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SECTION 1 

INTRODUCTION 

1.1 RESEARCH PLAN OF TCCMAR 

The U.S.-Japan Coordinated Program for Masonry Building Research 

is coordinated on the U. S. side by the Technical Coordinating 

Committee for Masonry Research (TCCMAR). The goal of the TCCMAR 

research program is to formulate design recommendations for 

reinforced masonry. Progress to this goal begins with material 

model testing. It develops into masonry component testing and 

assemblage testing. Mathematical models are developed 

concurrently with experimental work and are validated by the data 

obtained in the testing. The final validation model is the full­

scale research building. 

The TCCMAR research was planned to cUlminate its experimental 

research with the testing of a full-scale building comparable to 

the full-scale reinforced masonry research building built and 

tested in Japan. The criteria for the TCCMAR research building 

was that it would incorporate the materials, construction 

techniques and design procedures that are indigenous to the 

United states. 

1.2 CATEGORY 9 RESEARCH 

Category 9 tasks of the TCCMAR research program include a 

preliminary and final design of a full-scale test structure, 

planning and construction of a test facility, preparation of a 

test plan, construction of the test structure, and conducting a 

full-scale test of a multistory reinforced masonry building. 

Task 9.1 , Design of Reinforced Masonry Research Building, is 

divided into two parts. The Phase 1 task includes the 

development of preliminary designs for candidate research 
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buildings, estimation of the story shear capacity of each 

candidate building, estimation of the interstory force­

displacement characteristics in both the elastic and inelastic 

range, and the reporting of the data to TCCMAR members. 

Task 9.1 is coordinated with Tasks 2.1, 2.2 and 2.3 of category 2 

research. The preliminary mathematical models developed in these 

tasks are utilized to estimate inters'tory component capacity and 

force-displacement characteristics. 

Task 9.1 provides data for Task 9.2, specific Test Facility 

Requirements; Task 9.3, Facility PrE~paration; Task 9.4, Full­

Scale Test Plan; and Task 9.1 - Phase II, Design of Reinforced 

Masonry Research. Building. 

The candidate research building should. represent an assemblage of 

masonry components and common structural materials that equals 

the complexity of the component testing, both in geometric 

relationships and in randomness of openings in the reinforced 

masonry walls. The constraint on the selected geometry of 

masonry components was that the research building should 

reasonably match current reinforced ma.sonry construction. 

A range of load-capacities of the reinforced masonry components 

that interconnect the stories of -the research building are 

estimated to provide data for Task 9.2, specific Test Facil i ty 

Requirements. 

The preliminary design of the research building utilizes all 

facets of completed TCCMAR research to plan a combination of 

reinforced masonry components that \Idll have, at maximum test 

displacements, shear and flexural strain magnitudes that are 

characteristic of inelastic displacements. 
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1.3 RESEARCH OBJECTIVES 

The overall plan of the TCCMAR research includes the testing of a 

full-scale research building. The test of the full-scale 

building will validate the mathematical models that include the 

contribution to in-plane structural stiffness of horizontal and 

out-of-plane elements. 

The specific objective of Task 9.1 is to design a research 

building that will incorporate all facets of prior component 

testing and mathematical modeling into a single test structure. 

The research building must provide a full-scale assembly for 

instrumentation and be equal to the complexity of pr'edicting 

force-displacement and strain relationships for the reinforced 

masonry components that were previously tested. 

1.4 RESEARCH PLAN 

The research plan of Task 9.1-1 is composed of the following sub­

tasks: 

Identify candidate mUltistory masonry buildings that 

represent a significant portion of current masonry 

construction. 

Develop a 

building. 

schematic research building for each candidate 

Incorporate into the research building, 

structural components that will significantly influence the 

structural response to seismic ground motions. 

Develop preliminary structural designs for the proposed 

reinforced masonry research buildings with consideration of 

the seismic design requirements of the hazard zones of the 

United states (ATC 1978) (EHI1984) (UBC 1982). 
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Report the results of the research to TCCMAR. 

general configuration of the research building. 

Develop the 

Coordinate with Task 9.2, Facil it:y Requirements. Report the 

results of the research. 
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SECTION 2 

DEVELOPMENT OF THE RESEARCH BUILDING 

2.1 CRITERIA FOR SELECTION OF THE CONFIGURATION 

The selection of the research building as a mUltistory building 

in excess of five stories dictated that the building be of 

incombustible materials with a minimum fire rating of the 

structural components of one hour. The fire resistance criteria 

is common to building codes throughout the United states. To fit 

this materials' criteria, a concrete floor assembly was selected. 

Reinforced masonry buildings of this height are commonly bearing 

wall buildings with the reinforced masonry walls providing the 

vertical load carrying system and the lateral load resisting 

system. 

Two typical configurations of bearing wall buildings were 

selected as candidates. Each had a single structural wall in the 

loading direction line B, Figure 1, and bearing masonry walls 

perpendicular to line B. Both of the proposed configurations had 

a single reinforced masonry wall coincident with the center of 

the laboratory strong wall. The load bearing walls, lines 1, 2, 

3, and 4, Figure 1, stabilize the test wall and add flanges to 

the structural elements that comprise the lateral load resisting 

wall. 

A single wall in the test loading direction was common to both 

preliminary designs, to minimize the total forces required to 

displace the wall to its peak strength, and to eliminate changes 

in the plan location of the center of resistance that would occur 

if multiple non-symmetric lines of walls were in loading 

direction. The common strain in the load bearing walls at their 

juncture with the lateral load resisting wall, line A, does cause 

the top of the walls to displace perpendicular to the loading 

direction. The stiffness of these walls in the load-normal 
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direction greatly exceeds the stiffness of the wall on line A. 

The loading devices will be planned to accommodate these 

displacements normal to the loading direction. 

Figures 1 and 2 illustrates the research building selected by the 

TCCMAR members. The differences of the two candidates were 

small, the configuration selected was based on the similarity to 

common configurations, stiffness in 1:he load-normal direction, 

and the complexity of analytical solutions for strength and 

stiffness. 

2.2 CRITERIA FOR THE STRENGTH AND STIFFNESS 

The TCCMAR group has indicated that the full-scale testing will 

be by a Generated Sequenced DisplacE~ment (GSD) rather than a 

sequentially phased displacement series. GSD testing is also 

described as pseudo-dynamic testing. In this testing procedure, 

the displacements are computer con.trolled to simulate the 

structural response to a time-history of ground motions. The 

preliminary estimates of stiffness of the structural elements are 

revised at each load increment by data derived directly from the 

research building. GSD testing requires that the stiffness data 

points taken from the specimen have a E~inimum of discontinuities. 

Very stiff structures have a probability of discontinuity of 

stiffness data points. This is principally due to the difficulty 

of measuring small strains in the research building. 

The initial stiffness of the research building should be a 

minimum and the cracking and yielding of the structural elements 

should cause a smooth progression of n()n-linear displacements. 

These criteria indicated that the research building should have a 

peak strength that is appropriate for a seismic zone of 0.2 g 

intensity (ATC 1978). This design strength level will be 

appropriate for the described strength criteria. 
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The initial stiffness of the test building is not related to the 

probable peak strength. The reinforcing patterns have the 

principal influence on the peak strength. The rate-change in 

stiffness is related to the configuration of the structural 

elements and their relative stiffness at a common displacement. 

The opening pattern in line B was planned to simulate a 

reinforced masonry bearing wall building and to provide a smooth 

transition in stiffness degradation. The location of walls 

normal to the test wall, line B, cause the vertical reinforcement 

patterns to deviate from a desirable pattern and a desirable 

vertical reinforcement ratio. The flange effect, excess 

quantities of effective vertical reinforcement, can be partially 

offset by horizontal reinforcement patterns that allow tension 

field (shear) softening. 

2.3 DESCRIPTION OF THE RESEARCH BUILDING 

The research building is shown in plan in Figure 1. This plan is 

typical of levels 2 through 6. The floor construction is six 

inch thick hollow core pretensioned precast planks. The planks 

are covered with reinforced two-inch thick cast-in-place 

concrete. The planks bear on the masonry walls at lines 1 

through 4. The floor extends from line B to C to simulate an 

entry balcony and to provide access for instrumentation and for 

the observation of the behavior of the research building. This 

portion of the floor is supported on a framework of steel tubes. 

The elevation of the test wall is shown in Figure 2. The door 

and window openings are typical of each level, and each unit is 

typical or reversed plan. There is no wall at line A. This plan 

replicates a hotel suite or apartment building that is planned 

for a desirable view such as at the ocean front. 

The bearing walls, lines 1 through 4, support the precast plank 

floor and stabilize the test wall, line B. These walls are 
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reinforced vertically with uniformly spaced reinforcement. The 

reinforcement patterns are determined by estimates of the 

response to a seismic zone of 0.2 g intensity (ATe 1978). These 

walls are not penetrated by openinq-s as they represent the 

division walls between occupants. 

2.4 COMPONENTS OF THE RESEARCH BUILDING 

The masonry units used for the research building are 6 x 8 x 16 

inch nominal concrete blocks. Mortar is type S and the grout is 

coarse grout with an admixture to offset shrinkage. The 

anticipated prism strength is 3000 psi at 28 days. Open end 

blocks will be used to lay up the wall where splices at the floor 

levels are not detailed. Horizontal reinforcement is laid in 

bond beam blocks and terminated in a s'tandard hook. All grout is 

consolidated by mechanical vibration. All masonry units are laid 

in running bond. 

Reinforcement, #4 and larger, are specified as conforming to ASTM 

A 615, Grade 60. #3 bars are specified as Grade 40. The yield 

and ultimate stress of all the reinfclrcement will be determined 

by testing of the reinforcement. All the reinforcement as 

identified by a heat number will be tested. Non-identified 

reinforcement will not be used. ~rhe reinforcement will be 

centered in the masonry unit and wired in place at the bottom of 

the grout pour. The top of the reinforcement bar will be held in 

the center of the unit by a wire spacer. construction joints 

will be at the top of each floor level, 1 through 6, and below 

each floor level as shown on Figure 7. 

The sequence of construction is as follows: 

The masonry units are placed to the bottom of a floor level. 

The reinforcement is placed with extensions to the detailed 

splice position above the floor level. 
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Grout is placed in a single pour with maximum lifts of four 

feet. The grout level is held below the top of the top unit 

to form a key for the next lift. 

The precast plank floors are placed on the bearing walls. 

The plank bears on the face shell of the masonry units. 

A cut block is placed for an edge form at the exterior walls 

and the reinforcement for the topping is placed. 

The planks are supported by temporary shoring at their 

center to minimize their relative deflections during the 

placement of the concrete topping. 

The keyway between the planks is grouted during the concrete 

placement by dragging a small vibrator over the joint during 

the concrete placing operation. 

,The topping concrete is screeded to the floor level to 

complete a story. 

The operation repeats with the mason placing the next story 

walls on a prepared construction joint at the floor level. 

Construction joints at the bottom of a story height wall are made 

by exposing clean aggregate to a one-quarter inch amplitude. The 

first course above the construction joint will have cleanouts for 

the removal of mortar droppings and debris at every vertical bar. 

In addition to these cleanouts, a minimum of one cleanout per 

unit will be provided. The first unit laid above the 

construction joint will have a cutout of the crosswebs, similar 

to a bond beam block, top and bottom. The top cutout is to 

accommodate horizontal reinforcement; the bottom cutout is to 

allow an air or hose stream to sweep the construction joint clean 

from cleanout to cleanout. 
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SECTION 3 

DESIGN OF THE RESEARCH BUILDING 

3.1 NON-TECHNICAL DECISIONS 

TCCMAR decided in its early deliberations that the five-level 

research building is a segment of a larger building. The 

location of the segment excised from "the larger building was not 

fully defined, but it is considert~d to be a portion with 

addi tional stories above the fiv~~-levels of the research 

building. The horizontal extent of the larger building is 

greater than the research building bu"t the repetitiveness of the 

wall element configurations will minimize any length effect. 

The depth of the floor system perpendicular to the line B, was 

selected to provide adequate stabili"ty to the test wall. The 

floor system in itself is not tested in this experiment as a part 

of a complete structural system. The transfer of the applied 

loads to the test wall is a test of the connection of the floor 

to the wall, but the other joints of the floor system are not 

loaded. 

This loading is not representative of inertial response to ground 

motions, but the presence of the floor system will have a 

significant effect on the strength and stiffness degradation of 

the test wall. 

3.2 DESIGN DECISIONS 

During the process of selecting a configuration for the research 

building, the following design decisions were made: 

six-inch concrete masonry units were selected for all 

reinforced masonry walls. This e:ize was selected to match 
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the structural element testing and to minimize the strength 

and stiffness of the research building. 

The research building is considered as a segment of a larger 

multi-story reinforced masonry building. The design 

strength of the segment will assume that the full prototype 

structure is constructed in a seismic zone other than 

California, Nevada, or Alaska. The seismic zone is taken as 

EPA=O.2 g (ATC 1978). 

The concrete masonry units will be solid grouted. 

Construction joints, connections of the floors to the walls, 

and similar construction details will be planned to minimize 

construction flaws and difficult grout placement. 

Minimum vertical reinforcement to meet the strength 

requirements should be used. However, a decision was made 

to provide a minimum of four vertical bars in a pier. These 

bars will be evenly distributed over the pier width. The 

horizontal reinforcement patterns will be planned to have 

acceptable shearing distortion ductility_ The quantity of 

horizontal reinforcement will be selected to provide a peak 

pier strength that is limited by the principal compressive 

strains at the edge of the pier. 

Splices in the vertical reinforcement will not be made in 

critical compressive strain zones. The vertical bars that 

are within the compression block dimension will be spliced 

in stress zones that are seventy to eighty percent of the 

maximum stress. 

national codes. 

Lap length will be that now specified in 

The . test wall will include a wide variety of structural 

assemblies linked by the floors. These assemblies will have 

a wide variation in their displacement at peak strength. 
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yield in the initially stiff assemblies will transfer load 

to the more flexible elements and provide a smooth 

transition in stiffness to the combined peak strength value. 

The subtypes of structural elements is as follows: 

o A wall with a central window opening, a wall 

intersection (flange) at one edge, and minimal coupling 

beams at the other edge. 

o A slender wall with a wall intersection at the center 

of the pier and minimal coupling beams at both wall 

edges. 

o A broad-based wall with two symmetrical window 

openings, a wall intersection at the center of the wall 

and minimal coupling beams a.t both wall edges. 

o A very slender wall with a. wall intersection at one 

edge and minimal coupling beams at the other edge. 

A reinforced masonry wall will extend to typical window sill 

height above level six. This wrall will not be continuous 

over the typical door lintels. 'l'he wall extension maintains 

the stiffness relationship of the! assemblage at lower levels 

of "beam", "column" and "joint". 

Use of shear keys in addition tlO the detailed construction 

joints at level one was considerE!d. The shear keys would be 

in the central half of the wall section. Shear keys are 

not recommended for the research building because the 

flexural yielding at the wall bas:e is not expected to be the 

dominant mode of displacement. 
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3.3 DESIGN PROCEDURES 

The Phase 1 design of the research building was completed prior 

to development of the analytical programs of TCCMAR Category 2 

research. Analytical programs for the review of engineering 

designs are developed concurrently with the Phase 1 research. 

The current status of the analytical research is a validation 

phase. The experimental research utilized for the validation is 

Category 3, Task 3.1 (a) . This experimental research is the 

cyclic testing of six. feet square reinforced masonry panels. 

These panels represent a fixed base single degree of freedom 

structural element. Analytical concepts developed during the 

validation research were used when applicable, but the design of 

the research building was based on available strength design 

theory that is similar to reinforced concrete design theory. 

The effect of flanges, wall returns I or intersections I on the 

pier sections are known to have a very significant modification 

of the peak strength and the symmetry of the strength of 

reinforced masonry systems. To quantify this effect, the walls 

perpendicular to the test walls were designed in accordance with 

a concept of probable future seismic design requirements. 

The dead and live load of the full-scale research buildings was 

calculated in accordance with the concepts developed by TCCMAR. 

The pretensioned floor planks were designed to meet the minimum 

requirements for the support of design dead and live loads. 

These planks are part of a structural assembly that couples the 

pier elements, Figure 2. It is desirable to minimize coupling 

moment capacity. The estimated end moments cause the associated 

shear to exceed the probable shear capacity of the combined floor 

- masonry' beam sections. Addition of shear reinforcement in the 

grouted core of the masonry over the door, may not be fully 

effective in limiting damage to the masonry and/or floor I when 

the masonry section is loaded with combined principal compressive 
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and normal tensile strains. Minimization of the preload in the 

planks and in the area of the prestress strand was the design 

goal. 

The design of the reinforced masonry walls perpendicular to the 

test walls was based on estimates of the structural response to 

ground motions of an intensity of 0.2 g. A structural 

amplification of 1. 5 and an element amplification of 2.0 was 

estimated. (Appendix' A, Pg. WI) The s.pacing of the reinforcement 

required for the un factored strength was less than that 

considered rational for uniform stress distribution. A vertical 

reinforcement of #4 bars at 48 inch spacing was chosen as a 

minimum. The axial load per story was computed, and the number 

of stories of the full-scale building was determined to be seven. 

As discussed previously in section 3, the research building is a 

segment of a larger building. The! basis for the number of 

stories was that the axial compressive stress at the wall base 

would be about 0.2 kips per square inch when loaded with the dead 

load of five levels and the superimposed load of the theoretical 

additional stories. The superpositicm at additional loading at 

the sixth level to stimulate the added stories is experimentally 

feasible. The total of the superimposed load is 270 kips. 

(Appendix A, Pg. W2). 

The weight of the theoretical seven s:tory building was estimated 

as 1,200 kips. The probable minill1lUm moment capacity of the 

transverse walls is slightly less 'than the probable required 

strength but is considered adequate. (Appendix A, Pg. Ll). The 

base shear associated with the requi.red strength normal to the 

test wall was estimated as 480 kips (Appendix A, Pg. L2). The 

required horizontal reinforcement of #4 at 32 inch spacing was 

calculated by use of a formula developed by the U.S.-Japanese 

Cooperative Research (Matsumura, 1987). The vertical and 

horizontal reinforcement is shown in lPigure 3. 
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The probable moment strength of piers 1, 2, 3 and 4 were 

calculated using different concepts of the strength of the 

coupling beams. Piers 1, 2, 3 and 4 are the shear wall 

structural elements as shown in Figure 2. The numbering of the 

elements corresponds to the piers, from left to right, that are 

linked by coupling beams. The probable flexural strength is 

based on a simplified representation of the flexural strength 

that does not calculate compressive strain at the fixed base. 

The design of the' horizontal reinforcement is based on the 

estimated flexural strength. The total of the flexural strengths 

of the four piers was used to determine a probable base shear 

parallel to the test wall and a distribution of this base shear 

to the piers (Appendix A, Pg. L8). The probable base shear was 

estimated for two different stiffnesses and end rotations of the 

coupling beams. 

3.4 RESULTS OF THE PRELIMINARY DESIGN PROCESS 

The design process determined the quantities and distribution of 

the reinforcement within the reinforced masonry. The 

configuration of the masonry was determined by the process 

described in section 2 and 3. 

The quantities and distribution of the masonry reinforcement is 

as follows: 

The transverse walls on lines 1, 2, 3 and 4 are reinforced 

with #4 bars at 48 inches on center vertically. The 

horizontal reinforcement is #4 bars of 32 inches on center. 

One #4 bar is placed at each floor level. The vertical 

reinforcement is uniformly spaced as indicated on Figure 3. 

The test wall is vertically reinforced with #4 bars as shown 

on Figure 2. Figures 4, 5 and 6 indicate the specific 

details of the reinforcement. A minimum of four #4 bars are 
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in each pier, (wall section bE~tween doors and windows). 

When intersecting walls require an additional vertical 

reinforcing bar, Detail J, Figure! 7, maintenance of symmetry 

requires that five #4 bars be used. 

The vertical reinforcement in the: wall beams above and below 

the window is #4 bars spaced at 24 inches. These bars are 

terminated by a standard hook at: the window head and sill. 

The vertical bars are spliced at each floor level. 

The horizontal reinforcement in the piers at the window 

level is #4 at 8 inch spacing in levels 1, 2 and 3. The 

horizontal reinforcement is #3 at. 8 inch spacing in levels 4 

and 5. A #4 horizontal is continuous above the window and 

door. Two #4 bars spaced at 8 inches are continuous between 

doorways. Additional horizonta.l reinforcement below the 

window is spaced at 16 inches c::m center. All horizontal 

reinforcement is terminated with a standard hook. 

Horizontal reinforcement in the piers between the doors, or 

door and wall corner is #4 bars a.t 16 inches on center. The 

first bar is placed in the first: masonry unit that is laid 

at the floor level. Horizontal reinforcement is terminated 

at a door edge in a standard hoo]{ or by a 90 degree bend at 

the wall corner. 
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SECTION 4 

CONSTRUCTION DETAILS OF THE RESEARCH BUILDING 

4.1 FLOOR SYSTEM 

The floor system is an assembly of six inch thick hollow core 

planks. The preliminary design is based on the use of a plank 

that is manufactured on the West Coast. This plank is one meter 

in width and the module is 3 feet, 4 inches. The planks are 

factory cast in a prestressing bed. The planks are pretensioned 

with four prestressing cables. The prestressing stands are 3/8 

inch round with a minimum ultimate stress of 270 kips per square 

inch. 

The plank is topped with two inch thick concrete. The topping 

concrete is reinforced with #4 bars at 18 inches perpendicular to 

the planks. continuity of the longitudal tensile capacity of the 

plank is provided by #4 bars at 12 inch spacing at the ends of 

the planks. 

The planks are supported on mid-center shoring during the field 

concrete placing operation. The edge keyway is grouted during 

the concrete placing operation. 

4.2 INTERCONNECTION DETAILS 

The research building is constructed of three. structural 

materials. Plant produced pretensioned concrete floor panels, 

site manufactured reinforced masonry and on site-cast reinforced 

concrete topping on the floor planks. These materials are 

integrated on site by reinforcement. The manufacture of the 

floor planks essentially prohibits extension of reinforcement 

from the off-site manufactured planks. The interconnection of 

these units to the structure must be accomplished by bonding the 
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topping to the floor plank and embedding interconnection 

reinforcement in the topping. 

The pretensioned plank provides a very substantial quantity of 

reinforcement at the floor level when the plank is parallel to 

the masonry wall. In addition to this reinforcement, the plank 

is precompressed. Diagonal tension cracks will be intercepted 

and constrained at each floor level. The anomaly in strain at 

the upper and lower boundaries of the floor will increase 

transfer stress at the juncture. These interconnections are made 

in the research building by the cast-in-place concrete. The 

topping is bonded to the top and edge of the plank and is cast 

into the cells of the masonry unit below the floor level. Detail 

A/7, B/7, C/7, and 0/7, Figure 7, illustrates the interconnection 

of the floor system to the masonry wall system. Detail D/7, 

Figure 7, illustrates the special case where the floor system and 

a portion of the masonry wall forms a coupling beam. The strain 

transfer at the bottom of the floor !;ystem will probably exceed 

the materials capacity. Degradation of this joint is 

anticipated. The closely spaced vertical reinforcement in this 

beam, #3 bars at 8 inches on center, i.s specified to minimize the 

probability of detachment of the masonry units. 

Interconnection of the masonry walls at corners and intersections 

are made by grouted cores that join the vertical grout cores, 

Detail I/7, J/7, Figure 7. These details are not common to 

current construction practice but arE~ required for the research 

building~ The flange effect has a very substantial modification 

of the flexural strength of a pier; the shearing strains that are 

associated with these flexural st,rengths require that the 

interconnection strength be equal t() the shearing strength of 

masonry laid in running bond. 
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4.3 ANCHORAGE AND SPLICING OF REINFORCEMENT 

Horizontal reinforcement is terminated at a door or window edge 

wi th a standard hook around the vertical reinforcement. At a 

corner,. the horizontal reinforcement terminates with a 90 degree 

bend. It is lapped a splice length with the horizontal 

reinforcement in the intersecting wall when the horizontal levels 

of the reinforcement coincide. Horizontal reinforcement is 

spliced with a 40 diameter lap in the center of the pier, when 

the pier length exceeds. three times the splice length. When the 

pier dimension is less than this multiple of splice length, the 

horizontal reinforcement is continuous. 

Horizontal reinforcement is not spliced in beam sections. The 

wall assembly is considered as an assembly of a beam, column and 

joint. Beam reinforcement (horizontal bars) is spliced in the 

center of a joint. 

Vertical reinforcement, with some restrictions, is generally 

spliced with a 40 diameter lap immediately above each floor level 

(including level 1). Splicing of the vertical reinforcement is 

limited to reinforcement that is not within the estimated in­

plane length of the flexural compression block. Vertical bars in 

this zone may not be spliced. These edge bars may be spliced at 

the floor level above the critical level. 

applicable to the edge bars at the doorway. 

4.4 LOADING SYSTEM 

This restriction is 

Design of a loading was not a part of this research. However, 

schematic planning for loading the research building was 

coordinated with Task 9.3 of Category 9 research. It is 

anticipated that the load application will be at each floor level 

by four steel struts that are symmetrical with the intersection 

of the floor level and the test wall at line B. 
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openings are required through the traverse walls, lines 1, 2, and 

3, to allow the load strut to load each bay, Figure 3. The 

maximum probable load to be applied t;o the research building is 

780 kips. The loading application pr()bably will require that 30 

percent qf the total base shear be applied at a single level. 

The uniform application in each bay of this loading would require 

a connection capacity of about 40 kips per load point. The load 

must be applied uniformly to each bay; this requirement implies 

that the load strut is infinitely stiff, a condition that is 

impossible to attain.. Loading of the floor slabs through 

elastoplastic shear elements of variable thickness in conjunction 

with a variable section load beam can approach the ideal 

condition. 

The displacement at the top of the re:search building at the peak 

strength cannot be determined at this time. However, an 

estimation that the peak strength will coincide with a drift 

angle of 1/100 is supported by the Japanese experimental program. 

This estimation of peak strength is at. a greater drift angle than 

that determined by the three-story high Japanese specimens, 

(Yamazaki, 1987). The estimated was :modified to account for the 

larger variability of initial stiffness of the structural 

elements that comprise the u.s. TCC~~ research building. 
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SECTION 5 

PROPOSED PHASE 2 RESEARCH 

5.1 CRITERIA FOR THE FINAL DESIGN 

The final design of the research building will be based on an 

analysis of the preliminary design. The analytical tools will be 

those developed by category 2 research. The force-displacement 

relationships of the piers and coupling beams will be fully 

developed by use of structural component models (SCM) developed 

in Task 2.1 of Category 2 research. Envelope and cyclic 

hysteretic behavior will be plotted for the range of displacement 

of interest. These loading, unloading, reloading, and degrading 

hysteretic plots will be replicated by interstory springs in the 

Lumped Parameter Model (LPM). The LPM will be excited by time-

histories of relevant ground motions. The preliminary design 

will be modified as necessary to provide a minimum strength and 

a stable cyclic behavior. 

5.2 PROBABLE VARIATIONS OF FINAL DESIGN FROM PRELIMINARY DESIGN 

The preliminary design did not have a method for the 

determination of the end rotation-shear relationship of the 

coupling beams or a method for determination of the rotation of 

the interface of the coupling beam and the piers. The 

experimental testing of category 3 research and development of 

analytical models to replicate and extrapolate the testing will 

probably have a significant impact on the assumptions used to 

estimate the effects of the coupling beams on the peak strength 

and stiffness degradation of the piers. 
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PRECAST PRESTRESSED CONCRETE '" ~. 
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WITH 2" THICK REINFOi<CED CONCRETE -'. 
~YPICAL ALL FLOOR LEVELS ~ 
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COHSTRUCTIOH HOTES 

hLL ~SOHRY U~ITS SHALL BE 6 X 8 x 16 NOHINAL 
LON CRETE BLOCK CONFORMING TO ASTH e90, GRADE H. 
ALL UNITS SHALL BE BONO BEAM TYPE UNITS EXCEPT 
WHERE NOTED AS OPEN END SOND SEAM UNITS. 

!:':~::T;";:;: S:U .. LL ttt rr?( ;,) .:"l-j;) ?~Q?ORTICHED iY 

\'OLU'~E. 

~ROUT SHALL BE COARSE GROUT. AN ADMIXTURE TO 
COMPENSATE FOR SHRINKAGE SHALL BE USED. 

ALL GROUT SHALL BE CONSOLIDATED BY MECHANICAL 
YIBRATION. 

C:'EAIiOUTS SHALL BE PROYIDED AT EACH YERTICAL BAR 
rOR INSPECTION AND CLEANING OF THE CONSTRUCTION 
JOINT. THE VERTICAL BAR SHALL BE WIRED TO THE 
DOi.'EL BEFORE ClOSING THE CLEAN OUT BY A FO~. 

CONSTRUCTION JOINTS AT FLOOR LEVELS SHALL BE 
HADE BY EXPOSING THE CONCRETE AGGREGATE TO "1/4 
"NCH AMPLITUDE. CUTOUTS IDENTICAL TO SO NO BEAM 
3LDCKS SHALL BE HADE IN THE BOTTOM OF THE 
C~CSSwEas OF THE STAinER BLOCK. A ;tATER OR AIR 
5r~~ SHALL BE USED TO ClEAH THE CONSTRUCTION 
:OINT OF ~ORTAR AND DEBRIS BEFORE CLOSING THE 
cLEANOUTS. 

CONSTRUCTION JOINTS IN THE HASONRY WALLS SHALL 
aE HADE BY STOPPING THE GROUT POUR 1-1/2 INCH 
~ELOW THE CROSSWEB IN THE TOP UNIT. 

ALL REINFORCEMENT 14 AND URGER SHALL CONFO~ TO 
ASTH A615. GRADE 60. NUMBER 3 BARS SHALL 
CONFORM TO ASTH A615. GRADE 40. ALL 
RE1NFORCEiolENT SHALL BE .IDEIiTIFIED flY A HEAT 
NU~SER AND TESTED FOR YIELD AND ULTIMATE STRESS. 

?R~:AST CO~CRETE PLAHKS S~~LL BE POST-TE~sroNED 
WITH AN EQUIVALENT OF 4. 3/8 INCH. 270 KIP, 
STRANDS PER 3'-4" WIOE UNIT. SEE SECTIOH 2.4 
FOR TH~ SEQUENCE OF CCHS!RUCTIOH. 

PRECAST PLANKS SHALL BE TOPPED WITH A Z IHCH 
THICK CAST-IN-PLACE COHCRETE SUB. THE CONCRETE 
SLAB SH~lL BE REINFORCED WITH 14 eARS AT 18 
INCHES O.C. PERPENDICULAR TO THE PLANKS. 
REINFORCEMENT PARALLEL TO THE PLANKS SHALL BE 
PROVIOED AT THE BEARING WALLS. 

REIHrORCEiolENT SHALL BE SPLICED BY 40 OIAHETER 
LAP SPLICES AT THE LOCATIONS NOTED OH fIGURES Z 
TH~OUGH 7. VERTICAL REINFORCEiolENT AT THE EHOS 
OF WAllS AHD EDGES OF DOORS SHALL HOT BE SPLICED 
AT LEVEL 1. 

TYPICAL PLAN - LEVELS 2 THROUGH 6 
AND CONSTRUCTION NOTES 

FIGURE 1 
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~EINFORCEHENT SIZE AND P~ACEMENT. 

~ZIS.·F~~CEMENT SH~~P. IN FIRST LEVEL IS TYPICAL® 
EXCEPT AS NOTED ON THIS ELEVATION FOR LEVELS 3 
AND ABOVE. IF REINFORCEMENT SIZE AND 
PLACEMENT ARE NOT INDICATED HEREIN, USE 
REINFORCEMENT SIZE AND PLACEMENT AS SHOWN AT 
FIRST LEVEL BY FIGURES 4, 5, AND 6. 

L :. 
, ~. 





I~ • ·ev 

~ -------:--'\­
~ 

I 

LEVEL 6 

LEVEL 5 

13 @ 16" 
HORIZONTAL 
ABOVE LEVEL 4 ;; 

~ 
I 

LEVEL 4 

eo 

2-#4 VERT ~ 

LEVEL 3 

In 
IIJ 
U 
« 
c. 
\I) 

LABORATORY FLOOR LEVEL 

FIGURE 2 





LEVE~ 

LEVEL 5 

LEVEL 4 

SEE {J'j FOR C 

CD DETAl: 

LEVEL 3 

LEVEL 2 

LEVEL 1 

c ® 
'3' -2" 
..,.~ r HORIZONTAL 

ITYP·'L 
[[::6-~ 

REINF. 

! I i~ 

-r=l; =:=-1----r--' 
I:j--
! -

I' 

4- ---~-- -----,- i--- - --- -----

1"1--

~ 
'--
L_ ,-_.- -- --~--,- --- ---- f-----

I 
ORNER , 
L I+-

c.---L __ ------ -- --
lC-- t------ -- --. 
I 

Ir-
1"-
--1---- -- -----

,--- - 1---- -- -----
r-

f--
,----:: 

- \ I-

® 
. 
(".J 

= o::r 
I . 

M 
o::r 

• 
co 
I .. 

CO 

~ 

en 
1&1 
u 
< 
Co 
en ; I 

IrI 

SEE ffi FOR \oJAL 
7 INTER1SEC 

L 

TION 

NO SPLICE @ EDGE 

REINF. , LEVEL 1 

l I I 
ELEVATION - WALL LINE - ~ 
WALL LINE (2) OPPOSITE HAND 

, 

ELEVATION -

NOTES: ALL VERTICAL REINFORCEMENT IS 14 @ 48" n 

ALL HORI-ZONTAL REINFORCEMENT IS 14 li 32" 

L -: 
• ..J 





HORIZONTAL REINF. 

-'---- ~ I 

-~ 
J 
j 

, I 

-I 
T 

- -\ 
! -, I 

I 
1 
j 

, r I -

1 

1 
[-, 

I 

I r~o REI 

I ,- I 
- WALL LINES - CD 0 

o.c. 

O.C. 

SPLICE @ EDGE 

NF., LEVEL 1 

-", 

.l 

FIGURE 3 

- .. - ~ .. --.---. - - --_ .. ----- -"- .---





-f I -11[-:- ~J.J ---~l~-T iT T-T;T---=r-=-rI 1r[rl~~] T--I=rP---J_ .. --:J ___ ---- __ j --J=_ 
i_rir-- 1r' r: J_ L -r Lr j I Ttl il J 1 r: 

----_.- - ---_._- -.- --_. __ ._--- ------ -----------
I 

-
I ; , 

i I ! , i I I , I L 
! J .1 "-, ' -, -- - --- . -- .~' , 

I I I I i T I I i 
1--

I 
, 

I I I I I i 
)--

I I - ==-~ ---: j i I '",-

~14 I r- @ 8" HORIZONTAL -- .:..' , 

I i j ADJACENT/TO \'!INDOW I I / "-

/' 
, 

'" 
--

I I j 
/ .' "" 1 I 

I -" '- / 
L / 

I I I 
/' 

/ ". I ~ / 

" -', 
--

I I J I I 1 J I I 
I I , 

I I 

I ! I I I 
I ~-11 I I I 

I 

J 1-, _1 J I 1 L~ I 
I 1 __ .-_ _ r- r+ r' I 'T' 

I I I I I I I _1 I 
I 

I 

I I I I I I 1 I 

I i -

~ 

-;--.. '--------.------------,------------

PARTIAL ELEVATION 

NOTES: ALL VERTICAL AND HORIZONTAL 
REINFORCEMENT IS #4 BARS. 
REINFORCEMENT NOTED IS TYPICAL 
LEVEL! UNL£5S SPECIFICALLY ~CT:: 
OTHERWISE !N FIGURE 2. 

~-----------------------------------------------~-----





- -, ._-------------

. fit" ~rl'r=lf1-]J 
~ _, 1- (0 I j i / I i I 7

i
- 1--~f-i . 

l-~,t=.l ~=--=t==--:t~-+·-~-=+-~====t=~r·:±±: -::::-. ~-=~:. 

LJ~ 0 ~-t LLi j I 1 J L ,~ 
l_IJ I I i ,I I I" I 

ll~ \ ~ / Hr--::::::::-, ====J! ~I ==" :i=:r~f===··~~ ,)1 

I-l \ Ilir1 
i if '\ / r--t=====;::1 :t==:=:::t, :::t=:;=:1 ===71 l 
I ~ , / I I Yi4 @ 16" HORIZONTAL 

~lr-'-l-4-I >\ : : BETWEEN DODOS 

~; I Ii: 1}; 
l--,' I I I 11 
~]1 / i ~J II 
~ 11-/ ' ) I I I ii il r'--OEINF. FOOH WALL 0 SEE ffi 

'~NO SPLICE @ DOOR I 
EDGE @ LEVEL 1. 

ALL 

FIGURE 4 

- ' 





-; -1--,-,1-- Tr-r;--;}'- :=J-----,~-r --.' 

~= 
h 

\ 
I, -- -- - - --,-' ---;-- ----,--- -

/ 
I 

REINF. FROM 

WALL 0"""""" 
SEE EB 

'-;---.1j~ I, I 
,I ! _ !. ,--,-------- -~ ---,-J -- ---i~ I - 1 

- --- -+ -~----
I I 

I J 

iI i- ..1 __ I ,--- . ---'--' 

r-~ 
1 I 

:1 I -J - , 

Ji 
I I I -

I I 
, 
I 

Ii I 1 

K, I 1 I 
,I I 

~ I, I I 
I I I 

II I -, 

1 I 
I 

II -I 

1 I 
J ___ ...: / 

(0\ \ ~-t i 
\J~ 

\ 
1 - \ -r- ~ I J ----r I / 1 

------1-- - --- -I- -- --- -- ----- f--- ------

1 J I I I_ 
I -,-

I 1 I 

\ - . / I I-- '~ 
I 

I 

1 / I 

\ / I 
, 

"-
f- - ~-

1 
\ 

/ I I' 

\ 
I'--

1'----#4 

1 I I Atl 

~ t--... / I T / I '-#4 @ l~}i I I HORIZOtlTAL 
SETWE~N\ OORS 

I 

r I I I 
I 

I 

I , I 
I I I j 

1 I I ~I 
, 

I V 
t?'NO SPLICE @ DO~ 

EDGE @ LEVELl 
r--.. I I I . 

-

PARTIAL ElEVATION ® 

NOTES: ALL VERTICAL AND HORIZONTAL 
REINFORCEMENT IS #4 BARS. 
REINFORCEMENT NOTED IS i~~i~ 
LEVELS UNLESS SPECIFICALLY 
OTHERWISE IN FIGURE 2. 





REINF 0) • FROM WALL 3 EB SEE K 
7 

A'- AT ALL 

FIGURE 5 





- --- ~- _. ---- . ·----- ~ ". --_.- -- . - _. 

,';\ 

LL _ ... : 1 .. -, -~- , Cl-~ V - ~ ~~---. r-. L {. .. , __ Lb·, 
_:,._ . II.- -- t - r 1.1 ___ , -- ~ _., - .1~~ll 'i r i T I -,--_J __ .r ~- ~~ L.. ----,----

I itCI 1 I 
.[ -[ . I 

H 
;, I I I I ') I I. 

I I I I I I 
I 

I I 

U II I I I 
I II i I I 1 
I I il f I I 

, 
Ii 

I 

I I I L 
I I il I I I , 

II I I I I 
I I il T I _L 

, 

L-l 
I I I I LI 

H . II I I I 
Ll I I I ,. 

-1-tc+ 'I I I I 
i I I I 

~ 

T 

~ 

-. 

T J I I I" r i 
I I I I -r-lI .11 

I I I I I I 
I I I I I -

I 1 J _. . I IL -11 1 

I I I I 

IT ~ I 

~ORIZO AL 

I I __ lL 
III "~-ll 

BETWEEN ~I~~ SAND 
WINDOW AND 0 =rr' .. ' r I -_' It 

I 

I 

~ =--[ r .. - L: 

L l. __ L I 
= I 

'~'~n I 
I ! I [ 

I 1 I T T I I I I 
l 1.1 

I I I I r-TT-
I I I I J I 

I 

I f I I I -~ 
I I I I I.l 

PARTIAL ELEVATION ~ 

HOTES: ALL VE~7ICAL AND HORIZONTAL 
REINFORCEMENT IS 14 BARS. 
REINFORCEMENT NOTED IS TYPICAL AT 
LEVELS UNLESS SPECIFICALLY NOTED 
OTHERWISE IN FIGURE Z. 

C ' 
~ ., 





LJ i- ~L ~--r --u--+- f--

-, I l 
Ll 

I 

I I 
. 
I 
I 

J I I 
L-J 0 l I 

I 
I 

7 I 

I I 
I 

I rf-t I I 
I 

I I U -,r [ , , , 
I ~ i ~ 

i I -
U I I I 

I 
I 

i 
---J, 

-I I I I 
lJ I I I 

I 
I 

---~ 

r 1 l C ~~ 
I I I l I 

I 
I 

14 @ 16" HORIZONTAL 

I I 
, 

I I 
I I I J I 

I 
I 

I I - I I 
~ SPLXCE @ DO~ I I 

I 
I 
I 

- - f-

EDGE @ LEVEL 1 
, 

r- I I 

~--- ------ -----{ 

ALL 

c - FIGURE 6 
~J 
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