on the nature of topography.

(d) Essential restrictions shall be made if any case of site Class E and/or F may be found; regarding real coordination between the structural and architectural designer preventing any case of irregularity.
(e) From code side view; it is expected a reduce in site classes types from A to D to be only two than its four; which may be as following; joining A and B together; and joining C and D together.
7.2.3 Fixation of Structure supports:

As it is important to reduce the time period of school building reaching a rigid structure; it is necessary to have a case of total fixation of structure supports that could be reached by keeping the ground beams as drop beams with high stiffness ratios.

7.2.4  Preventing irregularities:

Torsional irregularity may be found in schools due to strip building shape as some utilities could be added for certain reasons.
It is required to keep the building symmetry vertically and horizontally so that damaging of structure due any possibility of irregularity can be avoided.

7.2.5 Take Moment Resisting Frame Type as One Package:

The moment resisting frames used in schools; as discussed in previous chapters before; are mostly intermediate and special type of moment resisting frames. So, it is recommended to go in line with all intermediate moment resisting frames system as minimum requirements. Also; all requirement of every type of moment resisting frame shall be taken as one package together. As there is no sense in using the details for joints of Special moment resisting frame and ignoring the minimum requirements of dimensions of the special moment resisting frames.

Another issue in using moment resisting frames system; that it is necessary to keep compatibility in joints dimensions keeping beam-column connection without any projection. This enables easy use for special reinforcement of joints.
7.2.6 Non-Structural Components:

The non-structural components shall be fixed very well to be stable and fulfill all design needs as per codes. The nonstructural components shall be modeled with the main structure, else; it is a must to be isolated from structure keeping it stable.  
7.2.7 Always advancing based on-site conditions:

The structural requirements mentioned and discussed in this thesis represent main criteria for improvement and shall always considered advancing based on special needs for every specific site condition regarding schools' structures of high importance level in safety and accuracy.
Also; developing process shall be improved so we can convert moment resisting frames systems to special systems for schools with some additional elements that make it in better conditions structurally.
7.3 Minimum Geometric Requirements:

Keeping Structural design of Schools controlled and improved by using the following dimensions (as a full package) are recommended as minimum values generating better conditions to schools as per codes of practice and our future vision for safer schools:

7.3.1 Columns Dimensions: 

Avoiding reaching the case of strong-beam weak-column; it is recommended using the limitation which is a part of special moment resisting frames conditions; that is as following:

a)  Short Dimension of Column cross section shall not be less than 300mm.
b) Ratio of short direction of column cross section to long direction not less than 0.4.

Strengthening Columns is very important to the whole structure; so using square columns and/ or circular one with high confinement is preferable.
7.3.2 Beams Dimensions: 

Beams shall be compatible with column dimensions so symmetry in geometry and ease of implementation could be achieved; as this issue keeping the Column beam joint in high quality of performance.

7.3.3   Slab System: 

The best type of slab recommended to be used with moment resisting frame system is the solid slab type, avoiding using any ribbed slabs with hollow blocks that may fall due to insufficient friction connection with joists.
Actually; no cases of failure in hollow block ribbed slabs are recorded yet; but in such structures of high importance avoiding the danger sources of any probability is a priority.
7.3.4 Walls inside: 

Using reinforced Walls (shear wall, … etc.) is very essential for schools' structures that shall strengthen the weak direction of structure and decrease the time period as discussed before.
Also; it is recommended to use corner shear walls in all structure boundaries as minimum shear walls and it is preferred to have internal shear walls in the weak direction of the structure.

7.3.5 Structural System: 

Although it is a common practice in schools in Palestine to have moment frames systems as a condition of governmental departments to have moment frames systems; it is worth to mention that the improvement of schools needs additional shear walls of the system as well as it is preventing the torsional case that may occurs without these shear walls. Also; shear walls increase the rigidity of the vertical elements of the structure. 
7.4 Time Period Control:

Referring to chapter six; it has been found that several cases of structural elements distributions possible to be implemented in schools have different time periods limitations; and according to our rules for avoiding high displacement of such structure that may cause damages and failures in the non-structural components with respect to its use as shelters; at the same time, it is essential to avoid and preventing laying on resonance phenomenon periods of structures.
So; accordingly, and based on results it is recommended to follow the following rules for achieving the best time period of schools' structures;
a) It is essential not to use pure moment frame system due to its several restrictions like large time period, large displacement, and torsional behavior, which had bad effect on the rigid structure that shall be achieved.
b) In any case; it is important to use corner shear walls that will prevent torsional behavior of structure and decrease its time period closing it to rigidity case.
c) Time periods limitation of schools' structures shall not exceed 0.15 sec in any case. So, this ensures rigidity of the structure under any conditions of topography.
d) It is recommended in high level of importance to include structural system shear walls inside the structure in both horizontal and vertical directions with distribution and arrangement compatible with all needs of dimensions.

e) The best system of structure for schools' buildings is to include shear walls in both directions no matter columns dimensions are.
7.5 Management & Improvement:

Based on all what have been mentioned; the following recommendations are highly recommended to be approved by decision makers reaching the goals of this thesis hoping permanent improvement for schools will be done:
i. Establish monitoring system in coordination with technical research study association of universities, doing all needed periodic monitoring and observation recording all data required for any further needs of schools' buildings.

ii. Retrofitting of all existing schools using all possible measures.
iii. Design of Schools shall be based on regarding all needs of high quality and performance assumptions and codes requirements.
iv. It does worth to make real simulation of schools' mockup for generating a real view for the best case of schools' design in Palestine under vibration that simulates the earthquake waves.
7.6 Future Recommended Investigations and studies:

This thesis is regarded as a first step for the development of schools design in Palestine as per rigidity behavior and main requirements, and it is recommended to make additional investigations beginning from this thesis or complementary studies that highlight designers on other visions of needs and technical views like the followings:
i. As Palestinian lands suffer from occupation; it is necessary to make studies showing which is critical to be designed for?? is it earthquakes or blast loadings?? And its direct effect on schools buildings.
ii. Push over and nonlinear analysis for schools structural Elements.
iii. Study case of irregularities in schools.

iv. Study case of using the non-Structural and non-building components in schools' buildings and its impact on main building regarding its stability and/or ability to use.

v. Comprehensive investigation for hollow block ribbed slabs to study interlock between hollow blocks and surrounding concrete under actual moments and cases of loadings.

vi. Investigating the Effects of masonry walls on the structural behavior of schools' buildings.
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Appendices
Appendix A: Calculation of superimposed dead load:
Table A.1 shows the common densities of the construction materials according to the Jordanian code for loads and forces. 
Table ‎0‑1: Densities of commonly used construction materials in Palestine

	Material type
	Density

 (kN/m3)

	Fill materials (fine aggregate)
	18

	Mortars
	22

	Plastering
	22

	Reinforced concrete
	25

	Tiles
	24


The common thicknesses of the slab covered materials are the following:

· 3cm tile thickness.

· 2cm mortar thickness.

· 10cm fills under the tiles.

· 1.5cm plastering thickness.

0.5kN/m2 is used for internal partitions, and the total superimposed dead load (SID) will be as the following: 

[image: image214.png]SID =0.03X 24+ 0.02X 22+ 0.1 Xx18+0.015 %X 22 + 0.5




[image: image215.png]SID = 3.79kN/m? — use 4kN /m?





Appendix B: Checks for sizes of structural members:
B1-check for One way solid Slab thickness:
according to Table 7.3.1.1 in ACI 318M-14, the minimum thickness for the one way solid slabs for for one end continous, is equal to [image: image217.png]


 .
The most critical case in all layouts is equal to 2.5m for short beams.

[image: image218.png]



[image: image219.png]=~ the provided 0.2m slab thickness is ok




B2-check for shear wall thickness

according to Table 11.3.1.1 in ACI 318M-14, the minimum thickness of the wall equals to the maximum of (100mm, [image: image221.png]


 unsupported floor height).

[image: image222.png]Nywail min = Max(0.10, —) =0.12m




[image: image223.png]=~ the provided 0.2m wall thickness is ok




Appendix C: Check of Equilibrium:

This section will show verification for all proposed models in equilibrium that ensure the modeling process of using the software: 
Table ‎0‑2: Equilibrium Check for all Models
	Type of Element
(Model A)
	[image: image224.png]



(kN/m3)
	Dimension (m)
	Mass and weight modifier
	No. of Elements 
	Factored weight 

	
	
	Length   
	Width    
	Depth
	
	
	(kN)

	Slab
	25
	133.5
	1
	0.2
	1
	3
	2002.5

	Beam
	25
	107.3
	0.3
	0.6
	0.67
	3
	970.53

	Column
	25
	3
	0.3
	0.6
	0.87
	63
	739.94

	 
	 
	 
	 
	 
	 
	∑
	3712.97

	Global FZ-SAP Result
	3653

	Error %
	1.6%


	Type of Element
(Model B)
	[image: image225.png]



(kN/m3)
	Dimension (m)
	Mass and weight modifier
	No. of Elements
	Factored weight

	
	
	Length   
	Width    
	Depth
	
	
	(kN)

	Slab
	25
	133.5
	1
	0.2
	1
	3
	2002.5

	Beam
	25
	107.3
	0.3
	0.6
	0.67
	3
	970.53

	Column
	25
	3
	0.3
	0.6
	0.87
	63
	739.94

	Corner Shear Walls
	25
	3
	2.5
	0.2
	0.74
	12
	333

	
	25
	3
	2.3
	0.2
	0.74
	6
	153.18

	
	25
	3
	2
	0.2
	0.74
	6
	133.2

	 
	 
	 
	 
	 
	 
	∑
	4332.35

	Global FZ-SAP Result
	4332

	Error %
	0.0%


	Type of Element
(Model C)
	[image: image226.png]



(kN/m3)
	Dimension (m)
	Mass and weight modifier
	No. of Elements 
	Factored weight 

	
	
	Length   
	Width    
	Depth
	
	
	(kN)

	Slab
	25
	133.5
	1
	0.2
	1
	3
	2003

	Beam
	25
	107.3
	0.3
	0.6
	0.67
	3
	970.53

	Column
	25
	3
	0.3
	0.6
	0.87
	63
	739.94

	Short S.W
	25
	3
	9.5
	0.2
	0.71
	3
	304

	 
	 
	 
	 
	 
	 
	∑
	4017.47

	Global FZ-SAP Result
	3997

	Error %
	0.5%


	Type of Element
(Model D)
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(kN/m3)
	Dimension (m)
	Mass and weight modifier
	No. of Elements
	Factored weight 

	
	
	Length   
	Width    
	Depth
	
	
	(kN)

	Slab
	25
	133.5
	1
	0.2
	1
	3
	2003

	Beam
	25
	107.3
	0.3
	0.6
	0.67
	3
	970.53

	Column
	25
	3
	0.3
	0.6
	0.87
	63
	739.94

	Long S.W
	25
	3
	15.3
	0.2
	0.76
	3
	523

	 
	 
	 
	 
	 
	 
	∑
	4236.47

	Global FZ-SAP Result
	4226

	Error %
	0.0%


	Type of Element
(Model E)
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(kN/m3)
	Dimension (m)
	Mass and weight modifier
	No. of Elements 
	Factored weight 

	
	
	Length   
	Width    
	Depth
	
	
	(kN)

	Slab
	25
	133.5
	1
	0.2
	1
	3
	2003

	Beam
	25
	107.3
	0.3
	0.6
	0.67
	3
	970.53

	Column
	25
	3
	0.3
	0.6
	0.87
	63
	739.94

	Short S.W
	25
	3
	9.5
	0.2
	0.71
	3
	304

	Long S.W
	25
	3
	15.3
	0.2
	0.76
	3
	523

	Corner S.W
	25
	3
	4.8
	0.2
	0.71
	6
	307

	
	25
	3
	4.5
	0.2
	0.77
	6
	312

	 
	 
	 
	 
	 
	 
	∑
	5159.47

	Global FZ-SAP Result
	5128

	Error %
	0.6%


Appendix D: Verification of the fundamental period for Structure:
To verify the results of periods, Rayleigh’s method (via following equation) is used for sample calculation for main structure of only frames and fixations supports. 

[image: image230.png]T =2m
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Where:

[image: image232.png]


: Lateral force at level i of the floor.

[image: image234.png]


: Elastic deflection due to lateral force at level i of the floor.

[image: image236.png]


: Gravity acceleration (9.81 m/s2).

[image: image238.png]


: Weight at level i of the floor.

For applying this method; the weight at each floor is found to be the dead load from slab own weight plus two halves of weights for columns and shear walls above and below the intended level plus the superimposed dead load at each slab level. 

The lateral force is assumed to be 1kN/m2. Elastic deflection for each floor is found from SAP2000 and used in Rayleigh’s formula as shown in next Table. 

The calculation of the total single floor dead load as shown in the following: 

· Slab own weight for single floor = [image: image240.png]133.5m? x 0.2 X 25 = 667.5 kN




· Columns (30x60) own weight in single floor =

 [image: image242.png]0.8 x 21 columns x 0.30 x 0.60 x 25 = 75.6 kN




· Drop Beams own weight in a single floor =

 [image: image244.png]107.3m Length x (0.30x0.60) x 25 x 0.67 = 323.51 kN




· Superimposed dead load in single floor=[image: image246.png]133.5x 4 = 534 kN




· Corner Shear Walls:

 [image: image248.png]1x4x(17+22)x0.20% 3 x 25 =234kN




· Shear Walls in Short direction:

 [image: image250.png]1% (6 +1.7) x 0.20 X 3 X 25 = 115.5 kN




· Shear Walls in Long direction:

 [image: image252.png]0.76 x 15 x 0.20 x 3 x 25 = 171 kN




Table ‎0‑3: Verification of the fundamental period of model (A)
	Floor
	[image: image254.png]


 (kN)
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 (kN/m2)
	Floor Area (m2)
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(kN)
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(m)
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(kN.m2)
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(kN.m)
	[image: image262.png]TRayleigh
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	Result

	MODEL A

	3
	1755.41
	1
	133.5
	133.5
	0.0037
	0.0224
	0.494
	0.393
	0.387
	Ok
(Error=2%)

	2
	1985.81
	1
	133.5
	133.5
	0.0030
	0.0158
	0.401
	
	
	

	1
	1985.81
	1
	133.5
	133.5
	0.0017
	0.0051
	0.227
	
	
	

	
	
	
	
	
	∑
	0.0433
	1.122
	
	
	

	
	
	
	
	
	Multiplied by (g)
	11.00
	
	
	

	MODEL B

	3
	1869.7
	1
	133.5
	133.5
	0.0005
	0.00047
	0.06675
	0.15
	0.16
	Ok

(Error=6%)

	2
	2076.7
	1
	133.5
	133.5
	0.0003
	0.00019
	0.04005
	
	
	

	1
	2076.7
	1
	133.5
	133.5
	0.0001
	2.1E-05
	0.01335
	
	
	

	
	
	
	
	
	
	0.00068
	0.12015
	
	
	

	
	
	
	
	
	Multiplied by (g)
	1.17867
	
	
	

	MODEL C

	3
	1753.91
	1
	133.5
	133.5
	0.0032
	0.01796
	0.4272
	0.378
	0.368
	Ok

(Error=3%)

	2
	1867.31
	1
	133.5
	133.5
	0.0026
	0.01262
	0.3471
	
	
	

	1
	1867.31
	1
	133.5
	133.5
	0.0014
	0.00366
	0.1869
	
	
	

	
	
	
	
	
	
	0.03424
	0.9612
	
	
	

	
	
	
	
	
	Multiplied by (g)
	9.42937
	
	
	

	MODEL D

	3
	1796.81
	1
	133.5
	133.5
	0.0016
	0.00459
	0.2136
	0.267
	0.27
	Ok

(Error=1%)

	2
	1910.21
	1
	133.5
	133.5
	0.0012
	0.00275
	0.1602
	
	
	

	1
	1910.21
	1
	133.5
	133.5
	0.0006
	0.00069
	0.0801
	
	
	

	
	
	
	
	
	
	0.00804
	0.4539
	
	
	

	
	
	
	
	
	Multiplied by (g)
	4.45276
	
	
	

	MODEL E

	3
	2143.61
	1
	133.5
	133.5
	0.00012
	3.1E-05
	0.01602
	0.079
	0.0895
	Ok

(Error=6 %)

	2
	2350.61
	1
	133.5
	133.5
	8.4E-05
	1.7E-05
	0.01121
	
	
	

	1
	2350.61
	1
	133.5
	133.5
	3.9E-05
	3.6E-06
	0.00521
	
	
	

	
	
	
	
	
	
	5.1E-05
	0.03244
	
	
	

	
	
	
	
	
	Multiplied by (g)
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الملخص

من الدراج والمعمول به في معظم الدول والمجتمعات حيازة المدارس لخصوصية عالية ودرجة كبيرة من الاهتمام فيما يتعلق بالتصميم والتنفيذ الهندسي، وذلك بهدف الوصول إلى أسمى درجات الاستخدام الآمن والصالح. فالمدارس باحتضانها للأساس الذي سيقوم عليه مستقبل المجتمعات والبنية التحتية للتقدم المرتقب في أي دولة، تجعلها تحظى بدرجة عالية من الأهمية والتركيز على بنيتها المادية؛ مما يعني ضرورة ضمان متانتها وديمومتها والحفاظ على سلامة كامل مكوناتها، بالإضافة إلى الممارسة البدهية عالمياً باستخدامها كملاجئ حال حدوث الكوارث الطبيعية والبشرية المختلفة، وفي حالات الطوارئ المتعددة.
إن الأهمية القصوى والكبيرة لهذه المنشآت -المدارس- تضعنا أمام مسؤولية مجتمعية وأخلاقية ومهنية تتجاوز المصالح الشخصية، وتحتم علينا في مجال التصاميم الهندسية والإنشائية ضمان العمل على تقديم أقصى درجات الحرص والأمان، لوقوف هذه المنشآت الهامة أمام كافة المخاطر والتي منها على سبيل المثال لا الحصر الأخطار الزلزالية.
وهنا ومن خلال هذا البحث؛ فإننا نقدم دراسة علمية هندسية تقيم الأثر الطوبوغرافي وأثر تغيراته على السلوك الزلزالي، وما ينتح عنه من اختلاف في تصميم منشآت المدارس العامة في الأراضي الفلسطينية، بالاستناد إلى الزمن الرئيسي للمنشأ وارتباطه بالأكواد العالمية المعمول بها. 
فمن الثابت علمياً أن السلوك الزلزالي يختلف من منطقة إلى أخرى ومن منشأ إلى آخر حسب معطيات ومتغيرات عديدة، منها وبشكل أساسي طبيعة التربة التي سيقام عليها المنشأ، فمن هنا و من الممارسات البعيدة عن الصواب وجود نفس التصميم الزلزالي لعدد من المدارس الموجودة في عدة أماكن مختلفة التضاريس والسلوك الزلزالي. فالتضاريس المختلفة تؤثر وبشكل مباشر على معاملات التصميم الزلزالي، واعتبارات الأنظمة المستخدمة، ودرجة الأهمية للمنشأ، وطرق التحليل الإنشائي المختلفة.
استهدفت الدراسة عدداً من التصاميم المختلفة للمدارس العامة في الأراضي الفلسطينية، لجمع المعلومات الإحصائية حول طبيعة الممارسة في السنوات السابقة الأخيرة، وقامت باستثمار المعلومات الإحصائية بعمل ثلاثة نماذج لمدارس في ثلاث مناطق مختلفة التضاريس (أريحا 
ورام الله وقلقيلية) وتمت دراسة هذه النماذج الثلاثة ومقارنة نتائجها المختلفة والخروج بالتوصيات اللازمة بالاستناد للزمن الأساسي للمنشأ كحد أدنى في الوصول إلى سلامة المنشآت العامة ضمن عدة أنظمة إنشائية لنفس المنشأ، وتم الوصول إلى نتائج ورؤية شاملة عامة لأفضل وسائل وأنظمة التصميم الإنشائي للمدارس في الأراضي الفلسطينية المحتلة.
تم استخدام عدة وسائل في التحليل والتقييم الإنشائي المستند إلى الأكواد المعمول بها محلياً مثل برنامج العناصر المحدودة (SAP)، وقد تم التحقق اللازم من النتائج التي تم الوصول إليها لضمان وثوقية البرنامج وكافة مخرجاته.
تم الوصول إلى نتائج مثيرة للاهتمام تضع المصمم الإنشائي على الطريق السليم للتصميم الإنشائي الآمن، ضمن الفرضيات اللازمة التي تطور هذه المنشآت من النواحي الإنشائية، وتضع لبنة أساسية في استكمال كافة عناصر التطوير للمنشآت الخاصة، وكذلك فإن الدراسة قامت بربط بعض الحاجات التصميمية بالممارسة العملية الصحيحة مما يعني ربط التصميم بحاجات التنفيذ المختلفة. وتم التوصل إلى الحالة المثلى لقيم الزمن الأساسي لمنشآت المدارس التي يجب أن يراعيها المصمم أثناء عملية التصميم.
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