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ENGINEERING AND DESIGN

DESIGN OF STRUCTURES TO RESIST THE EFFECTS OF ATOMIC WEAPONS

SINGLE-STORY FRAME BUILDINGS

INTRODUCTION

7-01 PURPOSE AND SCOPE. This manual is one in a series issued for the

guidance of engineers engaged in the design of permanent type military

structures required to resist the effects of atomic weapons. It is appli-

cable to all Corps of Engineers activities and installations responsible

for the design of military construction.

The material is based on the results of full-scale atomic tests and

analytical studies. The problem of designing structures to resist the ef-

fects of atomic weapons is new and the methods of solution are still in the

development stage. Continuing studies are in progress and supplemental

material will be published as it is developed.

The methods and procedures were developed through the collaboration

of many consultants and specialists. Much of the basic analytical work was

done by the engineering firm of Ammann and Whitney, New York City, under

contract with the Chief of Engineers. The Massachusetts Institute of Tech-

nology was responsible, under another contract with the Chief of Engineers,

for the compilation of material and for the further study and development

of design methods and procedures.

It is requested that any errors and deficiencies noted and any sug-

gestions for improvement be transmitted to the Office of the Chief of Engi-

neers, Department of the Army, Attention: ENGEB.

7-02 REFERENCES. Manuals - Corps of Engineers - Engineering and Design,

containing interrelated subject matter are listed as follows:

DESIGN OF STRUCTURES TO RESIST THE EFFECTS
OF ATOMIC WEAPONS

EM 1110-345-413 Weapons Effects Data
EM 1110-345-414 Strength of Materials and Structural Elements

EM 1110-345-415 Principles of Dynamic Analysis and Design

1
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EM 1110-345-416 Structural Elements Subjected to Dynamic Loads
EM 1110-345-417 Single-Story Frame Buildings
EM 1110-345-418 Multi-Story Frame Buildings
EM 1110-345-419 Shear Wall Structures
EM 1110-345-420 Arches and Domes
EM 1110-345-421 Buried and Semi-Buried Structures

a. References to Material in Other Manuals of This Series. In the

text of this manual references are made to paragraphs, figures, equations,

and tables in the other manuals of this series in accordance with the

number designations as they appear in these manuals. The first part of the

designation which precedes either a dash, or a decimal point, identifies a

particular manual in the series as shown in the table following.

EM paragraph figure equation table

1110-345-413 3- 3. (3.) 3.
1110-345-414 4- 4. (4.) 4.
1110-345-415 5- 5. (5.) 5.
1110-345-416 6- 6. (6.) 6.
1110-345-417 7- 7. (7.) 7.
1110-345-418 8- 8. (8.) 8.
1110-345-419 9- 9. (9.) 9.
1110-345-420 10- 10. (i0.) 10.1110-345-421 11- Ii. (n1.) l.

b. List of Symbols. Definitions of the symbols used throughout this

nanual series are given in a list following the table of contents in EM

L110-345-413 through EM 1110-345-416.

(-03 RESCISSIONS. (Draft) EM 1110-345-417 (Part XXIII - The Design of

3tructures to Resist the Effects of Atomic Weapons, Chapter 7 - Single-

3tory Frame Buildings).

(-04 GENERAL. This manual presents four numerical examples illustrating

lesign rrocedures and principles given in EM 1110-345-413 through -416.

Che examples presented are as follows:

(i) The design of a one-story steel frame building, plastic deforma-
tion permitted.

(2) The design of a one-story steel frame building, elastic behavior.

(3) The design of a one-story reinforced concrete frame building,
plastic deformation permitted.

(4) The design of a one-story reinforced concrete frame building,
elastic and elasto-plastic behavior.

2
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Before illustrating the design of buildings to resist blast loads it

is desirable to describe the behavior of the elements of a building frame

subjected to blast loads. Accordingly, the first part of this manual is

devoted to a description of the response of single-story frame buildings to

vertical and lateral blast loads. In the general discussion of frames, it

is assumed that the exterior walls are framed vertically between the founda-

tion and the roof so that the columns are loaded laterally only at the top

of the frame and are not subject to direct lateral loads such as to cause

them to resist these loads by beam action. Columns subjected to directly

applied lateral loads are discussed briefly in paragraph 7-12.

7-05 BEHAVIOR OF SINGLE-STORY FRAMES. Single-story frame buildings sub-

jected to lateral blast loads suffer a lateral deflection which is deter-

mined by the mass, stiffness, and strength of the structure, the variation

of loading with time, the distribution of load on the structure, and the dy-

namic behavior of the walls and roof. The lateral loads on all walls are

transmitted to the roof and the foundations by vertical framing and are

carried laterally by the roof slab or roof lateral bracing to the girders

of the frame which in turn transmit the load to the columns. The columns

carry the lateral loads to the foundation where the reactions are provided

by friction and passive pressure forces. The lateral blast loads on the

walls are transmitted to the frame girders by either a lateral truss system

spanning between frames, or by the roof slab acting as a deep lateral beam.

The resistance of a building frame to lateral loads is a function of

the stiffness of the frame columns to relative displacement of the roof and

the foundation. The equivalent

single-degree-of-freedom dynamic MoSS f-• -. MOSS(i)

system for the single-story frame hR-
Spring

is a concentrated mass supported

by a massless spring having the

lateral resistance properties of Figure 7.1. Single-story frame and equivalent

the columns (fig. 7.1). The be- dynamic system

havior of columns in a frame, and the procedure for designing the columns

in single-story buildings, are discussed in paragraphs 7-06 to 7-10. The

design of roof girders is covered in paragraph 7-11.

3
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7-06 SHEAR AND MOMENT RESISTANCE OF COLUMNS. Each column resists the lat-

eral motion of the frame through the action of shear forces and bending

moments in the columns as indicated in figure 7.2. The shear resistance

p in terms of the column bending

R MTmoments and the axial load is

Figure 7.2. Shear resistance and MT + M -

bending moments in a column R = h (elastic range) (7.1)
subjected to lateral displace-

R ment and vertical load MT + M - Px

R = (plastic range)(7.la)Mei hp c

where h is the clear height of the column as in figure 7.1. In the elasticc

range the effect of joint rotation should be included. Thus, using slope-

deflection equations where eB and eT are joint rotations at bottom and top

of the column, respectively, the moments are

2E (2eT + e -
MT h T B h

(7.2)

2E + - 3x
MB= h ~2B+T--h

In the plastic range the top and bottom moments are assumed to be

equal to a maximum moment MD so that

2M - P

R = Rm - h (7.3)
c

The value of MD to be used in equation (7-3) is a variable dependent

upon the direct stress. The effect of direct stress is discussed in para-

graphs 4-07, 4-11b, and 7-07. If there is no direct stress, MD can be re-

placed by Mp giving

R -M (7.3a)
m h c

In equations (7.1) and (7.3), R is a function of M, P, x, and h

or h . In a given design two of the four factors are known; h and hc

are constants and P is of known variation with time. The remaining two

terms are related; i.e., for a given column, M is a function of x and P,

4
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so that the variation of M and then R may be determined from the varia-

tion of x and P .

For a frame with infinitely rigid girders, in the elastic range, the

relationship between M and x in any column is obtained from equa-

tion (7.2) by setting 8T = eB = O.

6EIx
M =_MT_= MB = 2 (~

With infinitely rigid girders in the elastic range equation (7.1) becomes
R = 2M - Px 12EIx - Px (7.5)

h h3  h

Equation (7.5) may be written in the form

R = kx - (7.6)

from which the equation for k for one column is

k = 12EI (7.7)h3

To obtain the maximum elastic displacement xe defined by figure 7.3, it is

necessary to obtain the maximum or plastic resistance R and divide by them

spring constant k . For a complete frame with n columns from equa-

tion (7.7)

k = n 12EI (7.8)h3

and from equation (7.3a), neglecting the entire effect of direct stress,

R = 2nM (7.9)m h
c

so that R Mh3

xe R- = -- (7.10)
c

Equations (7.8) and (7.9) apply only when all the columns of the story are

identical in strength and stiffness. If this condition is not true, the

equations are modified as follows:

k= 12EZI (7.11)

5
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Rm h (7.lla)

where c

EYp = sum of plastic column moments in the story, and

ZI = sum of I values for all columns in the story.

For the case in which the direct stress is considered important, the

maximum resistance equation from equation (7.3) becomes

R -- n (7.12)
m hc

and the maximum elastic displacement from equation (7.10) becomes

= MDh3  Pxh3  (7.13)

e = Ih 1Inh (7.c c

where MD is a function of P (par. 7-07). Equation (7.12) should be used

in numerical analyses where the effect of P and x can be introduced.

For preliminary design purposes wherein it is desirable, in order to

simplify the computations, to account for the approximate effect of P ,

the design should be based on

R -- -- ( 7 .1 4 )
h hc

7-07 TME EFFECT OF DIRECT STRESS ON COUMN RESISTANCE. The value of MD

to be used in equations (7.12) and (7.13) is variable dependent upon the

direct stress (pars. 4-07 and 4-11). The relationship is different for

steel and reinforced concrete. A reinforced concrete section carrying both

direct stress and bending moment has a higaer moment-carrying capacity for

a limited but important range of axial loads than the same section carrying

only bending moment. However, a structural steel section carrying both

direct stress and bending moment has a lower moment-carrying capacity than

the same section carrying only bending moment.

The limiting elastic deflection when significant axial loads are

present is determined from equation (7.13), where MD is determined from a

curve of PD vs MD prepared as described in paragraphs 4-07 and 4-11 (see

figs. 4.12 and 4.26). As long as the moment M as determined from equa-

tion (7.4) and the axial load P together determine a point on the PD - MD

6
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graph which is inside the curve, the action of the column is elastic, and

the M as calculated is used to determine R from equation (7.5). If the

point determined by the values of P and M lies outside the PD "MD

curve, the action is plastic and the limiting moment Mm is the value of MD

corresponding to the axial load P •

In the preliminary design of reinforced concrete frames, it is de-

sirable to introduce the increased bending strength that results from axial

stress in the columns. If this effect is neglected, the preliminary design

is generally very conservative. By introducing the direct stress effect a

more reasonable colwum size can be determined.

For steel columns the effect of direct stress is much less important

and, in most cases, reasonable results are obtained by neglecting the ef-

fect of direct stress in the preliminary column design method of this

manual. However, the effect of direct stress is usually considered in mak-

ing the numerical analysis which is used to check the preliminary design.

Column buckling under combined axial load and bending must be prevented in

order to maintain the lateral resistance of the frame. In many designs the

column section is determined by buckling considerations. For the buckling

criteria refer to paragraph 4-07.

In the numerical integration method used to check the preliminary de-

sign results, the more comprehensive procedure involves consideration of

the individual column direct stresses and their effect on the bending re-

sistance of the individual column. A study has been made to determine

whether this precision is necessary. In a series of typical problems, the

variation of resistance was determined on two bases: (1) average direct

stress equal to the sum of the column loads divided by the sum of the

column areas and (2) direct stress determined separately for each column

and applied to that column. It has been determined that there is very

little loss in accuracy if the average direct stress is used.

7-08 THE EFFECT OF GIRDER FLEXIBILITY ON COUJMN RESISTANCE. In the pre-

liminary design of the columns, the frame response is determined on the

basis of the assumption that the Joint rotations are negligible. If the

girders are designed to act in the elastic range (par. 7-11), the error in-

volved is not large. If all the columns in a story have the same section

7
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and are of equal height, this assumption results in equal moments at the

top and bottom of all columns and a linear variation of resistance with

displacement up to the plastic resistance. If the assumption of infinite.?

stiff girders is not made, the resistance-deflection diagram for a given

frame may be determined by a conventional sidesway analysis.

Neglecting the flexibility of the girders results in an overestimate

of the energy absorption capacity of the frame, thus resulting in under-

estimates of the displacement of the structure, and the required resistance

of the columns. Any procedure which reduces the required resistance to a
value below that needed by the more exact procedure is unconservative. It

is not desirable to incorporate the flexibility effects into the prelimi-

nary design procedure. The designs obtained by the preliminary design

method should be recognized as being slightly unconservative and allowance

should be made for this difference by the designer. It is desirable to in-

clude this flexibility effect when the preliminary design is checked by a

numerical integration procedure.

The recommended procedure for approximating Vt: effect of girder

flexibility for use in the numerical integration analysis of single-story

structures is described below. Figure 7.3 presents the form of the
Rigid Girder resistance-deflection diagram for a typical multi-

.1 C column frame subject to lateral load only. Line A

2 Flexible Girder represents the resistance for infinite girder

i/gmidx@ stiffness. With infinite girder stiffness, plastic
hinges would develop simultaneously at both ends of

Deflection, x
all columns. If the actual girder flexibility is

Figure 7.3. Effect of considered, the hinges would be found to develop
girder flexibility on

resistance-deflection successively as indicated by line B. The recom-
diagram of multibay mended resistance diagram is line C, an extension

frames
of the initial slope of line B to the intersection

with the line of maximum resistance. The shaded area represents the error

introduced. Use of line C will result in the calculated deflections being

smaller than the true deflection. However, the error involved is generally

very small. To obtain the effective spring constant k for girder flexi-

bility, it is necessary to determine the slope of line C. This can be

8
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determined by imposing an arbitrary lateral deflection upon the frame and
calculating the resistance corresponding to this deflection. The ratio of
the resistance to the displacement is k = R/x. Paragraph 7-26 illustrates
the simple elastic frame analysis that is needed for this determination.
"7-09 EFFECT OF lATERAL DEFLECTION ON COI/hQN RESISTANCE. From equation
(7.1) it may be seen that the resistance is subject to reduction by the
combined effect of the lateral deflection and the axial column loads. In
single-story frames this effect is small and is neglected in the prelimi-
nary design procedures, but it is included in the final numerical analysis.
7-10 DESIGN OF COLUMNS. A general preliminary design prr 'are for plastic
behavior is presented in paragraph 6-11 and for elastic I or in para-
graph 6-12. Details peculiar to application of these methouu to single-
story column designs are explained below and illustrated in paragraphs 7-24
and 7-34 for steel frames, and paragraphs 7-42 and 7-50 for reinforced con-
crete frames. The loading used in the preliminary column design is the
net lateral blast load as computed from procedures in paragraph o-09,

* neglecting the effect of dynamic response of wall panels and other inter-
vening structural elements. The dynamic effects of the mass and structural

properties of the walls are accounted for in the final check of the column
section by using the dynamic reactions to the front and rear walls in the
numerical integration. The equivalent mass concentrated at the top of the

column is given by

m = total roof mass + 1/3 column mass + 1/3 wall mass

In the preliminary design of steel columns the frame girders are as-
sumed to be perfectly rigid, and the axial load in the columns is neglected
so that the required moments, the spring constant, and the limiting elastic

deflection of the columns can be obtained from equations (7.8) and (7.10).

From equation (7.9)
Rh

= -c (7.15)

The cross section required to provide the plastic bending moment resistance

MP is determined from data in paragraph 4-07 for steel columns.

The preliminary design procedure for reinforced concrete columns is

different from that for steel because allowances are made for the effect of

9
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direct stress on the bending resistance of the column. After solving for

the required MD from equation (7.14), it is necessary to determine the

dimensions of the cross section. Since MD is a function of P (par. 4-11)

it is necessary to use the time average of the total axial load P for the

time interval estimated to be the plastic phase.

Using equations from paragraph 4-11b for eccentrically loaded columns,

a cross section is selected which will provide the necessary MD at the aver-

age P

Having determined the necessary cross section, the next step is to

compute k and xe. For both steel and concrete, k = 12EIn/h 3 . However,

from equation (7. 10) S,3

X = E for steel
c

0 (7.16)
x =MD for concrete

c

These parameters are used in the remainder of the design procedure without

modification by any load or mass factors because the single-story frame is

considered to be directly replaceable by a single-degree system. The pre-

liminary design is then completed in accordance with the steps of either

paragraph 6-11 or paragraph 6-12.

After the girder is designed, the preliminary column design is veri-

fied by means of a step-by-step numerical integration procedure. It is re-

quired that the displacement of the top of the column determined by this

computation be reasonably close to the design displacement determined from

consideration of paragraph 6-26.

The more exact numerical analysis includes all the factors which

have been neglected in order to simplify the preliminary procedure. These

are: the effect of girder flexibility, the effect of vertical load ec-

centricity, the effect of direct stress, and the effect of the dynamic

response of the wall and roof elements on the lateral and vertical load-

time curves. As discussed in paragraph 7-07, a simplification is possible

by using the average column axial loads instead of considering theý in-

dividual columns separately. The effect of girder flexibility is

determined as indicated in paragraph 7-08. Examples of the numerical

10
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integration procedure applied to steel column designs are presented in

paragraphs 7-26 and 7-36, and for reinforced concrete columns in paragraphs
7-44 and 7-52.

7-11 DESIGN OF ROOF GIRDERS. The design of roof girders in building

frames for blast loads is a difficult problem which is complicated by the

time variation of the lateral and vertical blast loads, and the difference

in time required for the different girders to reach maximum stress. In

general, the maximum frame moments due to the vertical loads develop before

those due to the lateral loads. Conventional static loads must be consid-

ered in addition to the blast loads. In a building with openings it is

possible to have internal pressures of such magnitude as to develop net

upward forces on the roof girders.

To obtain the maximum lateral stiff-
A

ness for the building frame, it is desirable A a -__A B C B

that the roof girders in frames be designed [
to act elastically. To simplify design pro-

cedures, continuous-span beams can be consid- Figure 7.4. Single-span support

ered as single-span elements with restraints assumptions for design of

as indicated in figure 7.4. It is recom- frame girders

mended that single-span frame girders such as A be designed elastically to

carry vertical loads as simply supported beams. Exterior girders such as B

should be designed elastically to carry vertical loads as beams fixed at the

first interior support and pinned at the exterior support. Interior girders

such as C should be designed elastically to carry the vertical loads as

beams fixed at both ends. In order to develop the maximum lateral resist-

ance of the frame, it is necessary to design the girders so that the plastic

hinges form in the columns. To insure this behavior, the bending strength

of the girders at any point must equal the moment at that point due to

static and dynamic vertical loads, plus the moment due to lateral motion.

The latter is computed by applying to the girder the full plastic hinge

moments of all the columns simultaneously. This is conservative because it

assumes that all the maximum moments develop at the same time.

Consideration of the blast loading on frame girders shows that the

* front girder is the critical girder in a multibay frame and the critical

section is at the first interior support. At this section the frame moment

11
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in the girder should be a fraction of the column maKimum moment MD. For a

2-bay frame use 1/2 MD. For a 3-bay frame use 2/3 MD and for a 4-bay

frame use 5/8 MD.

The design procedure recommended for girders is an elastic design

based upon paragraph 6-12 and consists of the following steps which are il-

lustrated in paragraphs 7-25, 7-35, 7-43, and 7-51. In order to perform

these operations, it is necessary to refer freely to other manuals for in-

formation; viz., to EM 1110-345-413 for overpressure-time variation on

roofs, to EM 1110-345-414 for the equations governing the plastic moment

capacity of steel and concrete girders, to EM 1110-345-415 for the elastic

response characteristics of single-degree-of-freedom systems, and to EM

1110-345-416 for the factors which define the equivalent single-degree-of-

freedom system.

Step 1. Obtain the vertical load-time curve for the girder from the

dynamic reaction of the roof element which the girder supports. Idealize

the curve to a form for which dynamic load factors are available.

Step 2. Estimate the dynamic load factor for preliminary size

determination.

Step 3. Calculate Tn, the period of vibration of the equivalent

single-degree-of-freedom system. Tn is a function of mass m and spring

constant k . The equations for k are given in EM 1110-345-416. The

mass to be used is the mass which is considered to move with the girder.

In EM 1110-345-416 consideration is given to beams which have mass varia-

tions that are triangular in spanwise distribution as well as concentrated

at local points.

Step 4. Using Tn and T , the time parameter of the loading, obtain

a new value of dynamic load factor from figures 5.20 and 5.21.

Step 5. With the new dynamic load factor, determine the design mo-

ment required for vertical blast loads. Determine the total moment by

adding the static load moments and the proper fraction of the column

plastic moment. Select a size to withstand the indicated bending moments

in accordance with EM 1110-345-414 requirements.

Step 6. Repeat the cycle, computing Tn, T/Tn, and D.L.F., and check

the section for the revised bending moments including the allowances

12
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described above until satisfactory agreement is realized.

Step 7. If the loading curve cannot be approximated by the idealized

shapes used in figures 5.20 and 5.21 it may be necessary to perform a step-

by-step numerical integration to check the design for the loading curve.

7-12 FRAMES WITH IATERAL LOADS ON THE 00LMS. There are certain arrange-

ments of the structural elements in framed buildings which would require

that the columns be capable of resisting directly applied transverse loads

in addition to providing the resistance to lateral motion of the frame.

This condition is indicated in F ,M

figures 7.5(a) and (b). Figure 7.5(a) a - C

corresponds to the case of a frame build- w(OT IWM[

ing with exterior walls which act as two- (M) (b)

way panels. Two edges of the panel load Figure 7.5. Columns subjected

the columns directly, and the other to directly applied
lateral loads

edges transmit load to the roof and the

foundation. The portion of the load transmitted to the roof is indicated

by F(t). The column loading w(t) is assumed to be uniformly distributed.

Figure 7.5(b) corresponds to the case of a frame building with the exterior

wall framed horizontally. In this case, there is no concentrated load F(t).

7-13 IOAL3 ON FRAME STRUCTURES. The orientation of the blast wave with

any element of a building should be assumed to be that which will produce

the critical load on that element. The critical load for an exterior wall

is produced by a blast wave acting perpendicular to the wall. Frames

should be designed for the load produced by the blast moving parallel to

the plane of the frame. For roof slabs the critical load is a function of

two considerations, the location of the element and the direction of the

blast wave. Paragraph 3-05 shows that rhe overpressures on the central

portion of a roof of rectangular plan subjected to a blast wave moving

normal to the long axis are less than the overpressures at and near the

ends. For the same roof plan, all roof elements would be subjected to the

same intensity of overpressure if the direction of the blast wave movement is

parallel to the long axis of the building. On the central portions of

square roofs the overpressures for all orientations of blast wave are less

I than at the edges of the roof.

13
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The outside dimensions of the structure must be used in computing the

blast loading on the structure. This means that the member sizes must be

assumed initially to obtain the outside dimensions in order to compute the

loads. A large difference between the assumed dimensions and final design

dimensions would require a revision of loads.

7-14 FRAMING ARRANGMEMnS. In the blast resistant designs of this manual

there are no radical departures from conventional framing arrangements. In

reinforced concrete frame structures, the exterior columns are made inde-

pendent of the exterior walls and the walls are designed to span vertically

between the wall footing and the roof slab. This arrangement is desirable

and most economical because it eliminates the necessity of designing the

column to act as a beam spanning between the foundation and the girder in

addition to providing restraint to the lateral motion of the frame.

7-15 PRELIMINARY DESIGN METHODS. The design of each element of a building

consists of two steps. The first step is the preliminary design of the

element using an idealized straight line load-time curve and the design

charts presented in EM 1110-345-415. The second step is the numerical in-

tegration check of the preliminary design using the calculated load-time

data. The following discussion deals with some of the details of the pre-

liminary design method.

Only one mass factor and one load factor may be used in any of the

preliminary design methods. Therefore, average values of these factors

must be obtained for all designs in the plastic range and also for elastic

designs in which there is a bilinear resistance function. In the case of a

fixed-end beam designed to allow plastic deformation at midspan, the aver-

age of the elasto-plastic and plastic mass and load factors should be used

to obtain the mass and load factors for use in the preliminary design. The

elastic values of mass and load factors are not used in computing these

average values since only a small percentage of the total deflection occurs

within the elastic range.

For a simple beam designed for plastic action, the average of the

elastic and plastic values of mass and load factors should be used. In the

case of a fixed-end beam designed for plastic action at the support and

elastic action at the centerline, the average of the elastic and

14
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elasto-plastic mass and load factors is used in the preliminary design. In

general, any reasonable method of obtaining a single set of mass and load

factors will be satisfactory for use in the preliminary design.

7-16 NUMRICAL IMMMAION ANALYSIS. The numerical integration analysis

is a method of checking the preliminary design that takes into account the

irregularity of the load-time curve, the variation in resistance function,

and the changes in mass-load factors. In this manual each preliminary de-

sign is checked by the numerical integration method. In some cases, it may

be necessary to use the numerical integration method more than once before

a satisfactory design is obtained. This is particularly true where the

actual load curve is of such a shape that a good approximation to it cannot

be obtained by a straight line, and also in design of steel where the

number of available beam sections is limited. An experienced designer may

judge that a numerical integration check of some designs is unnecessary. A

numerical integration analysis may be needed in some cases primarily to ob-

tain the dynamic reactions of the element for use as the load on the sup-

porting structure.

The load-time curves used in the numerical integration analysis are

computed from either the direct-blast-pressure vs time curve or from the

dynamic reactions of the supported elements. The dynamic reactions are com-

puted by the use of the formulas of tables 6.1 to 6.6. Note that, in gen-

eral, the formulas vary with the

strain condition of the beam or slab. A

The dynamic reaction curve for an ele- 0

ment designed to have some plastic
E

action has a form indicated by line A Cc

in figure 7.6. Line B in figure 7.6

is the pseudostatic reaction (for a Time(sec)

simple beam it equals one-half the Figure 7.6. Simplification of dynamic
reaction curve

applied load). The time tI indi-

cates the first instance after the maximum reaction develops for which the

dynamic reaction is less than the pseudostatic reaction.

If the dynamic load on the supporting structures is required for a

period of time exceeding tl, it is recommended that the load be represented

15
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by line A before t1 and by line B after t1 . This simplifies the load shape

in a reasonable manner and reduces the number of tedious steps in the
numerical integration.

7-17 SUMKAlY OF DESIGN EAIMPLES. In this paragraph the results of all the

illustrative design examples which are contained in the remainder of this

manual are summarized to provide a ready reference for preliminary designs

of similar elements and buildings. Examples are for incident overpressure

and duration indicated in figure 7.8.

Table 7.1. Summary of Design Examples in EM 1110-345-417

x MI"iUMU
Span -0 .- Deflection (f E

1

Element (ft) Size e Raege C 'n D.L.F. (ft-kips) (ft-kips)

R/C wall slab 17.5 11 in. 4.6 Plastic 0.70 1.07 ---- 0.365 7.42 7.62
R/C roof slab 6.67 3-3/4 in. 1.8 Plastic 1.3 18.3 ---- 0.0015 0.177 0.516
Steel purlin 18.0 16 WF36 6.9 Plastic 1.07 10.3 ---- 0.008 15.4 22.0
Steel girder 20.0 36 W 16o ---- Elastic ---- 0.69 1.38
Steel column 14.5 10 W 77 10.1 Plastic 0.22 0.27 ---- 0.88 157.0 236.0

R/c wall slab 11.67 14 in. ---- Elastic ---- 1.57 1.7
R/C roof slab 5.33 4-1/4 in. ---- Elastic ---- 37.0 2.0
Steel purlin 18.0 16 vF40 ---- Elasto-plastic ---- 10.8 1.95
Steel girder 20.0 36 W=50 ---- Elastic ---- 0.69 1.38
Steel column 8.67 12 WV120 .... Elastic ---- 0.593 1.3 -

R/C vall slab 15.83 10.5 in. 3.5 Plastic 0.77 1.24 ---- 0.31 5.95 6.48
RnC roof slab 18,0 7-3/4 in. 5.5 Plastic 1.0 5.7 ---- 0.028 4.55 4.57
R/C girder 20.0 20 in. x 45 in. T ---- Elastic ---- 1.25 1.18
R/C column 13.0 12 in. x 20 in. 6.0 Plastic 0.324 0.338 ---- 0.83 92.1 114.0

R/C wall slab 14.75 12-1J2 in. ---- Elasto-plastic 1.26 1.67 ---- 0.118 1.76 1.71
R/C roof slab 18.0 9-1/2 in. ---- Elasto-plastic ---- 6.6 1.92
R/c girder 16.0 20 in. x 42 in. T ---- Elastic ....---- ---
R/C column 11.83 18 in. x 28 in. ---- Elastic 0 .. 1.15 ......

!MWERICAL EUAMPIE, DESIGN OF A ONE-STORY STEEL FRAME
BJILDING, PLASTIC DEFORMATION PERMITITD

7-18 GENERAL. This numerical example presents the design of one bay of a

windowless one-story, steel, rigid-frame building with plastic deformation

permitted (fig. 7.7). The design overpressure (10 psi from an 18-KT

weapon) is arbitrarily selected for illustrative purposes. In an actual

case the design overpressure would be determined by evaluating a group of

considerations including many nonstructural design considerations. The

example includes only the designs of the major elements of the structure,

including the roof slab, purlins, wall slab, columns and girders of the

frame, and the foundation.

One-way reinforced concrete slabs are used for the roof and walls.

16



1-18 EM 1110-345-417S~15 Jan 58

The concrete compressive strength 43t6"

is specified at 3000 psi and in- 3oat 6'-8" 20'-o"

termediate grade reinforcing 9

steel is used. In accordance S36WGidr

with EM 1110-345-414, a uniform
16- O" Fr-" 14'-6"

dynamic increase factor of 1.3 low l4-,
Column

is used, giving the following

strength properties for use in

the design concrete Cross Section

V = 3000 psi
c = 3900 psi A 2 20'-0"

dc 6
fE = 3(10) psi .
dc 6I

n = 10 II8 -0"

reinforcing steel

f = 40,000 psi

fdy = 52,000 psi

The purlins, columns, and girders Plan of Typical Boy

are wide flange structural shapes

with welded connections. The Figure 7.7. Plan and section of
steel frame building

strength properties are speci- g

fied in EM 1110-345-414.

The structure is to be located upon a compact sand-gravel mixture ex-

hibiting the following properties (par. 4-15).

Normal load-bearing capacity 1 10 kips/sq ft

Ultimate load-bearing capacity = 30 kips/sq ft

Coefficient of friction (soil on soil) = 0.50

Coefficient of friction (concrete on soil) = 0.75

Unit weight of soil = 100 lb/ft 3

Normal component of passive pressure coefficient, KpO = 10

Modulus of elasticity, E = 40,000 psi

It must be emphasized that the primary purposes of this example and

those that follow are to illustrate the design techniques and philosophy

presented in the previous manuals. Presentation on this example should not

be considered a recommendation of the structural system for use in blast-

resistant buildings.
17
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r-19 DESIGN PROCEDM. In general blast-resistant design proceeds from

;he butside to the inside because the dynamic reactions of the outside

".lemnts are used for the loading on the supporting members. The steps in

.he d~esign procedure are as follows:

Step I. Compute the pressure variations from which the design loads

.an be obtained. The following curves are needed in addition to some local

roof overpressure curves which are introduced in paragraph 7-22:

(1) Incident overpressure vs time curve (fig. 7.8)

(2) Front face overpressure vs time curve (fig. 7.9)

(3) Rear face overpressure vs time curve (fig. 7.10)

(4) Net lateral overpressure vs time curve (fig. 7.11)

(5) Average roof overpressure vs time curve (fig. 7.12)

Step 2. Using the procedure of paragraph 6-11 for design with plastic

leformation and a triangular load-time curve idealized from the front face

3verpressure-time curve make a preliminary design of a wall slab. Check

hhe design using the numerical integration procedure of paragraph 5-08 and

.he computed front face overpressure-time curve. In this analysis the dy-

2amic reaction of the wall slab at the roof and foundation are obtained for

Later use.

Step 3. Design the roof slab by the same procedure used for design

)f the wall slab with a triangular load-time curve idealized from the in-

-ident overpressure-time curve for the preliminary step, and use the actual

Lncident overpressure-time curve in the numerical integration to check the

;lab deflection. The dynamic reactions are obtained for use in the purlin

Lesign.

Step 4. Base the purlin preliminary design on the same idealized

Load-time curve used in the roof slab design. However, for the numerical

Lntegration analysis use the load obtained from the roof slab dynamic re-

Lction. From the numerical analysis of the purlin obtain the design load

.or the girder.

"Step 5. Make a preliminary design of the columns assuming the girders

;o be infinitely rigid and neglecting the effect of axial load on the

.olumn. A triangular load-time curve idealized from the net lateral

)ressure-time curve is used in the preliminary design.

18
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Step 6. Design the frame girders using the procedure of paragraph

6-12 for elastic design. In this preliminary design the load-time curve is

idealized from the variation of purlin dynamic reactions.

Step 7. Check the preliminary column design by determining the maxi-

mum lateral deflection of the frame considering the relative flexibility of

the columns and girders and the effect of axial load on column resistance.

Use the wall slab dynamic reactions at the roof line for the design lateral

load on the frame.

Step 8. Design the foundation.

7-20 LOAD DETERMINATION. The computation of the various pressure-time

curves is explained in detail in M4 1110-345-413. In this example the

methods are illustrated by presenting the computations for one point on

each of the curves. The dimensions of the structure used in the load com-

putations are the outside dimensions of the building which are determined

at this stage of the design by estimating the sizes of the slabs and

girders (fig. 7.7).
a. Incident Overpressure vs Time Curve. Assumptions of the incident

overpressure and time duration used in the illustrative examples in this

manual are given in figure 7.8.

t0 = Wl/3 (0.262) = 181/3 (0.262) = 0.685 sec

The incident overpressure-time curve (fig. 7.8) is obtained from figure 3.4b.

b. Front Face Overpressure vs Time Curve (Fig. 7.9).

crefl = 1290 fps (fig. 3.21)

= 3h 3(16) = 0.0372 secC ref 1 1290

Prefl - 25.3 psi (fig. 3.20)

qo = 2.23 psi (fig. 3.23)

Overpressure = Ps + 0.85q

q is obtained using table 3.2. P is obtained using table 3.1.5

For example, for t = 0.100 sec, t/t° = 0.146
q = 2.23(0.513) - 1.14 psi (table 3.2)

P = 10.0(0.738) - 7.38 psi (table 3.1)5

Pfront = 7.38 + 0.85(1.14) = 8.35 psi

Following the procedure of figure 3.25, the front face overpressure

vs time curve may be drawn.
19
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c. Rear Face Overpressure vs Time Curve (Fig. 7.10).

Length of structure, L - 43.5 ft

U0  1403 fps (fig. 3.9), co = 1115 fps (par. 3-08S)

td " - 0.0310 see
0

4h' 4(16) = 0.0573 sec
S- c 0 1115

o

At time td + th 0.088 sec, using table 3.1, Psb = 10.0(0.842)
- 8.42 psi

At time td + th, from figure 3.27b, PbackPsb - 0.735

Therefore, P -s
Therefore' Pback = 0.735(8.42) = 6.20 psi

For times in excess of t = td + tb, the ratio of Pback/Ps is as given

in figure 3.27b.

d. Net Lateral Overpressure vs Time Curve (Fig. 7.11). At any time

tY Pet = Pfront - Pback

e. Average Roof Overpressure (Fig. 7.12). For the blast propagation

direction normal to the long side of the building, at time t = VU° = 0.0310

sec

Proof = 0.9 + 0. - P 0.91 (fig. 3.34)Ps LI4.

P5 = 10.0(0.957) = 9.57 psi (table 3.1)

Therefore, Proof = 0.91(9.57) = 8.71 psi at t = 0.0310 sec

For times in excess of t = i/Uot, the ratio of froof/Ps is as given

in figure 3.34.

7-21 DESIGN OF WALL SLAB. The wall is de-

signed as a one-way reinforced concrete slab

spanning from a fixed support at the founda-

tion to a pinned support at the roof slab. ,.5
The slab is permitted to deform into the

plastic region by developing plastic hinges

at the foundation and near midheight. The

span length of the slab is equal to the clear

height of the wall. 2

25



1K 11ýo-345-4177-115i 58 -l

The preliminary plastic design procedure is described and illustrated

by an example in paragraph 6-11. Dead loads are not considered in design-

ing vertical wall slabs. The design calculations are made for a one-foot

width of slab.

a. Design Ioading. The design load as idealized from the computed

loading shown by figure 7.9 is defined by:

B - 25.3("44)17.2 = 63.8 kips
6a63.9 hipS 1000

T = 0.062 sec

B T (63.8)0.o62
H 2T 02 = 1.98 kip-see (par. 6-11)

Time (sec) T.O.062 sec b. Dynamic Design Factors. (Refer to

table 6.1.)

Elastic range:

L = 0.58 , iK= o. 4 5, K = 0.78

R "s k 185BI
Rim L , k1 =-----

v 1 o.:6R + o.J2P., v 2 = o.43R + o.19P

Elasto-plastic range:

0L. .64, K=0.50j, x-o.7
m =L(MP+ 2%) kep 384Ei

V = 0.39R + 0.l1P

Plastic range:

L= 0.50, I = 0.33, I= o.66

V = 0.38R + 0.12P

Average values:

0.64 + 0.5o = 0.57
KL= 2

0.50 + 0.33 = 0.42
=M~ 2

RE =

m= L (M•s + Mft)

I~ 1 6cn~ 
ur
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S c. First Trial - Actual Properties.

,at MPS - MM - M

Assume p = 0.015 (Par. 4-10)

Let M~ 5 (par.. 6-26)
Assume = 0.7 (experience)

- cM=R = 0.7(63.8) = 44.7 kips

Ml= Pfbdyd 2 (1. - (eq 4.16)

- 0.015(52) (1)d 2 [1 0.015(52) °0.688d 2 kp•-ft (d in inches)

Rm =12MP = (12)0.688d 2 = 44.7, .*. d = 9.73 in.
m L 17.5

Try h = 11 in., d = 9.75 in., p =0.015

-p 0.688(9.75) 2= 65.4 idP-ft

R 'o4m 12(65.4) = 4.8 kips , ,,"M L 17.5 A

1 I = bh3 /12 = (11)3 = 1331 in. 4  No.8 bars fcover 1.25

I = bd3 [ + p(1 - k)2]

= 12(d) 3 [(°'23 + 0.015(1 - 0.42)2]

= 0.905d 3 = 0.905(9.75)3 = 839 in-. 4

Ia = 0.5(Ig + It) = 0.5(1331 + 839) = 1085 in. 4

1 =6oEI = (160)3(10)31085 = 675 kips/ft

L3- 144(17.5)3

4 4.8

ym= CCP = 5(o.o664) = 0.3320 ft (par. 6-26)

Weight = (lzooo = 2.4o6 kips
2.406 ki-e2

Mass m = 2 = 0.0747 kip-fec

- 32.2ft

d. First Trial - Equivalent System Properties.

Rme = mLnRl n 0.57(44.8) = 25.5 kips (eq 6.12)
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R e 0 0.57(1.98) - 1.13 kip-sec (eq 6.2)

in- e a 0o.2(0.0747) = 0.0314 kip-sec2/ft (eq 6.2)

WP ( (1-.13) 20.33 ft-kips (eq 6.10)

Wn 21tJ Tm 6.28 0-8O 0.058 sec (eq 6.114)

e. Work Done vs Energy Absorption Capacity.

CT T/% - o.o62/0.058 - 1.07

- RU/B - 44.8/63.8 a 0.70 (eqs 6.15, 6.16)

tm/T a 0.8 (fig. 5.29)
t W (0.8)0.062 - 0.0o9 sec

The idealized load-time curve is satisfactory since it agrees rea-

sonably with the actual load-time curve (fig. 7.9) (see par. 5-13).

S- o.365 (fig . 5.27 )

Wmm= CWWp = 0.365(20.33) - 7.42 ft-kUps (eq 6.17)

S- R(y - 0.5y,) -- 25.5 [0.3320 - 0.5(0.0664)]
- 7.62 ft-kips (eq 6.18)

E > W, .'. the selected proportions are satisfactory as a preliminary

design.

f. Preliminary Design for Bond Stress. It is now necessary to

select the reinforcing steel for the critical

- , cross sections. At the fixed end of the wall

" "". ''--• the cover requirement results in a smaller
No.S aof" 2'cover 2. value of d w 8.5 in. than at midspan, d = 9.75
At Fixed End

in. To achieve approximately the same p at

No. 8 oa 5" 4cov,, ,.25" both critical sections several values of p

0 • • -•--are investigated to obtain the value of p

* -. [97.i 0* AmIT + 14Mp
At Midspan I for which = mp = 65.4 kip-ft. A

plot of equation (4.16) simplifies this

computation. From such a plot p = 0.016.
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At the fixed end

Estimated V ax = o.5Rm - 0.5(44.8) - 22.4 kips

Allowable u = 0.15fc' = 0.15(3000) -- 450 psi

v 8(22,40 6.7 in.
uj- = 7(450)8.5 =

A = pbd = m.016(12)(8.5) = 1.63 in. 2

Try #8 at 5 in., A. = 1.9 in. , Zo = 7.5 in.

= 1.9 =o.o86
1: 2(8.5)

At the pinned end

Estimated Vm = (1/3)Rm = 1/3(44.8) = 15.0 kips

v =8(i5"°9° = 3.9 in.
£o>= jd= 7(450)9.75

As = pbd = 0.016(12)(9.75) = 1.87 in. 2

Try #8 at 5 in., A = 1.9 in.2 Zo = 7.5 in.S

P 1.9 oo6
12(975)= 0.0162

g. Det__-'K nation of Maximum Deflection and Dynamic Reactions by

Numerical Integration.
M = Pfdybd2 [ f~L - 1.7fdc 0.0162(52)(1)(9.75) - (o.o62)52M~ m Pfd p 1 7f! l - 1.7(3.9) ]

= 70.0 kip-ft (eq 4.i6)

= 0.0186(52)(1)(8"5)2 [ m - = 59.5 kip-ft

1 = bh3 /12 - (n)3 = 1331 in. 4Ig

it = bd3 [k3/3 + np(l - k)2] = 12(9.75)3 F_ + 0.162(1 - 0.43)2]
4

-880 in.

Ia = 0.5(19 + It) = 0.5(1331 + 880) = 1105 in. 14

Weight = = 2.406 kips
12(1000

Mass m 2.406 0.0747 kip-sec 2/ft32.2Elastic range:

R 8Mps= 8(59.5,) = 27.2 kips
lIni L 17.5
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185EI (185 )3(10)31105kI -- -- 14(75) -793 kips/ft

0 44(17.5)3
R 272 0•0.0344 ft

Ye -k 79

Elasto-plastic range:
Rm =4MPs + 2MPmL 4[59.5 + 2(70)] - 45.6 kips

R L / 17.5

k p = 384E -1 84 k, = 329 kips/ft

ep 501(2
=y Rm_-Rm = .34445.6 - 27.2= f

Yep = Ye + R k 0.0344 + 329 = 0.090 ft
ep

Plastic range:

Rn = 45.6 kips

Since Mpm A Mps the formula for k. in table 6.1 is not usable. To

obtain a value for YE and kE, an "effective res-istance" line is selected on

Maximum Deflection .P 5., figure 7.13 so that the area under it up

2R. 45.6 to YE is equal to the area under the cal-
ItI*P %culated elasto-plastic resistance line.

RI." 27.2

o -k- -3wips/f, The required value of YE =0.0715 ft.
a k - 638 kips/ft

rk" It - 329kips/ft R
y - = 45.6 = 638 kips/ft

I s 0.07ft5
Y * O.O9Oft -----

"Ye Y ep Ym = OYE = 5(0.0715) = 0.3575 ft
Deflection, y(ft)

Figure 7.13. Resistance function for Tn =62 4T=6. 20638
li-in. wall slab spanning 17.5 ft
fixed at base and pinned at t op = 0.06 sec

The basic equation for the numerical

integration in table 7.2 is Yn + 1 =Yn(t)2 + 2y n - 1 (table 5.3)

where

n 2 (P n Rn)(At)2

=) KIM3m)
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Table 7.2. Determination of Maximum Deflection and Dynamic

Reactions for Front Fall Slab

t P n RPn Pn - Rn Yn(At) 2  Yn Vln V2n
(sec) (kips) (kips) (kips) (ft) (ft) (kips) (kips)

0 63.8 0 31.9 0.01369 0 7.7 12.1
0.005 58.7 10.8 47.9 0.02055 0.01369 9.8 15.8
0.010 53.5 31.6 21.9 0.00939 0.04793 18.2 18.2
0.015 48.4 45.6 2.8 0.00142 O.09156 23.1 23.1
0.020 43.2 45.6 -2.4 -0.00122 0.13661 22.5 22.5
0.025 38.1 45.6 -7.5 -0.00380 0.18044 21.9 21.9
0.030 32.9 45.6 -12.7 -0.00644 0.22047 21.3 21.3
0.035 29.0 45.6 -16.6 -0.o0842 0.25406 20.8 20.8
0.040 27.3 45.6 -18.3 -0.00928 0.27923 20.6 20.6
0.045 26.3 45.6 -19.3 -0.00979 0.29512 20.4 20.4
0.050 25.6 45.6 -20.0 -0.01014 0.30122* 20.4 20.4
0.055 24.9 42.4 -17.5 -0.00751 0.29718 14.o 22.9
0.060 24.4 33.2 -8.8 -0.00378 0.28563 11.5 18.9
0.065 23.9 21.1 _ 0.27030 8.4 13.6

* (yn) = 0.30 ft.nmax

Syn(At)2 = (P n- Rn)25(10-6)
n0.78(0.0747) fi.9(0)(n - n) t lsi g

2 =(Pn - Rn)25(10-6 )4
= 0.78(0.0747) = 4.29(10 )(Pn - Rn) ft, elasto-plastic

(Pn - R n)25(10-6 ) 4range

= 0.66(0.0747) = 5.07(10 )Pn - Rn) ft, plastic range

The time interval At = 0.005 sec is approximately Tn/l0 = 0.006

(Par. 5-08).

The dynamic reaction equations are listed in paragraph 7-21b. The Pn

values for the second column are obtained from figure 7.9, multiplying by

144(17.5)/100 = 2.52.

The maximum deflection. (Yn)max, computed in table 7.2, is 0.30 ft

which is less than the allowable Ym of 0.35 ft.

YE = 0. 068 ft

n= (Ydmax - 0.30 = 4.2 < 5.0; OK
YE 0.0715
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h. Shear and Bond Strengh. For bottom of wall (fixed end of

idealized slab):

V = 23.1 kips (table 7.2)

For no shear reinforcement (eq 4 .2 4 a)

v = 0.04f' + 5000p = 0.04(3000) + 5000(0.0162) = 120 + 81 = 201 psi
y c

8v 8(23,lOO) = 258 psiv bd 7(12)8.5

Shear reinforcement required for 258 - 201 = 57 psi. Contribution of shear

reinforcement to allowable shear stress = rfy'
57

r = 5 0.0014

Try 1 #3, A 0.11 in. 2

A
r = -E = 0 .004, .." s = 7.8 in., use s = 7.5 in.

For top of wall (pinned end of idealized slab):

Vmax = 23.1 kips (table 7.2)

Corner Dowels v = 201 psi3o. No , S lo1"Y
t o.-t /v= 8v 8(23,1oo) = 226 psi

5d•=d 7(12)9.75
4No.2Stirot8" Shear reinforcement required for

3 -4" at I0"along Wall 226 - 201 = 25 psi
No. 4 atO I" r = 25/40, 000 = 0.0006
No.4? Iin" 2

-i-" Try 1 #2, A = 0.05 in.
o 8 07-6" A s

No.8 at 0"0 r T- = 0s = O. 0006,
"No.O8 at 5b l's
NO.8O5" ,,s = 8.3 in.,

use s = 8 in.

Bond:
-4No. 3Stiroat7B•ond:
at ,o'olonq Wall u = Psi = 7(415(psi

2 No.Sat lO6"0 }D9 'wlS 7Z od 7 (7 5 0 5
Allowable u = 0. 15 f'

2!-6" No. at5" =D0owel.150(3000) = 450 psi > 415
Note: Wall Steel to Have -Cover Inside psi; OK

2"Cover Outside
Foundation Steel Not Shown i. Summar. 11-in. slab,
Slab Steel Not Shown p 0.0z62
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Shear reinforcement:

Bottom of wall #3 at 7-1/2 in.

Top of wall #3 at 8 in.

7-22 DESIGN OF ROOF SLAB. The roof slab is designed as a one-way rein-

forced concrete slab spanning continuously over purlins located at the

third-points of the supporting girder.

As stated previously, the general arrangement of the members in this

example is not selected as

the result of economic . -

studies. This example is 132/2"

intended primarily to il-

lustrate design technique.

The slab is per- W'--

mitted to deform into the

plastic region by develop- -__ _1__1_____I___

ing plastic hinges at both

supports and midspan. In L,6-8"

the design procedures of

this manual only single-span elements can be handled, therefore in using

the preliminary plastic design procedure of paragraph 6-11 a one-foot width

of slab is considered to be a fixed-end beam spanning 6 ft 8 in., the

purlin spacing.

a. Loading. The critical slab loading is the incident overpressure

vs time curve (fig. 7.8). This loading results from the blast wave moving

8' .8' 8e' I ,8' parallel to the long axis of the build-

__ . /--- -V ing. Since the slab is framed perpen-

0- 2' dicular to the direction of the blast

S-4- wave the load may be considered to be

- _ 20' uniformly distributed along each slab
- span. The individual one-foot slab

Zone I- Incident overpressure at elements along the purlin reach their
oil points of roof.

maximum deflections at different times;

however, they provide little restraint to adjacent elements. This effect

* is neglected in this example.
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For the blast wave moving perpendicular to the long axis of this

2 building the design loads on the slab areY - reduced from the incident overpressure
is' Zone I loads for two reasons: (1) the time required

to build up load on the slab is finite and

Zones 2 (2) the Zone 3 overpressures are less than
and 3

iI ,the incident overpressure (Ef4 1110-345-413).

- -~ The design load as idealized from the

Is' ZoneI computed loading shown by figure 7.8 is

defined by

=10 psi 0(004)6.67 = 9.6 kips 9e-.6 kips

1000

T =0.38 sec

BT (9.6)0.8 •= 1.83 kip-sec (par. 6-11)
2 2 .

b. Dynamic Design Factors. (Refer to table 6.1.) TO.38 sec
Time (see)

Elastic range: T

KL 0. 5 3 , ' = o. 41, KI 0.77

R =12 M ' k = 384EI,3
V = 0.36R + O.14P

Elasto-plastic range:

KL = o.64, I .m =050, K =0.78

R :L (MPs + Mp-) ke= 384EI
SLkep~ 5L3

V = 0.39R + 0.11P

Plastic range:

L =0.50, Km = 0.33, KM = o.6 6

L 8

V = 0.38R + 0.12Pm

Average values:

KL = 0.5(0.64 + 0.50) = 0.57, KIM = 0.5(0.78 + 0.77) = 0.77

KM = 0.5(0.50 + 0.33) = 0.42
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Rm (MPS + I4M)

307EI

C. First Trial - Actual Properties.

Let Mps = M =Mp

Assume p = 0.015 (par. 4-1o)

Let 03 = 5 (par. 6-26)

Assume CR = 1.0 (experience)

Rm 1.o(9.6) = 9.6 kips

MP= pfdd - 1-7f• (eq 4.16)

= 0.015(52)(1)4 2  1 - 15(52.) = 0.688d. 2 kip-ft (d in inches)

16MP _ 2 1670-9)]
R =- = = 9.6, .'. d = 2.4 in.m. L - 66

Try h = 3.5 in., d = 2.5 in., p =0.015, np= 0.15

MP = 0.688(2.5)2 = 4.3 kip-ft

R l6M,_ 43 -10o.3 kips
Rm = 6.67

)34 No. 4 3"cover ;.0"
Ig = bh3/12 = (3.5) = 42.9 in.

It =bd3 [1 +LnP(- k)2]

= 12(d)3  ý.2) + 0.15(1 - o.42) 2]= 0.905d3 = 0.905(2.5)3

14.1 in.

Ia = 0.5(Ig + 1) = 0.5(14.1 + 42.9) = 28.5 in.4

307EI (307)3(10)328"5 615 klps/ft

L3  (6.67)31441

R 10.3
YE = = -. = 0.0168 ft

Ym = Ye = 5(0.0168) = 0.084 ft (par. 6-26)

The roofing weight is 6 psf.
[3.5(150) 1 o6.67 =

Weight = 3+ 6.0] = 0.332 kips
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Mass m= 0 -332 = 0.0103 kip-sec2 /ft

d. First Trial - Equivalent System Properties.

m= =e LRm = 0.57(10.3) = 5.87 kips (eq 6.12)

H = IH = 0.57(1.83) = 1.04 kip-sec (eq 6.2)

me = Kem = 0.42(0.0103) = 0.00432 kip-sec2 /ft (eq 6.2)

2
(He)2 1.432 = 125 ft-kips (eq 6.10)

Wp -9o.00432)
e

T 2v ~ 6.28 NF0.ý77(0.0103)/615 = 0.0226 sec (eq 6.14)

e. Work Done vs Energy Absorption Capacity.

CT = T/%n =*-.38/0.0226 = 16.9

CR = Rm/B = lO.3/9.6 = 1.075 (eqs 6.15, 6.1L6)

t/T = 0.09 (fig. 5.29)

tm = (0.09)0.38 = 0.034 sec

Idealized load-time curve is satisfactory at t = 0.034

ow = 0.005 (fig. 5.27)

Wm = CWwp = 0.005 (1.25) = 0.625 ft-kips (eq 6.17)

E = Rme(Ym - 0YE) = 5.87 [0.084 - 0.5(0.0168)]

= 0.445 ft-kips (eq 6.18)

E < W, .%. the selected proportions are unsatisfactory as a prelimi-

nary design.

f. Second Trial - Actual Properties.

.5(wm + E) 0.5(0.625 + oq045)Rm = KL (Ym - 0"5YE= (0.57) [0.084 - 0.5(0.0168)]

= 12.3 kips (eq 6.19)

16Mp = (16)0.688d2 d 2.7 in.
Rm = 6.67

Try h = 3-3/4 in., d = 2-3/4 in., p = 0.015

mp = o.688d2  0.688(2.75)2 = 5.2 kip-ft42. 7- 5. . 16MP 1(52
14~~~~ * -* I--~R 

6 4 16 . 27 12 .5 k ip s
No. 4 3/4 cover 0
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zg 12. (3.75 -53.0in..

It 0.905d3 = 0.905(2.75) 3 - 18.8 in. 4 (k - 0.42)

Ia o0.5(I1 + It) - 0.5(53.0 + 18.8) = 35.9 in. 4

I 307EI = (307)3(10)335.9 . 775 kiPs/ft0= , (6.67)3(144)
R
_= := O.Ol61 ft

Ym= C9 YE = 5(0.0161) - 0.0805 ft (par. 6-26)

Weight = 3"75(150)2 +.6.±.. 67 = 0.352 kips
Mass m= 0.352= 0.0109 kp-sec2/ft

32.2 0

g. Second Tinal - Equivalent System Properties.

Rme = KLRm = 0.57(12.5) = 7.13 kips (eq 6.12)

He = LH = 0.57(1.83) - 1.04 kip-sec (eq 6.2)

0 me = KMm = o.42(0.0109) = 0.00459 kip-sec2 /ft (eq 6.2)

(%)P2 (1.04)2 = 118 ft-kips (eq 6.10)WP = 2n =170-00459)

T = 2jtNF•Ic = 6.28F0.77(O.O1O9)/775 = 0.0207 sec

h. Work Done vs Energy Absorption Capacity.

CT = T/Tn = 0.38/0.0207 = 18.3

C% = %JB = 12.5/9.6 = 1.3 (eqs 6.15, 6.16)

tJ/T = 0.04 (fig. 5.29)

tm = (0.04)0.38 = 0.015 sec

Cw = 0.0015 (fig. 5.27)
Wm = C•w = 0.0015(118) = 0.177 ft-kips (eq 6.17)

E = R(ym - 0.yE) = 7.13 0.00805 - 0.5(0.0161)]

= 0.516 ft-kips (eq 6.18)

E>>W

Although the difference between E and W is great no other trial
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is Justified since slab thickness vas increased by only 1/4 in. Therefore

the selected proportions are satisfactory as a preliminary design.

i. Preliminary Design for Bond Stress.

Estimated V•m 0.5R - 0.5(12.5) - 6.25 kiPs

Allovable u = 0.15f•' 0.15(3000) - 450 psi (par. 4-09)
F v 8(62Zo)

,o V = 8620 5.77 in.
u~jd 40 27

Try #3 at 2-1/2 in., As = 0.53 in.2, Eo - 5.7 in.

25p = As/bd 053 =0.16,
~2 " 5 "" ' '• 13"75*

No. 3at V2" np= lo(oxo = o.16

J. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

= pf02bd 2 [(1(7)40]

= 0.016(52)(1)(2-75) -2 1 7(3 .9 )J 5.5 kip-ft (eq 4.16)

Ig = bh3/12 = (3.75)3 = 53.0 in. 4

2 2k = Cn p + 2np - np = 0.428

It =bd3 [k3/3 + np(l - k)2]

= 12(2-75)3 0.4283 + 0.16(1 - o.428)2  = 0.945(2.75)3 = 19.6 in.•

Ia = 0.5(Ig + It) = 0.5(53.0 + 19.6) 36.3 in.

Weight = 12 6.01 6.67 = 0.352 kips

Mass =0.352 = 0.0109 kip-sec2 /ft
32.2

Elastic range:

R P eight = 12(5-5) 0.352 = 9.5 kpsRlm=L wegt=6.67 -

k 384E = (384)3(10)336.3 980 kips/ft
0 (6.67)3144 9
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O -e =

Elasto-plastic range:

=M w(eight . ) 0.352 12.9 kips

k 3841Ei 1kep 5L3 =-5 k, - 196 kips/ft

+-R.R = 0.027 ft
Yep Ye k e 9

Plastic range:16Mp
Rm = L - weight = 12.9 kips

Maximum Deflection a 5 Y_ General:

Rm a 2.9 =E 307 (980) =781 kips/ft

R,,I. 9. 12
" k IkIx 9•0 k/ftyE t = 0.0165 ft

U I kEE 701 kips/ft
he' 7.6.,h,/ft ym 0yE -5(o.o165) 0 0.0825 ft

96 ah0.ps/ft
* / keptV 0.00k7 f ty=I I I Y*..oo7,, , ,o7(.l•

.e YE Ye 
T 211 = 6.28 701

Deflection, y(ft) = 0.0206 sec

The basic equation for the numerical

Figure 7.14. Resistance function for Tegcation in tae 7.3eis:

3-3/4-in. slab spanning 6.67 ft integration in table 7.3 is:

Yn + =Yn(At)2 + 2yn Yn - (table 5.3)

where yn(At)2 (% - Rn )(At)2 Rn)(0"00171)2

Yt(m) M -(m)

yn(At)2 = (Pn - Rn)(0.00171) 2

0.77(0.0109) 3.18(10-)(Pn - Rn) ft, elastic rge

yn(At) 2  (P - Rn)(0.00171)2 f

0.78(0.0109) = 3.439(10- )(Pn - Rn) ft, elasto-plastic range )

nnt2 ( (P- Rn)(O'00171)2 -1

yn(At) Rn0.66(0.0109) = 4.064(lO- )(Pn - Rn) ft, plastic range
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Tale 7.3. Determination of Maximuum Deflection and Dynamic
Reactions for Roof Slab

tP P "R y•n(t) 2  yI
t n n n Yn Yn Vn

(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 9.6 0 4.80 0.00167 0 1.34
0.00171 9.55 1.64 7.91 0.00275 0.00167 1.93
0.00342 9.50 5.97 3.53 0.00123 0.00609 3.48
0.00513 9.45 9.90 -0.45 -0.00015 0.01174 4.90
0.00685 9.40 10.98 -1.58 -0.00054 0.01724 5.31
o.00856 9.35 11.95 -2.60 -0.00089 0.02220 5.69
0.01027 9.30 12.90 -3.60 -0.00146 0.02627 6.02
0.01198 9.25 12.90 -3.65 -0.00148 0.02888 6.O1
0.01370 9.20 12.90 -3.70 -0.00150 0.03001* 6.00
0.01541 9.16 12.54 -3.38 -0.00118 o.02964 5.79
0.01712 9.11 11.02 -1.91 -0.00066 0.02809 5.24

*(Yn)mx = 0.03 ft.

The time interval At = 0.00171 sec is approximately TJIO = o.0o206

(par. 5-08). The value used is t 0 /40 because the incident overpressure

data is presented in terms of to (EK 1110-345-413).

The dynamic reaction equations are listed in paragraph 7-22b. The P.

values for the second column are obtained from figure 7.8, multiplying by

144(6.67)/1000 = 0.96.

The maximum deflection (yn)Max computed in table 7.3 is 0.03 ft which

is less than the allowable Ym of 0.08 ft. This is satisfactory because

thin slabs are very sensitive. Note the variation in E and W in the

two trials (pars. 7-22e and h).

C3=(Yn).a 0.03 = 1.8; OK
= E 0.0165

k. Shear Strength and Bond Stress.

Vmax = 6.02 kips (table 7.3)

For no shear reinforcement

Allowable vy = 0.04fc + 5000p (eq 4.24a)
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vy o0.04(30000) + 5000(0.016) = 120 + 80 = 200 psi

ly 8 8(6020) 2 s
v 7= 7(12)(2.75u

Slightly overstressed, OK to use
8Vd ==(oo 4 psi8v 8(6020)

u 7d 7(5.7)2.75

Allowable u = 0.15f' = 0.15(3000) - 450 psi; OK

1. Summa.

3-3/4-in. slab, #3 at 2-1/2 in.

p = 0.016

No shear reinforcement

7-23 DESIGN OF ROOF PJRLIMS. The purlins are framed flush with the tops

of the girders and are provided with moment-resisting connections. Connec-

tions attached to the top flanges of the purlins are embedded in the con-

crete slab to provide lateral support to the top compression flange and to

prevent separation of slab from purlin in reversals.

Although composite behavior of the slab and purlin can be expected to

develop to a limited extent, preliminary computations showed that design

for independent behavior of slab and purlin is more desirable for this ar-

rangement of members (peas. 4-12 and 6-23).

The purlins are designed for plastic behavior so that hinges are con-

sidered to develop at midspan and at the supports. In the design proce-

dures of this manual only single-

span elements can be handled.

Therefore, the continuity of the -

purlins is accounted for approxi-

mately by designing interior pur-

lins as fixed-end beams spanni

18 ft between girder centerlines. L ,,S.O'

Depending on the exterior support condition the exterior purlins are de-

signed as fixed-pinned beams or as fixed-fixed beams. In this example a

typical interior purlin is designed.

a. Iading. To present a complete picture of the loads that need be

considered acting on purlins, two directions for the blast wave are consid-

ered (par. 3-09). 41
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For the blast wave moving normal to the long axis of the building and

thus normal to the axis of the purlin, the loading may be considered to be

uniformly distributed along the length of the purlin. For this condition

the pressure vs time variation at each point along the roof is a function

of its position (par. 3-09). In addition the load on a purlin is a func-

tion of the length of the slab spans because the load on the purlin builds

up to a maximum value in the time required for the blast wave to traverse

the two adjoining slabs. In the preliminary design of the purlins the de-

sign load is the simplest form of the roof load obtained from the incident

overpressure vs time curve. The rise time, slab dynamic reactions, and

local variation are all neglected in this preliminary step.

For the blast wave moving parallel to the long axis of the building

and thus parallel to the axis of the purlin, the load varies along the span

as a result of the time required for the blast wave to traverse the purlin

span. At any point along the purlin the time variation of the load is the

same and defined by the incident overpressure vs time curve.

In the calculations that follow the load vs time curves for the pur-

lin are obtained first for the blast wave moving parallel to the long axis

of the building and then for the blast wave moving parallel to the short

axis of the building.

Face of Front Wall Face of Rear Wall The purlin obtained by the

3 oat6.67' 3,at 6.6' preliminary design procedure is

A 8' analyzed for both loads in

tables 7.5, 7.6, and 7.7.
4 3.5' Blast wave moving perpendicular to

I Ii
I ~I the long axis of the building:

From the procedure of para-

graph 3-09d the data for point (A) at purlin (A) are:
t=L' _8.412

t L- - 84 0.00 secd o 170671
v [.o042 + (0.108)i6.67 1403 = 88.1 fps

L' 8.42v' Ur- = 0.096 sec

0.5(td + tim) = 0.5(0.006 + 0.096) = 0.051 sec

42
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15 h -0.096 +15 16 0.266 se

4 -0 +i 4 ( 10)8.42 + 1 =8-2.2

This value must be 50; it is therefore taken as zero.

The resulting variations in the ratio of local roof overpressure to

incident overpressure for both points (A) and (B) are plotted in figure

7.15. The calculations for point (B) are not shown but are similar to

those for point (A).

By combining figure 7.15 and the incident overpressure curve (fig.

7.8) the variation of local roof overpressure with time is determined (fig.

7.16) for points (A) and (B). The calculations of local roof overpressure

for point (A) are contained in table 7.4. The calculations of data for

point (B) are not shown.

Table 7.4. Computation of Local Roof Overpressure at Point (A)

S P
d - P roof oof

0t-td t 0 t s

(sec) (sec) t (fig. 7.15) (fig. 7.8) 8 (psi)

0.00475 0 0 1.0 10.0 1.0 10.0
0.0429 0.03815 0.0558 0.893 8.93 1.0 8.93
0.07325 o.0685 0.1 0.814 8.14 0.205 1.67
0.0810 0.07625 0.1115 0.795 7.95 0.0 0.0

0.14175 0.1370 0.20 o.655 6.55 0.380 2.49
0.21025 0.2055 0.30 0.519 5.19 0.810 4.20

o.2410o 0.23625 0.346 o.463 4.63 1.0 4.63
0.27875 0.274 o.4 O.402 4.o2 1.0 4.02

0.34725 o.3425 0.5 0.303 3.03 1.0 3.03
0.41575 o.411 0.6 0.220 2.20 1.0 2.20

0.148375 0.479 0.7 o.149 1.49 1.0 1.49

0.55275 o.548 0.8 0.090 0.90 1.0 0.90

0.62075 o.616 0.9 0.041 0.41 1.0 o.41

0.68975 0.685 1.0 0.0 0.0 1.0 0.0

The data in the last column are plotted in figure 7.16.

The roof slab is analyzed in table 7.5 for both local overpressure vs

time curves presented in figure 7.16. The analysis in table 7.5 is based
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Table 7.5. Determination of Dynamic Reactions for Roof Slab,
Loral Roof Overpressure at Purlins (A) and (B)

Purlin (A) Purlin (B)

t P R P - R yn(At ) 2
n n Pn -Rn Y(t Yn V n P nV n

(sec) (kips) (kips) (kips) (ft) (ft) (kips) (kips) (kips)

0 0 0 o.62 +0.00030 0 0 0 0
0.002 ý.97 0.29 3.68 0.00175 0.00030 0.66 3.97 0.66
o.OO4 7.94 2.30 5.64 o.oo0268 0.00235 1.94 7.94 1.94
0.0o6 9.47 6.94 2.53 0.00120 0.00708 3.83 9.47 3.83
0.008 9.42 10.15 -0.73 -o.ooo34 0.01301 5.00 9.42 5.00
0.010 9.36 11.24 -1.88 -0.OO088 0.01860 5.41 9.36 5.41
0.012 9.30 12.17 -2.87 -0.00134 0.02331 5.77 9.30 5.77
O.o014 9.25 12.83 -3.58 -o.oo168 o.02668 6.02 9.25 6.02
o.oi6 9.20 12.90 -3.70 -o.o02o6 0.02837 6.oo 9.20 6.00
o.0o8 9.114 I.2.54 -3.40 -o.oo162 0.02800 5.79 9.14 5.79
0.020 9.09 10.59 -1.50 -0.00071 0.02601 5.08 9.09 5.08
0.022 9.03 7.94 0.02331 4.51 9.03 4.51
0.024 8.98 4.49 8.98 4.49
0.026 8.93 4.46 8.93 4.46
0.028 8.88 4.44 8.88 4.44
0.030 8.82 4.41 8.82 4.41
0.032 8.76 4.38 8.76 4.38
0.034 8.70 4.35 8.70 4.35
0.036 8.64 4.32 8.64 4.32
0.038 8.60 4.30 8.60 4.30
o.o4o 8.56 4.28 8.54 4.27
o.o42 8.1o 4.05 8.50 4.25
0.044 7.64 3.82 8.44 4.22
o.o46 7.18 3.59 8.38 4.19
o.o48 6.70 3.35 8.34 4.17
0.050 6.24 3.12 8.28 4.14
0.052 5.78 2.89 8.22 4.11

O.054 5.32 2.66 8.18 4.09
0.056 4.86 2.43 8.12 4.06
0.058 4.38 2.19 8.08 4.04
o.o6o 3.88 1.94 8.02 4.oi
o.o62 3.46 1.73 7.96 3.98
o.o64 3.00 1.50
o.o66 2.54 1.27
o.o68 2.o6 1.03

* From t = 0.020 the values of Vn are equal to 0.50Pn.
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on tfA following data developed in paragraph 7-22J and the resistance dia-

gram for the roof slab (fig. 7.14):

Elastic range: yn(At)2 = 3.48(0-4 )(Pn - Rn) ft

Elasto-plastic range: Yn(tt)2 = 3.439(10- )(Pn - R) ft

Plastic range: yn(At)2 = 4.X64(l4)(P1n - Rn) ft

The object of this computation is to determine the slab dynamic reactions

on the purlins.

The maximum response of the slab to these loads occurs before there

is any difference between the loads at (A) and (B), thus the dynamic reac-

tions of the slabs at purlins (A) and (B) are the same until the dynamic

reactions are based on the applied load P above. The last two columns of

table 7.5 show the applied load and the dynamic reactions at purlin (B).

To obtain the design load for purlins (A) and (B) the dynamic reac-

tion data from table 7.5 are plotted in figure 7.17. The total purlin load

is equal to the sum of the reactions of the slabs forward and aft of the

purlin. In figure 7.17, it may be seen that the same dynamic reactions are

plotted with a time lag

6.6= 0.0048 sectlag 173

The loads from figure 7.17 are used in tables 7.6 and 7.7 (par. 7-23j)to

check the preliminary purlin design.

Blast wave moving parallel to the long axis of the building:

The design load on the purlin is determined in figure 7.17a using

the slab dynamic reactions obtained in table 7.3 for incident overpressure.

The variation of the average load on the purlin with time is found by

plotting the same dynamic reaction curve with a time lag

t=18 = 0.0128 sectd =Z_

The variation in slab dynamic reaction with time is the same at each point

along the purlin. The load curve from figure 7.17a is used in table 7.8

to check the preliminary purlin design.

Preliminary design:_

For preliminary design it is desirable to use a simple load-time
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curve. The design load as idealized from the computed loading shown by

figure 7.8 is defined by

8-. 173 kipsB = 10 psi = i0(144)6.67(18) = 173 kips
1000

S

T =0.38 sec
0

L, T.O.3.•.oc H BT . (173)0.38 = 32.9 ldp-sec (par. 6-1)
Time (see)22

b. Dynamic Design Factors. (Refer to table 6.1.)

Elastic range:
KL. = 0.53, KM = 0.41, IX =0.77

R 2M~s
1m = L

V = O.36R + O.14P,= 384E

Elasto-plastic range:

KL o.64, K = 0.50, K• o0.78

R 8 k 384EI

m = &Ps 'Pf" ep 5 L3

V = 0.39R + 0.l1P

Plastic range:
S= 0.50, KM = 0.33, K, = 0.66

R =(M( + iP)

V = 0.38R + 0.12P

Average values:

KL = 0.5(0.64 + 0.50) = 0.57

KM = 0.5(0.50 + 0.33) = 0.42

KIM = 0.5(0.78 + 0.77) = 0.77

Rm ý(Mp + MPM)

307EI

c. First Trial - Actual Properties.

50
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Let a1 = 6 (per. 6-26)

Assume CR = 1.0 (experience)

Rm =- CB = 1.0(173) = 173 kips

S= 1.05Sfd = 1-05(141.6)s = 3.64 kip-ft (S in in. 3 ) (eq 4.2a)

16MP 1) 6i
R 1 (16)3.64S _- 173, .. S = 53.5 in. 3•=T = 18

Try 16 WA36,
S = 56.3 in. 3, z = 64 in. 3, 0.5(s+z)=60.1in. 3, I= #i6in.4

= : +. Z 41".6(60.i) = 208 kip-ft (eq .2)

16MP 16(208)
R L= = 1'S - =185kips

=E =0E (3o7)3o(1o)3046 - 9oo kips/ftL3- 183(144)
R 8YE -1 M = = 0.0378 ft

Ym= Co Y = 6(0.0378) = 0.2268 ft (par. 6-26)

Weight = + . 6.67(18) + 36(18) = 6.35 + 0.65 =7.0 kipWegh =L (12) + 6. 1000 i000

Mss m =7. = 0.217 kip-sec2/ft=32.2

d. First Trial - Equivalent System Properties.

Rme = ILRm = 0.57(185) = 105.5 kips (eq 6.12)

He = KLH= 0.57(32.9) = 18.75 kip-sec (eq 6.2)

me = Vm= 0.4o2(0.217) = 0.091 kip-sec2/ft (eq 6.18)
(H e )2 (1.52

P = 2(0.091) 1930 ft-kUps

T = 2v 4ine• = 6.28 04.(.217)10 = 0.0368 sec

e. Work Done vs Energy Absorption Capacity.

CT = T/Tn = 0.38/0.0368 = 10.3

CR = RJB = 185/173 = 1.07 (eqs 6.15, 6.16)

tJ/T = 0.12 (fig. 529)
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t - (o.12)o.38 - 0.0o55 sec

Idealized load-time curve is satisfactory at t - 0.045 sec (par. 5-13)

cw - 0.008 (fig. 5.27)

Wm = CWWP = 0.008(1930) - 15.4 ft-kips (eq 6.17)

E - Rm(Ym - o.5Y) = 105.5 [o.2268 - 0.5(0.0378)]

= 22.0 ft-kips (eq 6.18)

E > W, therefore the selected proportions are satisfactory as a pre-

liminary design.

Try to bring E closer to W by another trial that follows.

f. Second Trial - Actual Properties.

R 0.25W + 0.75E 0.25(15.4) + 0.75(22.0) = 172 kips(eq 6.19)K - 0o 5YE ) (o.57)Eo.226 - 0.5(0.0378)]

Since Rm = 172 w 173 from first trial, try

R = m5wm + o. 0o.5(15.4 + a2.0) 158 kipsM - (Ym - O.sY.) 0.57(0.208)

1m- 6MP 163.4S = 158., .. s = 48.5
m= L - 18~

Try 14 W= 344,

S = 48.5 in. 3, Z = 51.5 in. 3 , 0.5(0 + Z) = 51.5 in. 3 , I=339.2 in.

(s + z) = 41.6(51.5) = 178 kip-ft (eq 1.2)
MP=f- 2 12

S16(178)
Rm =-=w- =159 kips

307EI = 107(30)103(339.2) = 3720 kiPs/ft

-- L3 183(141)
m = 1 0.0427 ft

yE = ; 32

ym = =a YE = 6(o.o427) - 0.2562 (par. 6-26)

g. Second Trial - Equivalent System Properties.

%e = KLRm = 0.57(159) = 90)5 kips (eq 6.12)

ke = kkN 0.57(3720) = 2120 kips/ft (eq 6.6)

He = KH 0.57(32.9) = 18.75 kip-sec (eq 6.2)

me = o 2(0.217) = 0.091 kip-sec 2/ft (eq 6.8)
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e 1. 2 W1930 ft-kips
e

T,,- 2i~~7~- 6.28 40-77(0.217)/3720 -0.04&2 Sec.

h. Work Done vs Energy Absorption Camcity.

Co T/T - 0.38/0.042 - 9.05

%C - Rn/B -159/173 -092

CW - 0.022

W - 0.022(1930) - 42.5; too large, use initial trial 16 • F36

i. Preliminar Design for Shear Stress.

Estimated Vx = 0.5Rm = 0.5(185) = 92.5 kips

v v tdo = 19,500 Psiv t v d 0.299(15.65)
w

Allowble v = 21,000 psi; OK (par. 4-05c)

J. Determination of Maximum Deflection and Dynamic Reactions by

* Numerical Integration.

16 w36,
S - 56.3 in. 3, z - 64 in. 3, 0.5(S + z) = 60.1 in. 3 I = 446 in. 4

M= 2o8 kip-ft

Weight = 7.0 kips

Mass m = 0.217 kip-sec2 /ft

Elastic range:

=Re 12(208)eh 7.0 - 132.0 kipsIm = T eihd= 1

k = _E = (384)30(10)3446 = 6130 kips/ft
L •m183(144)

m . o0 0.02o15 ft
•e - i T 6130o

Elasto-plastic range:

-m L weight = . 7.0 = 178.0 kips

1 = k = 1226kips/ft
kep 5 03  5 1 53

53m nm•••m nmnln mmnmm nnnn
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R m -k R 0.0215 + ?82 = 0.0215 + 0.0375 =0.059 ft_Yep m Ye + k o. 1226
ep

Plastic range:

R L - weight = 178.0 kips
3o -_4900 kips/ft

M,.imumh Deflection • 30M = 49, : - 3 -

1; RM. 17e

-- 132 -a 178.0 0.0363 ft
It2 a Oiia;/t - E kE

k, ke a 4906 0 hips/ft

kI, I 1..226 kips/ft Ym -y. 6(0.0363) = 0.2178
SI 'I I 0.0215 ft

yp0.0363 f t The basic equation for the
ye 1Yee numerical integration in tables 7.6,

Deflection, I (ft) 7.7, and 7.8 is Yn + 1 = yn(At) 2 +
Figure 7.18. Resistance function for

16 F 36 purlin spanning 18 ft 2Yn- Yn - 1 (table 5.3) where

Table 7. & Determination of Maximum Deflection and Dynamic Reactions for Purlin (A)
(Zone 3 Local Roof Overpressure)

t nPn- R n .A nVn

(sec) (kips) (kips) (ips) (ft ) (ft) (kips)

0 0 0 3.3 0.00018 0
0.003 20.7 1.1 19.6 o.00106 0.00018 3.3
o.006 73.8 9.0 64.8 0.00349 o.o00142 13.6
0.009 129.6 38.8 90.8 o.00o489 0.0o615 32.1
0.012 180.0 99.5 80.5 0.00434 0.01577 61.0
0.015 207.0 142.1 64.9 0.00345 0.02973 78.1
0.018 212.14 163.4 149.o0 0.0060 0.014714 87.1
0.021 192.6 178.o 114.6 0.00092 o.o6715 90.8*
o.o24 176.4 178.o -1.6 -0.00010 0.08808 88.8
o.o27 163.8 178.o -1,4.2 -0.00089 0.10891 87.3
0.030 160.2 178.0 -17.8 -0.00112 0.12885 - .8
0.033 158.14 178.0 -19.6 -0.00123 o.14767 86.6
0.036 156.6 178.0 -21.4 -0.00134 o.016526 86.4
0.039 154.8 178.0 -23.2 -0.001146 0.18151 86.2
0.0o42 151.2 178.0 -26.8 -0.00168 0.19630 85.8
0.045 145.8 178.0 -32.2 -0.00202 0.2094. 85.1
o.0o18 131.14 178.0 -46.6 -0.00293 0.22050 83.4
0.051 118.8 178.0 -59.2 -0.00372 0.22866 81.9
0.054 104.14 178.0 -73.6 -0.00163 O.23310 80.2
0.057 93.6 176.8 -83.2 -0.ooW 0.23291 76.8
0.060 81.0 147.3 -66.3 -0.00357 0.228214 64.4
0.063 68.4 95.3 -26.9 -0.00145 0.22000 43.9
0.066 55.8 34.2 0.21031 27.9
0.069 1 45.0 1 1 1 1 1 22.5

* ( )• - 90.8 kips.
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Table 7.7. Determination of Ma~imum Deflection and Dynamic Reactions for Partin (8)
(Zone ',ocal Roof Overpresse)

t PU R n -'In Yn(,t)2 Yn Vn

(Se) (kips) (kips) (kips) (ft) (rt) (kips)

0 0 0 3.3 0.00018 0 0
0.003 20.7 1.1 19.6 0.00106 0.00018 3.3
0.006 73.8 9.0 64.8 0.00349 0.00142 13.6
0.009 129.6 38.8 90.8 0.00489 0.00615 32.1
0.012 180.0 99.5 80.5 0.00434 0.01577 61.0
0.015 207.0 142.1 64.9 0.00345 0.02973 78.1
0.018 212.4 163.4 49.o o.00260 0.o4714 87.1
0.021 192.6 178.0 14.6 0.00092 0.06715 90.8*
o.0214 176.4 178.0 -1.6 -0.00010 0.08808 88.8
0.027 163.8 178.o -114.2 -0.00089 0.10891 87.3
0.030 16o.2 178.0 -17.8 -0.00112 0.12885 86.8
0.033 158.14 178.0 -19.6 -0.00123 o.114767 86.6
0.036 156.6 178.0 -21.44 -o.00134 o. 16526 86.4
0.039 1514.8 178.0 -23.2 -o.=o146 0.18151 86.2
0.042 153.5 178.0 -214.5 -0.00154 o.019630 86.1
0.045 152.1 178.0 -25.9 -o.00163 0.20955 85.9
o.0o48 150.7 178.0 -27.3 -0.00172 0.22117 85.7
0.051 149.3 178.0 -28.7 -o.oo18o 0.23107 85.6
0.054 147.9 178.0 -30.1 -0.00189 0.23917 85.4
0.057 146.5 178.0 -31.5 -0.00198 0.24538 85.2
0.060 145.1 178.0 -32.9 -0.00207 o.24961 85.1
O.063 143.7 178.0 -314.3 -0.00216 0.25177 84.9
O.066 142.3 178.0 -35.7 -0.002214 0.25177 84.7
O.069 14o.9 163.9 -23.0 -0.00=24 0.24953 78.7
0.072 139.5 1141.9 1 1 o.24605 70.6
(V). = 90.8kips.

Table 7.8. Determination of Maximum Deflection and Dynamic Reactions for any Purlin
(Incident Overpressure)

t n n Pn -R Yn(At)2 Yn Vn
(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 0 0 2.8 0.00015 0
0.003 18.0 0.9 17.1 0.00092 0.00015
0.006 50.4 7.5 42.9 0.00231 0.00122
0.009 97.2 28.2 69.0 0.00372 0.00460
0.012 1147.6 71.7 75.9 O.00o409 0.01170
0.015 183.6 133.7 49.9 0.00265 0.02289
0.018 201.6 150.7 50.9 0.00271 0.03673
0.021 194.14 171.0 23.14 o.00=14 0.05328
o.024 183.6 178.0 5.6 0.00035 0.07107 89.7
0.027 172.8 178.0 -5.2 -0.00033 0.08921
0.030 162.o 178.0 -16.o -0.00101 0.10702
0.033 160.6 178.0 -17.14 -0.00109 0.12382
0.036 159.2 178.0 -18.8 -0.00118 0.13953
0.039 157.8 178.0 -20.2 -0.00127 O.15o.06
0.042 156.5 178.0 -21.5 -0.00135 O.16732
0.045 155.1 178.0 -22.9 -0.00144 0.17923
0.048 153.7 178.0 -214.3 -0.00153 0.18970
0.051 152.3 178.0 -25.7 -o.oo161 0. 1986&
O.o054 150.9 178.0 -27.1 -0.00170 0.20597
0.057 1149.5 178.0 -28.5 -0.00179 0.21160
o.060 148.2 178.0 -29.8 -0.00187 0. 2151.
o.063 14.6.8 178.0 -31.2 -0.00196 0.217,41
o.o66 145.4 178.0 -32.6 -0.00205 0.217142
0.069 0. 21538
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Yn(at) . KI(M n

yn(At)2 (Pn - R,)9(l0' 6 ) .386(10 5 )(p R e"n 0.77(0.217) . (o5( n nn ft, elastic rane

•n~at(p (- ]R 9(10-6)
(At) 2  n n(0.1 ) - 5.317(I0- 5 )(P - R ) ft, elasto-plastic

range

"" ('ot 0.6(0.217) = 6.284(10-5 )(P - Rn) ft, plastic range

The time interval At = 0.003 sec is approximately Tn/l0 = 0.00368 sec

(Par. 5-08).

The dynamic reaction equations are listed in paragraph 7-23b. The P

values for tables 7.6 and 7.7, second column, are obtained from figure 7.17,

multiplying by 18 to account for the length of the purlin. For table 7.8

the Pn values in the second column are obtained from figure 7.17a multiply-

ing by 2 x 18 = 36 to account for the tvo slabs loading the purlin.

The maximum deflection (yn) compuated in table 7.7 is 0.252 ft.
0.252 = 6.9 > 6. Thiis is satisfactory for this purpose. All•us uS= 0.0o363

other purlins are less critical.

k. Shear Stress Check.

Vmx = 90.8 kips (tables 7.6 and 7.7)

V o
5V 1585(0.299) ,200psi

Allowble v m 21,000 psi; OK (par. 4-05c)

0.426" 1. Check Proportions for local
Buckling. (par. 4-06d)

5 4.8 16 wF36, b = 6.992, t = 0.428,5.254.2 -Continuousf

_J No.,in"l a = 15.0, t 0.299
IF b/tf = 6.99/0.428 = 16.4 > 14.0, OK;

15.15" 311 X a slab provides support
9.60" ,5- a/tv - 15.0/0.299 = 50.2 > 30, NG; longi-

0.299" tudinal stiffeners required

L 1.• ts = 3/8 > 0.299, OK

6.99" b/tS = 6; bs - 6ts = 6(3/8) - 2.25 in.
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Use two plates 3/8 in. by 2-1/4 in. full length.

c/tw = (5.25 - 0.43)/0.299 = 16 < 22; 'K

e/tw = (10.25 - 0.43)/0.299 = 32.8 < 40; OK

7-24 PREIUMINARY DESIGN OF COLUMNS. A single-story frame subject to lat-

eral load behaves essentially as a single-degree-of-freedom system with the

columns displaying the spring properties. It is therefore unnecessary to
* substitute an equivalent system for the original structure and the mass and

load factors which are necessary in the design of beams and slabs are not

used in the design of single-story frames.

The preliminary plastic de- __- __- - ___ F

sign procedure of paragraph 6-11

is the basis for determining the

preliminary column size. The hC-14.5'

equations of paragraph 7-06 are _ 1_]1_ ______

incorporated into the procedure

of paragraph 6-11 replacing some of the factors that are used to determine

equivalent systems.

For purposes of preliminary design the frame girders are assumed to

be infinitely rigid thus simplifying the determination of the column spring

constant. For spring constant computation the effective column height h

is 16 ft based on an assumed girder depth of 3 ft and a clear height hc of

14.5 ft. The clear height is used in determining the resistance of the

columns (Par. 7-06).

In the preliminary design of steel columns it is desirable that the

energy absorption capacity be greater than the work done on the frame as an

allowance for the factors which are neglected. These factors are: (1) the

effect of direct stress on the plastic hinge moment, (2) the effect of lat-

eral deflection of the column on its resistance, and (3) the effect of

girder flexibility.

a. Design Loading. The design lateral load on the frame is obtained

from the dynamic reactions at the top of the front wall slab. However, for

preliminary design computations, it is satisfactory to use the net lateral

overpressure curve (fig. 7.11).
p The net lateral load is assumed to be reacted equally by the frame
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and the foundation. This results in a conservative load for the frame

since the dynamic reaction equations for the vall slab (par. 7-21b) result

in footing reactions that are larger than the roof reactions.

The design load as idealized from the computed

-loading as shon by figure 7*.11 is defined byo3
25.-

B = 25.3 psi = 595 kips
0 T = 0.062 sec

T 0062 595(.062)
Time (sec) H = "- = -

2 2 -184kisc

b. Mass Computation.

Walls (1 5o)182)1.5 = 86.5 kips

Slab and roofing 3.75(150) + 6.o 18(43-5) = 41.4 kips
\12 / 1000

Purlins 42.4(18)7 5.3 kips1000 =53kp

Girder (estimate) 160(41) = 6.5 kips

Connections (allow 10%) = 0.1(5.3 + 6.5) = 1.2 kips

Columns (estimate) 140( )14L5 = 6.1 kips1000
Mass of single-degree-of-freedom system = total roof + 1/3 (columns

and valls)

41.4 + 5.3 + 6.5 + 1.2 + 0.33(86.5 + 6.1)=85-2 =2.64 kip-sec2/ftm=32.2 3.

c. First Trial - Actual Properties.

let ao = 12 (par. 6-26)

Assume CR = 0.5 (experience)

R • = CB 0.5(595) = 297 kips

M, = lSSfd =1.05(41.6) S = 3.64S kip-ft (S in in. 3 )(eq 4.2a)
My = O = 12

Rm = (2nMp)/hc = [2(3)3.64S]/14.5 = 1l51S = 297, .*. s = 197 in. 3

Smallest column that satisfies buckling criteria is 14 W136

(par. 4-06d)

S = 216.0 in. 3, Z = 242.7 in. 3 , I = 1593 in. 4 , O.5(S + Z) = 229.3 in0
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b/tf = 14.74/1.063 = 13.9 < 14..0; OK (par. 4-06d)
p 0.5(s + Z)fdy 229.3(41.6) = 795 kip-ft

S2(3)795psm hc - 14.5c

k = 12EIn 12(30)103(1593)3 - 2910 kips/ft
k h 16-3(144)

S= 32 o .113 ftXe = 2910

xM =a1 xe = 12(0.113) = 1.35 ft

T= 2vV-/-i = 6.284NF./291o = o.189 sec
d. First Trial - Work Done vs Energy Absorption Capacity.

T/%n = 0.062/o.189 = 0.328

CR = RJB = 328/595 = 0.55
tJT = 1.3, tm = 1.3(0.062) = 0.0805 (fig. 5.29)

The original load-time curve should be revised to obtain a closer ap-

proximation to the total impulse up to time tm (par. 5-13). The impulse up
to t = 0.09 sec in figure 7.11 is

H = 1.00 psi-sec (obtained by graphical integration)

T = 2H/B = 2(1.0)/25.3 = 0.079 sec

T/T = o.o79/o.188 = o.42
tJT = 1.2, tm = 1.2(0.079) = 0.095 (fig. 5.29)
Try again for impulse up to t = 0.10 sec, H = 1.026

T = 2(1.026)/25.3 = 0.081 sec

T/T n = 0.8/o.189 = o.43
tm/T = 1.2, tm = 1.2(0.081) = 0.097 t = 0.10; OK (fig. 5.29)

cw= 0.71 (fig. 5.27)

1w R2  2 = (595 = 111 ft-kips

W =CWWP = 0.71(111) = 78.7 ft-kips

E = - = 328 [1.35 - 0.5(0.113)] = 426 ft-kips

This column section (14 w 136) is more than ample. Try to use a

P smaller column size.
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e. Second Trial - Actual Properties.

0.5(wm + E) = 0.5(78.7 + 426) 252 = 187 kips

Rm yM 1.35 1.35

S2(3)3.64S = 187, .*. S =124 in. 3

xI h= - 14.5

Try 12 W92 to satisfy buckling criteria (par. 4-04d).

S = 125.0 in.3, Z = 130.0 in. 3 , I = 788.9 in. , 0.5(S + Z= 127.5 in?

a/t = lo.91/o.545 = 20 < 22

b/tr = 12.155/0.856 = 14.2 -. 14.o; OK

Mp= 0.5(0 + Z)fdy= 127.5(41.6) = 441 kip-ft

2 p =y 18 kP s
R M 2(3)441Rm=-- 14.5 37893C

12EIn =.12(30)103(788.9)3 = 1440 kips/ft

h3 163(144)

xe= RJk = 182/1440 = 0.126 ft

x =c*xx =12(o.-126) =1.52ft
m e

T = 2%,F-F4 = 6. 284Vý6'444° = 0.268 sec

f. Second Trial - Work Done vs Energy Absorption Capacity.

T/Tn = o.0•1/o.268 = 0.302

CR = Rm/B = 182/595 = 0.3o6

tJT = 1.8, tm = 1.8(0.081) = o.146 sec (fig. 5-29)

Revise the load-time curve as above (par. 5-13).

Impulse up to t = 0.18 sec in figure 7.11 is H = 1.196 psi-sec

T = 2H/B = 2(1.196)/25.3 = o.94 sec

T/% = o.o94/o.268 = 0.351

tJT = 1.8, tm = 1.8(0.094) = 0.17 sec; OK (fig. 5.29)

cw = 0.82 (fig. 5.27)

WP 1E= (RT) 2 ~- , 59 )0.22 = 149.0 ft-kips

w = CWp = 0.82(149) = 122 ft-kips

E = RM(x= 182(1.52 - 2 266 ft-kips
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This column section is ample. Another trial may be malde to reduce

the size further.

g. Third Trial - Actual Properties.

0.5(W + E) 0512+26
R 0.= M 0.5 266) = 128 kipsm Ym 1.52

R 2(3)3.6(s) _ 128 8 - 85 i.3
m h " 14.5c

T1ry o w77, s = 86.1 in. 3 , Z = 97.6 in.3, P.0(s + z) = 91.8 in. 3,

i = 457.2 in. 4, A = 22.67 in. 2

a/tw = 8.89/0.535 = 16.6 < 22; OK

b/tf = 10.195/0.868 = 11.75 < 14.0; OK

= 0.5(s + z)f 91.8(41.6) 318 kip-ft
=y 12

2 203)318
=h- 131 kips

c

k = 12EIn = 12(30)103(457.2)3 = 835 kips/ft
0 h1 63(144)

xe = RJk = 131/835 = 0.157 ft

xm = xe = 12Ne = 12(0.157) = 1.88 ft

T = 2nrWk = 6.28,r2.64/835 = 0.353 sec

h. Third Trial - Work Done vs Energy Absorption Capacity.

T/T, = 0.094/0.353 = 0.27

CR = RJB = 131/595 = 0.22

tJT = 2.5, tm = 2.5(0.094) = 0.235 sec (fig. 5.29)

Revise the load-time curve as above (par. 5-13).

Impulse up to time = 0.25 sec is 1.20 psi-sec (fig. 7.11)

T = 2H/B = 2(1.30)/25.3 = 0.103 sec

T/Tn = 0.103/0.353 = 0.292

tJT = 2.5 (fig. 5.29), tm = 2.5(0.103) = 0.257 sec; OK

Cw = 0.88 (fig. 5.26)

Wp /2 = (595)20i0) = 179 ft-kips
2 2 8(2.64)
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E= x- = 131 .88 - 0.57) 236 ft-kips

This size is accepted for preliminary design. As noted above it is

desirable to have E exceed W because of the approximations in the pre-

liminary design procedure.

i. Shear Stress Check of 10 W 77.

R
Estimated V = (131) = 44 kips in one column

max 3 = 3

v _ = 7700 Psi
t d 0.535(i0e62)w

Allovable v = 21,000 psi (par. 4-05c); OK

J. Slenderness Criterion for Beam Columns. (See par. 4-08.) An ap-

proximate evaluation of the column slenderness criterion is made before the

column size is accepted for final analysis. The criterion is:

+ ( L\r < 1.0 (eq 4.10)

S= 318 kip-ft

W= -157 (318) = 212 kip-ft (a rough estimate)

P = fdYA = 41.6(22.67) = 945 kips

= (3.7)144(43.5)(18) = 139 kips, at tm = 0.257 sec (fig. 7.12)

PD = (1000)3

K' = 0.14 (table 4.1)

K" = 0.50 (table 4.2)

L = 14.5 ft (clear height)

r = 2.60 in., b = 10.195 in., tf = 0.868 in., d = 10.62 in.

Substituting gives

21i\ r. 1 :ýJ5)1.2(lo. ro. + (3g% 02j5tjb5ý19

= 0.196 + 0.329 = 0.53 < 1.0; OK
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7-25 DESIGN OF ROOF GIRDER. The girders are rolled structural steel

shapes continuous over two spans. Since the procedures of this manual con-

sider only single-span elements,
S•I •the girders are designed for

vertical loads as beams fixed at
3sp.,2 62-s0'20-o the interior support and pinned

at the exterior support. The

20' vertical loads are of two kinds;

uniformly distributed load due

to the girder dead weight and two concentrated loads, static plus blast ap-

plied by the purlins at the girder third-points.

The design moment at the interior support is a combination of three

superposed bending moments as follows:

(1) The moment caused by the static loads;

(2) The moment caused by the vertical blast loads; and

(3) The moment imposed by the central column in restraining lateral
motion of the frame.

0 The girder is designed for elastic behavior so that at all times it

will be capable of providing the full restraint equal to the column plastic

moment at each column support. For this two-span girder the column moment

in the girder is equal to one-half the plastic hinge moment of the column

(par. 7-11).

The basic design procedure is essentially the same as the elastic de-

sign procedure illustrated in paragraph 6-12. Although this is an elastic

design, the limiting moment is the plastic resisting moment of the section

(par. 4-04b).

The preliminary design load is based on an idealized version of the

purlin dynamic reactions. After obtaining a satisfactory preliminary de-

sign the actual average purlin dynamic reaction is used in a numerical in-

tegration analysis to verify the preliminary design.

a. Loading. The critical girder loading results from the blast wave

moving parallel to the girder axis. For this condition the average roof

loads vary along the axis perpendicular to the girder from a maximum at the

ends to a minimum over the central portion of the roof (par. 3-08d). To
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obtain the vertical blast load on the girder it is necessary to determine:

(1) The variation of Zone 3 local overpressure;

(2) The slab dynamic reactions for these overpressures; and

(3) The purlin dynamic reactions when loaded by the slab dynamic
reactions.

All this has been done in paragraph 7-23 in designing the purlins.

The girder dynamic load is determined in figure 7.19 by adding the dynamic

reactions of purlins (A) and (B) plotted with the proper lag time

t purlin spacing 6.67 = 0.0048 seclag velocity of blast wave '- 1

The dynamic reactions are obtained from tables 7.6 and 7.7 (par. 7-23J).

The design load as idealized from the computed loading shown by figure 7.19

8. 356 kips is defined by:

B = 4(89) = 356 kips

SqTr = 0.016 sec

T,.-.016,.c b. Elastic Range Dynamic Design Factors.
Time (,ec (Refer to table 6.1.)

Concentrated mass:

KL 0. 8 1, KM 0.67, KIM 0.83

R 6Mp/L, k 12

V1 = 0.17R + 0.17P, V2 = 0.33R + 0.33P

Uniform mass:

S= M.1, m o.4 5- - 0. 8 3

c. Mass Computation.

Slab and roofing 3.75(150) q- 6.0 18(4 o7 kips
120( (10)2=

Purlins 42.4(18)2 = 1.5 kips
1000

Girder (estimate) 160(20) = 3.2 kips
1000

Connections (allow 10%) = 0.1(3.2 + 1.5) = 0.47kips
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Total concentrated mss m = (2/3)(20.7) + (1.5) = 15.3
c 32.2 32.2

= 0.475 kip-sec 2/ft

Total uniform mmss mu = 3.2 + 0.47 = 0.115 kip-sec2 /ft32.2

d. First Trial - Actual Properties.

Assume D.L.F. = 1.4 (experience)

R = D.L.F.(B) = 1.4(356) = 500 kips (par. 6-11)

= 1.05Sf 1-05(41.6)s = 3.64s kip-ft (S in in. 3 ) (eq 4.2a)
dy 12

R 6MP 6(3.64S) 5002 .. = 458 in.3

m = L - 20

Try 36 w 150,

S = 503 in. 3, Z = 581 in. 3  0.5(S + Z) = 542 in. 3  I = 9012 in. 4

= fdy 0. 5(S + Z) = 41.6(542) = 1880 kip-ft (eq 4.2)

k L 132(30)303(9012) = 30,800 kips/ft
-3 2°3(l4)

e. First Trial - Equivalent Properties.

Concentrated m = K(mc) = 0.67(0.475) = 0.318 kip-sec2 /ft

Uniform me = Km(m) = 0.45(0.115) = 0.052 kip-sec2 /ft

Total m = 0.318 + 0.052 = 0.37 kip-sec2 /fte

ke = Kk = 0.81(30,800) = 25,000 kips/ft

= 2,t~J7ik = 6.28V0.37/25,000 = 0.0241 sec

-r /T = 0.016/0.0241 = 0.665

D.L.F. = 1.45 (fig. 5.21)

Required Rm = D.L.F.(B) = 1.45(356) = 516 kips

Required mp = RmL/ 6 = 516(20)/6 = 1720 kip-ft

0.•5M for column = 0.5(318) = 159 kip-ft (pars. 7-12 and 7-21g)

Moment in girder at interior support due to static loads

M = 3.7(20)/8 + 15.3(0.33)(0.67)(6.67 + 20)0.25 +S

15.3(0.33)(0.67)(13.3 + 20)0.25 = 9.25 + 22.7 + 28.3 = 60 kip-ft

Girder resistance available for vertical blast loads

M = 1880 - 60 - 159 = 1660 kip-ft < 1720 kip-ft

Consider larger sizes
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f. Second Trial - Actual Properties. Try 36 Vi 160

s = 541 in.3, z 622 in. 3, 0.5(S + Z) = 581 in.3  I= 9739 in. 4

M = fdy 0.5(S + z) = 41.6(581) = 2020 kip-ft

k = 132EI= 132(30)103(9739) kips/ft

L3 203(144)

g. Second Trial - Equivalent Properties. The change in the mass is
neglected.

ke = KLk = 0.81(33,300) = 27,000 kips/ft

Tn = 2ir~m7iý = 6.28,r0.-37-/2-7,00 = 0.0232 sec

T/T n 0.016/0.0232 = 0.69

D.L.F. = 1.38 (fig. 5.21)
Required Rm = D.L.F.(B) = 1.38(356) = 491 kips

Required M = Rm/6 .= 491(20)/6 = 1640 kip-ft
Girder resistance available for vertical blast loads

Mp - Ms - 0.5(Mp)colum = 2020 - 60 - 159 = 1800 kip-ft; OK

tJTr = 1.19 (fig. 5.21)

tm = 0.016(1.19) = 0.019 sec; OK
h. Preliminary Design for Shear Stress.

At tm = 0.019 sec, t = 0.019 + 0.0048 = 0.0238 sec
P = 4(89) = 356 kips (fig. 7.19)

V= 0.33Rm + 0.33P = 0.33(491 + 356) = 280 kips

=V 280,000 70 1stwd r ,53(36.0) = 1,700 psiW R,,. 540

Allowab- 21,000 psi (par. 4 -05c)
i. Determination of Maximum Deflec-k 30ki/f

tion Dynamic Reactions by Numerical .0" ft

Integration.
Ye Yep6m~ =T = ' = 54o" kips

R Defl)=54 ip 0ection, y (ft)
m=L 20

k = 33,300 kips/ft Figure 7.20. Resistance function for
36 F 160 girder spanning 20 ft,

Rm 540 0.0162 ft fixed at one end and pinned
e k k 33,300 at the other
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Table 7.9. Determination of Maximusm Deflection and Dynamic Reacutions for Roof Girder

t P R n P n- R n y(,t)2 Yn V•n

(sec) (kips) (kips) (kips) (ft) (t)ps)

0 0 0 o.65 0.0oooo6 0 0
0.002 4.0 0.2 3.8 0.000033 0.00O06 1.4
0.004 11.2 1.5 9.7 0.000085 0.000045 4.2

,)o.006 30.0 5.6 24.4 0.000214 O.ooo169 11.7
0.008 56.0 17.0 39.0 O.000341 0.000507 24.0
0.010 110.0 39.0 71.0. O.O000621 O. 001186 49.0
0.012 160.0 83.0 77.0 0.000674 O.002486 80.0

m.014 208.0 149.0 59.0 0.000516 0.000460 118.O
m.016 266.0 231.0 35.0 0.000306 O.006950 164.0
m.018 312.0 325.0 -13.0 -0.000114 O.009746 210.0
0.020 337.0 414.0 -77.0 -0.000674 O.012428 248.0
0.022 351.0 481.0 -130.0 -0.001137 0.014436 275.0
o.o24 356.0 510.0 -154.0 -0.001347 0.015307 286.0
o.o26 356.o 494.0 o.Ol4831 281.0

The basic equation for the numerical integration in table 7.9 is

Yn + 1 = Y("t) 2 + 2n- Yn -1(table 5.3)
where 2 (P - Rn)(At)2 (Fn - Rn)(0-002)2

Yn(t) = KIM(m) (0.55)(0.115) + (0.83)(0.475)

= 8.75 x 10-6 (P - Rn) ft

The time interval At = 0.002 sec is approximately equal to T/lO = 0.00232

sec (par. 5-08). The dynamic reaction equations are listed in paragraph

7-25b.

The Pn values for the second column in table 7.9 are obtained from

figure 7.19 multiplying by 4 to obtain the total concentrated load applied

to the girder by the two purlins.

J. Shear Stress Check.

V = 286 kips (table 7-9)

V = V 286; 000 = 12,150 psiv F = 2 -3-=3.0(M.53)

Allowable v = 21,000 psi; OK (par. 4-05c)
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k. Check Proportions of 36 WF 160 for Local Buckling.

b/tf = 12.0/1.02 - 11.8 < 14; OK

a/tv = 33.96/0.653 = 52 > 30; NG, longitudinal stiffeners required

(see par. 4-06d) 1.01"

t s = 3/4 > 0.653; OK -,I, f I

bs/ts = 6; bs = 6ts = 60/4) - 4.5 in. I,.7510.•7•3 -Conmnuou

Use longitudinal stiffeners, 2 plates weld

3/4 in. by 4-1/2 in. by full length. --•

c/tw = 10.73/0.653 = 16.5 < 22; OK 36" 22.542 33.96"

e/tV = 22.54/0.653 = 34.5 < 40; OK 0653

Weight of added plate stiffeners -- -
equals 23 lb/ft. 1 ,o.,o

7-26 FINAL DESIGN OF COLM. The column design was begun in paragraph

7-24. The final steps in the column design are illustrated by this para-

graph. The steps which follow are preliminary to the numerical analysis to

determine the lateral deflection of the top of the columns. In the pre-

liminary design (par. 7-24) some of the factors which affect the response

are neglected to simplify the computations. In this paragraph these fac-

tors are Considered: the variation of plastic hinge moment with direct

stress, the variation of column resistance with lateral deflection, the ef-

fect of girder flexibility on the stiffness of the columns, and the differ-

ence between the load on the wall slab and the dynamic reactions from the

wall which are used as the lateral design load for the frame columns.

a. Mass Computation. (Refer to par. 7-24b.)

Walls = 86.5 kips, roof slab = 41.4 kips, purlins = 5.3 kips

Girder 160(41) = 6.5 kips1000
Columns = 77(3)14.5 = 3-35 kips

s= 1000

Connections = 1.2 kips

Mass of single-degree-of-freedom system = total roof + 1/3 (columns

and walls)

m = 41.4 + 5.3 + 6.5 + 0.33(86.5 + 3.35) = 83.2 = 2.6 kip-sec2 /ft
932.2 6 32.2
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b. Column Properties.

10 W77

i = 457.2 in.4, S = 86.1 in. 3 , Z = 97.6 in. 3, 0.5(S + Z) = 91.8 in.3

A = 22.67 in. , b = 10.195 in., tf = 0.868 in.

a = 8.89 in., t w = 0.535 in., d = 10.62 in.

c. Column Interaction Design Data. The plastic hinge moment, plastic

axial load, and the values of M1 and P1 are computed below from the column

properties.

41.6
Mp = fdy(S + Z)0.5 = = (91.8) = 318 kip-ft (eq 4.2)

Pp = fa•A = 41.6(22.67) = 945 kips keq 4.7)
f•[ ^ t d2  _

p -dy [2btf 2 + -t - 2twtf2l (eq 4.12)
1 d f 2

41.6 [2(10.195)(0.868)2 + 055(10.62)2 ]Pl:I 2(0"535)(0"868)2
1 = 06 10.0 .9(08)+0 2-

PI = 3.91 [15.4 + 30.2 - 0.80] = 175 kips

fdy 2 + btf2(3d 6 dtf +4tf2)] (eq 4.11)

M1  3d = 4t-w(1- + - + 2

141.6 114fo3 )110.62 36~
(12)3(10.62) V 2 o +

10.195(0.868) [3(10.62)2 - 6(10.62)0.868 + 4(0.868)2]}

M1 = 1 .3 0 1 187 + 8.85 [339 - 55.5 + 3.0] 1*3 (2727) = 296 :ip-ft

For PD > P1
(PP PD)945 -PD

MD = ( ) M1  5 17 (296) = 364 - 0384PD (eq 4.13)

For PD < P1

P
1 -=M (MP - Ml) (eq 4.14)

(318 - 296 )PD

-1 (3- 175 - 318 - 0.125 PD

d. Effect of Girder Flexibility._ The relative flexibility of the

girders reduces the spring constant k in the elastic range from the value
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obtained in paragraph 7-24 for infinitely stiff girders (par. 7-08). To

obtain this revised value of k a simple sidesway analysis of the frame is

made. From the sidesway analysis the magnitude of the lateral force re-

quired to cause a unit displacement is determined.

In figure 7.22 the initial slope, which is the proper spring constant

until formation of the first hinge, is assumed to hold up to the plastic

resistance R . The true resistance curve is represented approximately by
mmthe dashed line up to Rm.

For infinitely rigid girders k = 835 kips/ft (par. 7-214).

The elastic sidesway anal- +365 p••s

ysis in figure 7.21 is started ., p.486.9 14486."

with -1000 kip-ft at top and U. I -946 -996 -946

bottom of each column. This O

is equivalent to a lateral E'S

displacement of the frame, -999 973

X = (F.E.M.)h 2 /6EI L0- ,,,,

2d20
(looo)(l6)2144

6(3o)1o3(457.2) Figure 7.21. Sidesway frame analysis by
moment distribution= o.44 ft

In the elastic sidesway analysis

Idealized Frame the conventional procedure of using
Resistance

-- A.... A-proximate Variation Of centerline dimensions is adopted al-
R*Stnc 

Pfl 0.414 ReIMO e)

* f Frame Resistance though in all other computations the
C It, r i.,Maximum It, - 815 kips/ft

D Def lection Y*-j tclear height of the column is used.ý_l, ti R :

I EM 2(9246 + 973) + 099 +998)Deflection, y (ft) 1 T16

Figure 7.22. Resistance diagram for = 365 kips
10 F 77 columns R 365

k = = 815 kips/ft

e. Loading. Both horizontal and vertical loads are considered. The

lateral load for the numerical integration Fn (fig. 7.23) is obtained from

the Vlh dynamic reaction column of the numerical integration analysis of

the front all slabs in paragraph 7-21g (table 7.2). The dynamic reaction

5 values for a one-foot width are multiplied by the width of one bay. After
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the dynamic reaction of the front wall slab has decreased to the level of

the applied load (at t - 0.055 sec) the F values are determined from then
net lateral load curve (fig. 7.11) where Fn = [l44(18)9.o6]/looo net

= 23.48 Pnet kips (Pnet is in psi). These data are plotted in figure 7.23

to give the frame lateral design load for use in table 7.10.

The effective height of the loaded area is obtained from one-half the

wall clear height plus the thickness of the roof slab,

h =---- + 31275 = 9.06 ft

f. Computation of Deflection of Frame by Numerical Integration.

(Refer to table 7.10.) The total vertical load P in the second column is

obtained by multiplying the average roof overpressure (fig. 7.12) by

(43.5(18)144J/1000 = 112.8 and adding the dead weight of the roof system.

The (PD)n values are the average axial column loads and are obtained by

dividing the total vertical load by the number of columns. The (PD)n

column is used in the plastic range to obtain the value of (MD)n from the

interaction design equations (par. 7-26c). The value of (MD) n is used to

obtain the maximum resistance at any time by the relation (Rm )n
= [2n(MD)nl/hc = [2(3}(MD)n]/l/.5 = 0. 4 14 (mD)n.

Rn is equal to kxn = 815xn in the elastic range. In the plastic
range R m is the limiting value of R . The expression (Pn Xn)/hc indicates

the decrease in resistance corresponding to the increase in moment result-
ing from the eccentric loading. The basic equation for the numerical inte-

gration in table 7. 10 is
Xn + 1 = MXn (Zt)2 + 2x n _xn (tbl 513

where

2 n - Rn + 7(xn (At

Mn(At) m

(0.02)2 Fn Rn +n (xn P
Mn(/\t)2 1. 54 x -R+K (xn

= 2.6 c n c n

To check the slenderness criteria (par. 4-08) the following equation is

evaluated for each time interval.
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Table 7. 10. Determination of Column Adequacy

P n F +PnX n 0-O292-(D.2.231l-- D).Slenderness
t P. 'PD). I%' a~m' n I FI HniP PF Criterion

(see) (kips) (kips) (kip-ft) (kips) (kip-ft) (kips) (kips) (kips) (kips) (ft) (ft)

0 55 18 316 131 3.8 139.0 0 0 69.5 o.0=O6 0 0.29 0.0o 0.33
o.o2 698 233 275 114 48.1 4o5.o 8.6 0.5 396.9 0.0607 o.01=6 0.25 0.55 0.80
0.o0 998 333 236 98 68.8 371.o 66.7 5.6 309.9 0.0o74 0.0819 0.217 0.786 1.003
0.16 913 304 247 102 63.0 207.0 102.0 12.0 117.0 0.0179 0.2006 0.23 0.72 0.95
0.08 836 279 257 1c6 57.7 150.0 116.0 19.o 13.0 0.0020 0.3372 0.24 0.66 0.90
o.l 769 256 266 110 53.0 58.0 110.0 25.0 -27.0 -0.0041 0.4758 0.24 0.60 0.84
0.12 711 237 273 113 49.0 54.0 113.0 30.0 -29.0 -0.0044 0.6103 0.25 0.56 0.31
o.14 663 221 279 116 45.7 50.0 116.o 34.0 -32.0 -o.o049 o.74o4 0.26 0.52 0.78
0.16 621 207 285 118 42.8 46.0 118.0 37.0 -35.0 -0.o054 0.8656 0.26 0.49 0.75
0.18 584 195 289 12 4-.3 42.0 12o.o 40.0 -38.0 -o.005% 0.9854 0.27 o.46 0.73
0.20 551 184 293 121 38.0 38.0 121.0 42.0 -41.0 -0.0063 1.0994 0.27 o.43 0.70
0.22 523 174 296 123 36.1 34.0 123.0 44.0 -45.0 -0.0069 1.2071 0.27 o.4. 0.68
0.214 496 165 297 123 34.2 30.0 123.0 45.0 -48.0 -0.0073 1-3079 0.27 0.39 0.66
0.26 471 157 298 123 32.5 27.0 123.o 46.o -50.0 -0.0076 1.4014 0.27 0.37 0.64
0.28 14,47 149 299 124 30.8 214.0 124.0 46.0 -54.0 -0.0083 1.14873 0.27 0.35 0.62
0.30 424 141 300 1A 29.2 22.0 124.o 46.o -56.o -o.o086 1.5649 0.28 0-33 o.61
0.32 401 134 301 125 27.7 19.0 125.0 45.0 -61.0 -0.0093 1.633) 0.28 0.32 0.60
0.34 380 127 302 125 26.2 16.0 125.0 44.0 -65.0 -0.o099 1.6936 0.28 0.30 0.58
0.36 359 120 303 125 24.8 14.0 125.0 43.0 -68.0 -0.0104 1.7434 0.28 0.28 0.%6
0.38 337 112 304 126 23.2 12.0 126.0 41.0 -73.0 -0.0112 1.7828 0.26 0.26 0.54
0.40 318 1w6 305 126 21.9 11.0 126.0 40.0 -75.0 -0.0115 1.8110 0.28 0.25 0.53
0.42 297 99 3o6 127 20.5 9.5 127.0 37.0 -80.0 -0.0122 1.8277 0.28 0.23 0.51
o.44 278 92 307 127 19.2 8.0 127.0 35.0 -84.0 -0.0128 1.8323 0.28 0.22 0.50
0.46 _ 11.82411

M [7lO-6 PD K Li- 1 (eq 4.1o)

K' = 0.14, K" = 0.50, L =he = 14.5 ft = 174 in. (tables 4.1 and 4.2)

MD [0.14(174)10.621 + D [0.5(1741
M- 100(l0.195)(o.868)j t15(2.6 )j 1

0.292 + 2.231 D ; 1

The time interval At used in table 7.10 is based on the natural period

T n= 2A = 6.28V2.6/815 = 0.353.

T
t = 0.02< R = 0.035 (Par. 5-08)

c10R 1102 =

The allowable maximum displacement = = 1.5 ft (pars. 6-26
k b15

and 7-24c). The computations in table 7.10 show that the slenderness crir

terion is satisfied because the combined ratio is only very slightly above

1.0 (0.3%). The computed maximum displacement = 1.56 ft, thus

a = 1.56 ( ) = 12.5; OK.

1.5
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7-27 FOUNDATION DESIGN. a. General. The foundation of this building is

designed by both of the methods described in paragraph 6-31 primarily to

illustrate the procedures.

The first design is according T

to the Quasi-Static Foundation Tv-ca -

Design Procedure in paragraph 2 -- 6. V-6"

6-31c, and the second is ac- -ll _4 .__ r
SSymmetrical I "- III n--fE

cording to the Dynamic Founda- About t A C D E F G

tion Design Procedure in para- 9.

graph 6-31d. A preliminary 40*-," U

plan of one bay of the founda- 43'-6"

45'- 1"

tion is presented by figure

7--C4. Figure 7.24. Preliminary foundation plan for one bay

b. Loads. The first

requirement of the quasi-static analysis is a tabulation of all the lateral

and vertical loads on the foundation. Because each numerical integration

PO PD PO performed previously is based

on a separate value of At, it

"is necessary to plot curves of
(-) _ ( the variation of each of the

8) Z (M 18V 2 , forces with time. The loca-

tions of the forces on the

foundation are shown by the sketch on the left. The vertical loads in-

clude the column and footing blast loads and the dead load of the entire

structure.

Figure 7.25 is a curve showing the time variation of the total column

(blast plus static) load Pn = 3(PD)n obtained from data in table 7.10.

Figure 7.26 is a curve of the time variation of the blast load on the pro-

jecting front footing. The front wall footing is estimated at 2 ft 6 in.

for the preliminary analysis so that the projecting area is (2.5 - L 0.5

= 0.79 ft. The vertical blast load on the footing is obtained by multiply-

ing the projecting area by the front face overpressure (fig. 7.9) thus

obtaining

0 0.79(18 )Pfront (144/1000) = 2 . 0 5Pfront
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Figure 7.27 is the total vertical load curve obtained by adding the

ordinates of figures 7.25 and 7.26. The blast load on the rear footing is

neglected herein.

1200
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The lateral loads include the shear in the columns and the front and

rear wall slab reactions at the vall footings. The rear vall slab reactions

are obtained in table 7.11 by a numerical integration using the rear wall

overpressure data in figure 7.10 and the following data from paragraph 7-21g.

P = 2.52 Pback

Ye = 0.0344 ft

Yep = 0.090 ft

k -= 793 kips/ft

kep = 329 kips/ft

R = 45.6 kips

At = 0.005 sec
yn(At)2 = 4.29(10-4)(Pn - Rn) ft, elastic range

Yyn(At)2 = 4.29(10-4)(Pn - Rn) ft, elasto-plastic range

Yn(At)2 = 5.07(0-4 )(Pn - Rn) ft, elasto-plastic range

Yn(At)2 = 5.07(10 4)(Pn - Rn) ft, lastplastic range

Table 7.11. Determination of Dynamic Reactions for Back Wall Slab

t Pn Rn Pn - Rn 2 Yn Vln V2n
(sec) (kips) (kips) (kips) y(At) (ft) (kips) (kips)

0.030 0.216 0 0.216 0.000093 0 0.0 0.0
0.035 1.210 0.073 1.137 0.000488 0.000093 0.2 0.3
0.040 2.520 0.534 1.986 0.000852 0.000674 0.4 0.7
0.045 3.654 1.671 1.983 0.000851 0.002107 0.9 1.4
0.050 4.788 3.482 1.3o6 O.0056o O. 004391 1.5 2.4
0.055 6.048 5.737 0.311 0.000133 0.007235 2.2 3.6
0.060 7.207 8.098 -0.891 -0.000382 0.010212 3.0 4.9
0.o65 8.392 10.156 -1.764 -0.000757 0.012807 3.6 6.0
0.070 9.576 11.613 -2.037 -0.000874 0.014645 4.2 6.8
0.075 10.786 12.378 -1.592 -0.000683 0.015609 4.5 7.4
0.08o 12.096 12.6Ol -0.505 -0.000217 0.015890 4.7 7.7
0.085 )3.3o6 12.652 +0.654 +0.000281 0.015954 4.9 8.0
0.090 iL .440 12.925 +1.515 +0.000650 0.016299 5.1 8.3
0.095 15.624 13.714 +1.910 +0.000819 0.017294 5.4 8.9
o0.100 15.498 15.-153 +0.345 +0.000148 0.019108 5.8 9-5
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Figure 7.28 is a plot of 18(~V 2fl - 2&) whr2nnadV are, respectively,

the front and rear wall slab footing reactions from tables 7.2 and 7.11.

After t = 0.07 sec. the curve is obtained from the net'lateral load curve

(fig. 7.11):

144 18ý 7-5 P = 22.6p kips (-P is in psi)
1000(2)Y net - net net

where 17.5 is the wall clear height.

The time variation of the column shear is plotted in figure 7.29

using data from -table 7.10.
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Try column footings, 3 ft 6 in. square, area = 12.25 sq ft.

The size of the vall footing is determined by using the maximum value

of blast load on the footing projection and adding to it the dead load of

vai• and overburden.

Dead load of exterior vail and footing: (assume vall height = 18.0,

footing width and depth = 2.5 ft, neglect overburden)

Wall = (2)(150/l000)(11/12)18(18.0) = 89.0 kips

Footing = (2)(150/1000)(2.5)2.5(18.0) = 33.8 kips

Total vail dead load = 89.0 + 33.8 - 122.8 kips

Maximum value of blast load = 54 kips (fig. 7.26)

total exterior vall load
Theoretical width = length (allovable bearing capacity)

Width = (122.8 + 24 = 0.164 ft2(18)30

This value is too small for practical purposes, hence an arbitrary

width of 2 ft 6 in. will be used for subsequent analyses.

d. Preliminary Depth of Foundation. The time variation of the un-

balanced load is obtained in table 7.12 by subtracting the available

Table 7.12. Detenmination of Unbalanced Lateral Load

(3) Q() _ _ _ _

Time Lateral Load Vertical Load Total Vertical Friction Unbalanced Lateral
Load Load

(see) (kips) (kips) (ips) (kips) (kips)

fig.7.30 fig. 7.27 (i)+163.6 0.5 (® @ - 0~

0 218 105 268 134 84
0.005 243 270 433 217 26
0.010 288 440 603 302 None
0.015 420 600 763 382
0.020 414 730 893 447
0.030 403 905 1068 534
0.04o 397 1020 1183 592
0.050 397 971 1134 567
0.060 355 930 1093 547
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frictional force from the total lateral load. The lateral load causing

sliding is obtained from figure 7.30. The frictional resistance to sliding

is obtained by multiplying the total vertical load by the coefficient of

friction, g, = 0.50 (par. 7-18). The total vertical load at any time is ob-

tained by adding the dead load of the total structure to the vertical loads

in figure 7.27.

Columns = 3.35 kips (par. 7-23)

Column strap footings = 2.5(2.5)40(0.15) = 37.5 kips

Total dead load = 122.8 + 3.35 + 37.5 = 163.6 kips

The unbalanced lateral load is then the total lateral load minus the fric-

tional resistance to sliding. The maximum value of this unbalance is

84 kips.

The procedure recommended in paragraph 6 -31c requires that the depth

of footing be that necessary to develop sufficient passive pressure resist-

ance to equal twice the unbalanced lateral load at any time. The effect of

the blast pressures acting on the surface of the ground at the back of the

* building should be included in determining the passive pressure resistance.

In this example the back wall loading does not begin until 0.030 sec (table

7.11) and there is no unbalanced lateral load after t = 0.005 sec (table

7.12).

The required depth of footing is determined by:

Y'? (eq 4.58)FP =K11 2

where

F = normal component of total passive resistance

= 2(maximum unbalance) = 2(84) = 168 kips

The resistance to lateral motion is provided by the lesser of: (1)

combined passive pressure resistances of front and back footings or (2)

frictional resistance of earth between footings plus passive pressure re-

sistance of back footing.

Considering case (1) first, 1' o 6-

the length of back wall capable of ."9

resisting passive pressure is 18 ft.

The effective height of soil is HB. Front Wall Bock Woll
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The length of front wall capable of resisting passive pressure is
(18 - 2.5) = 15.5 ft. The effective height of soil is (HB) - (1.5 ft) +

(increase for height of concrete floor) = HB - 1.5 + (150 - i00) (0.5)

=B - 1.25 ft.

F = front wall resistance + back wall resistance

(HB - 1.25)2
168 = 15.5(10)0.100 2 + 18(10) 2

RB = 3.68 ft (compare available RB - 4.31)
On this basis, the back footing is capable of providing a passive re-

sistance equal to

18p (HB)2 18(10)0.100(3.68)2 = 121 kips18• 2 2

The potential frictional resistance of soil between footings equals

PW = P(Y)15.5(0 - 1.25)41.7 - 0.50(0.100)15.5(2.43)41.7 = 78 kips

78 + 121 = 199 > 168., case (2) is OK.

e. Overturning Moment. The sketch below indirates the position of

loads considered in the

22.1 - 22.1 overturning cc' "tations.

In table j, the

P @ MW@,, P, time variation of the over-
,M . M n" n" turning moment on the struc-

2.j 3 31 ture is determined. The

__ _I1t IL .wall reaction overturning

moment is obtained by multiplying the net wall reaction from figure 7.28

by 2.50 ft.

The wall support moments M are obtained from data in tables 7.2
wall

and 7.11. In the elastic range Mwall = (RnL)/ 8 , for one bay Mwall
= [(18)/8](17.5)rn = 3 9 . 3 Rn. In the elasto-plastic and plastic ranges

Mwall = 18(59.5) = 1070 kip-ft. The column base moments are obtained by

multiplying the column moments (fig. 7.31) by the number of columns in one
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Table 7.13. Determination of Overturning Moment

0 ® Q G 0 0 ® 0 0 ©
Wa11 Front

Net Colm Reaction Wall Back Wall Column Blast lad Blast Load Net Footing Net
ad W1l Overturning Support Support Base on Front Foot- on Back Foot- Projection Overttuniag

Time Reaction moment Moment moment Moments o ing Projection ing Projection Memnts moment
(see) (kips) (ft-kips) (ft-kip.) (rt-kips) (rt-kips) (rt-kips) (kips) (kips) (ft-kips) (ft-kips)

Ref fig. 7.30 @ 2.50 table 7.2 table 7.11 fig. 7.31 [3 - 6] fig. 7.26 fig. 7.32 22.1 10 091 [i - 01
o 218 545 0 0 0 545 52 0 1175 -630

0.005 240 600 425 0 4 1029 48 0 1085 -56
0.010 285 712 1070 0 15 1797 43 0 971 826

o0.015 420 1050 1070 0 30 2150 39 0 883 1267
0.020 1415 1038 1070 0 60 2168 34 0 770 1398
0.025 410 1025 1070 0 120 2215 30 0 680 1535
0.030 1400 1000 1070 0 187 2257 26 0 589 1668
0.035 400 1000 1070 2.6 300 2373 24 1.0 520 1853
0.040 395 988 1070 21.0 48o 2559 23 2.1 472 2087
0.0145 395 988 1070 65.0 585 2708 22 2.9 431 2277
0.050 395 988 1070 136.0 651 2845 21 3-9 386 2459
0.055 380 950 944 225.0 705 2824 21 4.9 362 2462
0.060 355 888 583 317.0 7141 2529 362 2167

bay. The footing projection righting moment is obtained by nultiplying the

blast load on front footing projection from figure 7.26 by 22.1 ft. The

back footing overturning moment is obtained by multiplying the blast load

on back footing projection from figure 7.32 by 22.1. The vertical blast

load on the rear footing (fig. 7.32) is obtained by multiplying the pro-

jecting footing area by the rear face overpressure (fig. 7.10) obtaining

0.79(18)P - = 2.05P
back 1000 back

The overturning moment due to the passive pressure is neglected

conservatively.

f. Combined Axial Load and Overturning Moment. From the equation

for combined stresses it is possible to write

P Mc
Ultimate bearing capacity = - + -

A I

From which by substitution is obtained

30= P +M(22.54)
30 - 197.5 55,290

P = 5929 - 0.0806M

where

Ultimate bearing capacity = 30 kips/ft2 (par. 7-18)

P = total vertical ?oad on one bay of foundation

A = total area of one bay of foundation = 197.5 ft2
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M = total overturning moment on foundation

c = distance to extreme point on foundation from center

I = moment of inertia of foundation = 55,290 ft 4

Introducing the P and M data from table 7.13 into the equation

for P (above) shows that the soil pressures and the preliminary sizes of

the foundation elements are satisfactory.

g. Design of Foundation Members. In a complete design study it would

be necessary to determine stresses at various times in order to determine

the critical condition. To illustrate the procedure it is sufficient to

compute stresses at only one time.

The column strap footing is designed for the stress conditions at

t = 0.055 sec. One bay of the foundation 18 ft wide centered on a column

strap footing is considered (fig. 7.33).

P 1113 = 5.63 ksf
(tables 7.12 and 7.13)

Mc : 2462(22.54) : 1.00 ksf
.I 55,290

-, -- 2.54' 2.54' --. -

- -- 1.26' 1.26'--1
DAY-0.0 313 k. 0.4d'-

313 k- 20.0' 20.0' - 313k
6i.4 Itk-9 kf -61.4k
21.0k, h .. . .. .. .O94 /t.. . - . - -. 4.9k

12.05 13.88 8 14.28 16.10
16.87 19.42 19.98 22.54

3.' .16.59 (k f)22.82 °
2.5 ,,79' 3.', 17 2.5' (/,

, i 16.5' -1 A- 16.5 , t1_

5.631.0 ,oL 5.63+1.00 .-o85.32

-4.63 ks6 83.34

22.54' 4 22.54' 117,36- ,

a. Soil Pressure Diagram b. Vertical Forces 119.34

Figure 7.33. Vertical forces and soil pressure on foundation

The soil pressure variation is shown in figure 7.33a. The soil pressure

multiplied by the footing width gives the soil load per foot (fig. 7.33b).
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In figures 7.33 and 7.34 all the forces and moments acting on the

foundation at time t = 0.055 sec are shown. They are as follows:

Front wall = rear wall = 122.8/2 = 61.4 kips (par. 7-27c)

Column strap footing = 37.5/40 = 0.94 kip-ft (par. 7-27d)

Front footing blast load = 21.0 kips (table 7.13)

Rear footing blast load = 4.9 kips (fig. 7.32)

Column load (3-35 + 936)/3 = 313 kips (table 7.10)(fig. 7.12)

Moment at base of front wall = 944 kip-ft (table 7.13)

Moment at base of rear wall = 225 kip-ft (table 7.13)

Shear at base of front wall = 18V2n = 18(22.9) = 413 kips (table 7.2)

Friction at base of footing = 557 kips (table 7.12)

1. 28 1.28' The moments at the base of
1.26' 20.0' 200' 1. 26 the front and rear walls are as-

944kpft I V' . 235ki. , 235 kip-ft 225kip-ft

413 It •f...- 65k sumed to be transmitted to the

1.25, column strap footing. This is a

a. Applied Moments and Lateral Shears conservative procedure for the

strap footing since the fixity.,79' 3.5'1. 7 '
2.' 16.5' 1.5. , . -2.5- at the base of the wall must be

3. provided continuously along the
52.7-. wall.

The friction force is as-

sumed to be distributed along
I4 ,12.3, . 14.17 the base proportionally to the

L total vertical soil load. For
i example between points A and B

b. Moment (kip-ft/ft) about Centerline of

Footing Due to Soil FrictionW = 83.34 + 85.32 (2.5)

Figure 7.34. Applied moments and shears = 210.8 kips

Friction = 0 (557) = 105.4 kips (table 7.12)

The critical sections are considered below.

Shear Point E

E loads down - Z loads up (fig. 7.33b)

1I5 = 4•9 + 61.4 + 313 + 18.29(0.94) - (119•34 + 117.36) 2.5 +1. 2.

22.82 + 22.54 l.f9 + 16.10 + 14.28•
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15 = 396.5 - 587.1 = -190.6 kips

v = -19o.6(1.5) = -286 kips

Shear Point G

1 (4.9 + 614) - (117.36 + 119.34)

V
1.5= 66.3 - 295.9 = -229.6 kips

V = 1.5(-229.6) = -344 kips

Moment Point C (figs. 7.33 and 7.34)

A 94 + 413(1.25) + 235 + 32(l.25) + 52.7(2.5) +
1.5 =94+3(.5 2725

(8334 + 85.32) 2.5 (2)-5-21(2.14) - 61.4(1.28)

M

.5 = 2007

M = 3010 kip-ft

Moment Point E (figs. 7.33 and 7.34)

5 -225 - 65(1.25) + 235 + 32(l.25) + 73.9(2.5) +

14.17(1.79) + 9.49(16.5) + 4.9(20.39) + 61.4(19.53) +

313(18.25) + o.94(18.29)(9.14) - (17.36 + 119.34) (2.5)(19-54)-

(22.82 + 22.54) (1.79)(17.39) - (14.28 + 16.1o) (16.5)(8.25)

M

.5 1051

M = 1577 kip-ft

The footing strap is checked to determine if the sizes originally as-

sumed can be reinforced sufficiently. The sections are checked for bending

moment capacity by equation 4.16 with the values of fdy and fdc replaced by

f and f'c' respectively, because the loads are considereq to be applied
y c

statically.

Section at Point E - b = 2.5 ft, assume d = 30 in.

p Pbdfyd (1.-;f (eq 4.16)

For p = 0.02

Mp 0.02(2.5)30(40)30 [1 - m.(3.0)J = 1520 kip-ft
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Mp = 1520 kip-ft o 1577 kip-ft; OK

Shear at this location = 286 kips
8V

Shear stress = v = 2 (eq 4.23)

V=8(286)100ooo 3 sv=~7(30)30 -363 psi

For no web reinforcement, allowable v 0.04f' + 5000p (eq 4 .24a)

= o.o4(3000) + (5000)0.02

= 120 + 100 = 220 psi

Stirrups are supplied to provide (363 - 220 = 143 psi) additional re-

quired shear strength.

rfy = 143 (eq 4.24)y

r 143 = 0.0036.•,000

A A
b-s = 30(12) - 0.0036

A = 1.29 sq in./ft

Section at Point C - b = 3.5 ft, assume d = 30 in.

Mp = pbdf d - 1.7f' (eq 4.16)

For p = 0.03

= 0.03(3.5)30(40)30 01 -. 3(4o11-1.7(3.0)]

S= 2900 kip-ft f 3010 kip-ft; OK

Maximum shear occurs at point G. This location has same cross sec-
tion as point C. For reversal of load on structure maximum shear would oc-

cur at point C (V = 344 kips).
8v

Shear stress = v = 8V (eq 4.23)

v = 7(42300 = 312 psi

If no shear reinforcement is used, the allowable v = 0.04ft +
c

5000P (eq 4.24b).

v = 0.04(3000) + 5000(0.03) = 120 + 150 = 270 psi
Shear reinforcement equal to (312 - 270 = 42 psi) is provided.

r = 3 0,000925
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Av = rbs = 0.000925(42)12 = 0.47 sq in./ft

Since the critical sections are capable of resisting moments and

shears, the entire foundation footing strap could be reinforced in propor-

tion to moments and shears. The wall footings need only nominal reinforce-

ment since dimensions selected are much larger than necessary for calcu-

lated soil pressure.

h. Dynamic Foundation

Design. The dynamic design - 200"

procedure (par. 6-31c) usually

results in a more economical --- o

design than the quasi-static

procedure because the dynamic Typicl Sa ý -"'

effects are computed rather IC -D

than conservatively estimated. A 8 CBD

The results of the

quasi-static design, with ... certain modifications illus- -223-6"

trated in figure 7.35, will be
45'-O"

used-ýas a preliminary design

in the dynamic design proce- Figure 7.35. Plan of foundation

dure. In this design the

wall footings are piaced eccentrically to assist in resisting overturning

most effectively.

Using the principles presented in paragraph 6.31e for the sliding and

overturning analysis, the horizontal acceleration Yo and the angular ac-

celeration a about the longitudinal axis through the bottom of the footin@p

are determined. The corresponding horizontal displacement x0 and the angu-

lar displacement e are determined as a function of time by means of a

concurrent numerical integration of equations (6.94) and (6.95).

= o -o2 (eq 6.94)

F
•o =-T - ay (eq 6 .95)
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i. Polar Moment of '

Inertia I0. In table 7.14 .. . 0'

the polar moment of inertia

of the total structure is

obtained about point "0." WO'

The location of each ele- 20-32

ment in the x and y di- I '

rections is indicated in 11.42' L 9 0.5'

figure 7.36. The total mo- 4.4 27
-- •____•2.67'

ment of inertia is the sum, X- L " -X

for all elements, of the
Ymoments of inertia of each

21.5'
element about its own axis

and the moment of inertia Figure 7.36. Hlalf cross section of building

of each element about the

axis through point "0." The- inertial effect of the soil between the front

and rear footings is conservatively neglected. From table 7.14

- DW 72.21
Y = m =-- =877 8.83 ft

1+0 =I + = 1144 + 2304 = 3448 kip-sec2 /ftI=Ixx yy

J. Ground Foundation Interaction. The rotation of the structure

under the blast loads develops a resisting moment of the vertical soil

pressures against the footings. The magnitude of this moment reaction

which tends to resist the overturning of the structure is given by Me = Be

where

B = naE (L) 2 b (eq 4.59)
4(1 - v2 )

To apply this formula to a specific structure the ratio Inet/Igross

must be determined, ,dhere Inet is the moment of inertia of the actual foot-

ing area and Igross is the moment of inertia of a solid rectangular area

extending over the entire extent of the footings, both quantities being

evaluated about the longitudinal axis of rotation (par. 4-15d). The net

overturning resistance of the soil is given by the product of equation
(4.59) and the ratio I net/Igross
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Inet (1/l2)bd 3 - (1/12)b 1 d1
3  b1 d1

3

Igross (1/12)bd 3  1 bd3

where, from figure 7.35,

b = 18.0 ft

d = 45.0 ft

b 1 = 18.0 - 2.5 = 15.5 ft

dI= 45.0 - 2(2.0) = 41.o ft

L = d/2 = 45/2 = 22.5 ft
TInet- 15.5(41.0o)3'nt = 1 - 0.8

-gross 18.0(45. 0)3

For an 18-ft typical bay

2 )
gross 4( n(40)(12) (22.5) 18 = 46.11(o) 6 kip-ft/radiangross 4(1 - 0.3332)

Bnet = (0.348)Bgross = (0.348)46.1(10)6 = 16.1(10)6 kip-ft/radian

k. Dynamic Analysis. The dynamic rigid body sliding and overturning

analysis is performed in table 7.15. A simultaneous numerical integration

is performed to obtain the time history of the rigid body rotation e and

the rigid body translation x 0  The acceleration impulse extrapolation

method (eq 5.49) is used for the dynamic analysis in the form

()n + 1 = 2(0)n - (W)n - 1 + (a)n(At) 2

(xo)n + 1 = 2(x0)n (Xo)n - 1 + (3)n(At)2

where (Fo)n
(Xo)n = m (F o)n (eq 6.95)

While the structure is sliding

(M )n - (Fo)J (eq 6.94)

I -my

where

(M )n = moment of all external forces about axis of rotation "0"
at time n .

(F0 )n = summation of all external horizontal forces applied to the
structure at time n 6

I | | || mmmm mR ~m•ms m mmu mm96
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Wlbile the structure is not sliding

(a)n = I (eq 6.96)
0

In table 7.15, M' is the summation of external moments about the
0

point of rotation excluding horizontal footing projection moments. The

blast loads on front and back footing projections are obtained by multiplying

pressure values from figures 7.9 and 7.10, respectively, by

9/12(144P(18)/lOOO] = 1.95P.

The lateral passive soil pressurq force F is considered to vary

linearly with displacement from zero to a peak value at x = 0.04B

= m4(4.48) = o.179 ft.

From paragraph 7-27 the maximum available force is Fp = 181 + 102

= 283 kips, where passive pressure on rear face gives [18(lo)(O.1)(4.48)2]/2

= 181 and friction between wall footings gives 0.5(0.1)15.5(4.48 - 1.25)41

= 102. Thus at any displacement x , the passive force is Fp = (283/0.179)x

= 1580x. This is the value with no pressure on the soil at the rear of the

building. If there is blast pressure on the soil at the rear, the passive

force increases. The additional passive force can be determined from the
surcharge equivalent of the overpressure, thus ZFp = K (blast load) 4.48

back(18)4.48/l00 = ll6-Pb . In table 7.15 the lateral motion
=1:10(144 )? (8)141/ back
ceases before the blast wave begins to load the soil at the rear of the

building and the passive force is considered to remain at a constant value.

The effect of the pressure on the soil is then considered as an ac-

tive soil pressure force equal to one-fourth the passive force, or

back 2
4 = 9Pback

The centroid of Fp is at ypl = 4.48/3 = 1.49 ft above the base of the foot-

ing, and the centroAd of the blast pressure induced force is at Ya = Yp2

= 4.48/2 = 2.24 ft above the base of the footing.

The vertical load is obtained by adding the dead load of the walls,

foundation, and columns to the tabulated values of Pn and the blast loads

on front and back footing projections. The partial dead load obtained from

table 7.14 is:
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Front wall 43.5
Back wall 43.5
Colum strap 41.7
Front wall footing 14.4
Back wall footing 14.4

160.9 kips

SIn table 7.15 column 18, when xn + 1 >x n i.e. structure is sliding,

(a) (Mo 0) - (Fo) colm 11 - colum 17

MY 3448 - 8.18(8.83)2

(o = 0.0003559 (column 11 - column 17)

When xn + I < xn, i.e. structure is not sliding,

() = (M)n = column 11 = 0.00029 (column 11)
=c~ 0=00009311)

The results of the numerical analysis in table 7.15 are:

p (1) Mximum rigid-body translation (xo)m = 0.00078 ft,

(2) Mximum rigid-body rotation (eWmax = 0.000258 radians,

(3) Vertical upward motion at the front = 0.000258(45/2) = 0.0058 ft.

These motions are negligible; the next step is to investigate soil

pressures and member sizes.

1. Design of Foundation Members. In a refined analysis it would be

necessary to determine stresses at various times in order to determine the

critical stress condition. However, to illustrate the procedure in this

design, stresses are computed at only one time.

The column strap footing is designed for the stress conditions at

t = 0.060 sec. One bay of the foundation 18 ft wide centered on a column

strap footing is considered.
P GBc

The soil pressure is computed from 1 +T

where

P = total vertical load

A = total area of foundation = 2(2.0)(18) + 2.5(41.0) = 174.5 sq ft

OB = 4158 kip-ft overturning reaction (table 7.15)

c = distance to extreme point on foundation = 45.0/2 = 22.5 ft
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I = moment of inertia of foundation

I = 136,ooo - 89,200 = 46,800 ft 4

P = = 6.27 ksf
table 7.15

6Bc 4158(P.5) = 2.00 ksf
I = 46,800

2 .0 0.5' 2.4'

4 SI-- t0 80 8-I • 4

*4.27 ksfI1 FV T f
O•06,27+2.00

2 1 22.5' 12*8.7 -kst

a. Soil Pressure Diagram

304k- LOO 20.0 20.0' .00' 304k

77.0 - (k/ft)

• ~145.8- -"'-149.0

b. Vertical Forces

Figure 7.37. Vertical forces and soil pressure on foundation

The soil pressure multiplied by the footing width gives the soil load

per foot. In figures 7.37 and 7.38 all the forces and moments acting on

the foundation at time t = 0.050 sec are shown. They are as follows:

Front wall = back wall = 43.47 kips (table 7.14)

Wall footing = 14.42 kips (table 7.14)

Column strap footing = 41.66/41.0 = 1.02 kips/ft (table 7.14)

Front footing blast load = 19 kips (table 7.15)

Back footing blast load = 6.0 kips (table 7.15)
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1.211 (1.2" 20,0' 1.29 1. 1

i4k * 4

"34k 3 P0.95k

SF583k-ft 317 k-ft 49'

r -F'S - I.
5 8k"--

a. Applied Moments and Lateral Shears

I ~98.5/

'5 2 .5 
12 ~ "8 41. 2.0+.0

b. Moment (kip- ft/ft) about Centerline of
Footing Oue to Soil Friction

Figure 7.38. Applied moments and shears and moment due to friction

Column load =(3.35+910)/3= 304 kips (table 7.15)

Moment at base of front wall = 583 kip-ft (table 7.13)

Moment at base of back wall = 317 kip-ft (table 7.13)

Shear at base of front wall = 18V2n = 18(18.9) = 340 kips (table 7.2)

2nShear at base of back wall = 18V• = 18(4.9) = 88 Uips (table 7.11)

Friction at base of footing = 548 kips (table 7.15)

Column shear = 102/3 = 34 kips (fig. 7.29)

Column base moments = 741/3 = 247 kUp-ft (table 7.13)

The moments at the base of the front and back walls are assumed to be

transmitted to the column strap footing. This is a conservative procedure

for the strap footing since the fixity at the base of the wall must be pro-

vided continuously along the wall.

The friction force is assumed to be distributed along the base in

proportion to the total vertical soil pressure. For example, between points

A and B

W = 77.o + 80.2 (2.0) = 157.2 kips
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Friction = 157.2 (548) = 78.8 kips

In figure 7.38b the moment about the centerline of footing due to

soil friction is equal to 2.67/2 (friction force per foot). Thus between

A and B the moment equals 78.8/2 x 2.67/2 = 52.5 kip-ft/ft. The critical

sections are considered below.

Shear Point C

V = Eloads down - Z loads up (fig. 7.37b)

v = [6.0 + 14.4 + 43.5 + 304 + 20.5(1.02)] -

[149.0 + 145.8 (2.0) + 15.6 + 20.2 (20.5)]

V = (388.8 - 661.8) = -273 kips

Shear Point D

v = [6.o + 14.4 + 43.5) - 149.0 + 145.8 (2.0)
2

= 63.9 - 294.8 = -230.9 kips

Moment Point B'

M = 583 + 340(1.34) + 247 + 34(1.34) + 52.5(2.0) + 8.9(0.5) +

77.0 + 8o.2 (2.0)(1.5) + 11.1(0.5)0.25 - 19.0(2.12) - 14.4(1.5) -

2

43.5(1.29)

M = 1559.8 kip-ft

Moment Point C

M = 583 + 340(1.34) + 247 + 34(1.34) + 247 + 34(1.34) + 52.5(2.0) +

8.9(20.5) + 77.0 + 80.2 (2O)215 + 11.1 + 15.6 (20.5) ( 20.5
2 2 2

19(22.12) - 14.4(21.5) - 43.5(21.29) - 304(20.0) -

1.02(20.5) (05

M = 145.8 kip-ft

An approximate check is made to determine if the sizes assumed can

be reinforced sufficiently. The bending moment capacity of the footing

strap is based on equation (4.16) with fdy and f' replaced by f and f',dy dc y c'

respectively, because the soil pressure loads are considered as static

loads.
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Section at Point B' b = 2.5 ft, assume d = 30 in.

Mp= pbd f yd kl 1 - 7f, (eq 4.16)

For p = 0.020

Mp= 0.020(2.5)30(40)30 [i 0 01.7030)]

S= 1518 kip-ft, 1518 . 1560 ft-kips; OK. section can be reinforced

Shear is investigated at point D. The cross section is the same as

at point B. If the initial blast load is from the opposite direction the

maximum shear occurs at point B(V = 231 kips)

Shear stress = v = - (eq 4.23)
'V~~~ ~ = (.1)2323)s

7(30)30 293 psi

If no web reinforcement is used the

allowable v = 0.04f' + 5000p (eq 4.24b)

- o.04(3000) + 5000(0.020) = 220 psi, 220 < 293 psi; ." stirrups are

needed to supply 293 - 220 = 73 psi

r = = 0.00183

A = rbs = 0.00183(30)12 = 0.659 sq in./ftV

Section at Point C b = 2.5 ft, assume d = 30 in.

Mp = pbd fyd 1.7fc# (eq 4.16)

For minimum steel, p = 0.006 (par. 4.10a)

Mp = 0.006(2.5)30(40)30 [1 - (40

Mp = 514.6 kip-ft

514.6 > 145.8 kip-ft; OK

Shear at this location = 273 kips
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Shear stress v = 73030 = 347 psi
7(30)30

Allowable v = O.04f' + 5000p (eq 4 .24a)
C

S0.04000) + 5000(0.006) = 150 psi

Stirrups must be provided to supply (347 - 150 = 197 psI) sufficient

web reinforcement.

r = 197/40,000 = 0.00493
AV = rbs = 0.00493(30)12 = 1.77 sq in./ft

Since the footing strap is of constant cross section in this example,

other locations of the strap can be reinforced sufficiently. In this par-
ticular design the earth passive pressure effect could have been neglected,

since a much greater resistance to sliding was supplied by the frictional

effect of the soil. In general, however, the passive pressure effect

should not be neglected because in certain cases the principal resistance

to sliding is supplied by the passive pressure.

The results of the dynamic analysis indicate the development of a
maximum soil pressure which is much lower than the permissible value and
the requirement of relatively high percentage of reinforcement in ine

column strap footing. Because of these, another cycle of design for further

refinement might include a reduction in plan area of all foundation members

and an increased depth of column strap footing. In addition, the depth of

foundation below ground surface could be reduced, if need be, because little

use is made of the potential passive pressure.

NUMERICAL EXAMPLE, DESIGN OF A ONE-STORY STEEL
FRAME BUILDIIG - ElASTIC BEHAVIOR

7-28 GENERAL. This numerical example presents an elastic design of a

typical bay of a windowless one-story, steel, rigid-frame building with re-

inforced concrete walls and roof. Included is the design of a typical wall

slab, roof slab, girder, and column of the building (fig. 7.39).
One-way reinforced concrete slabs are used for both the wall and

roof deck. The roof slab is supported by structural steel purlins. The

girders and columns of the frame are structural steel sections joined by

lO4
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welding to provide moment-resisting connections.

No foundation design is presented. Reference is made to paragraph

7-27 for an illustration of this design procedure.

54!- 0"
I,,,

11,-6"J 5 - "- 16 -0 J'l' .... uJ l [In .. .. . . .1V1t i

,-6 66'-0" R 16'-0" 16'-0" -

Cross 'Section

18 dj, 8 % 0"_+18'- 0". 8+" O"a..-8 O", J,18" 0 "L

20 --

-o / I , I ,i 4I
-•I I I I I I I

- -- T-- -- x- - -- x-- - -I-x- -I

Port Plan

Figure 7.39. Plan and section of building

7-29 DESIGMN POCEURE. Thae steps in the design procedure are as follows:

Step 1. Estimate the sizes of all structural elements which deter-

mine the over-all dimensions of the building.

Step 2. Compute and plot the time relationship for the incident

overpressure, the front face overpressure, the rear face overpressure, the

net lateral overpressure, and the average roof overpressure in accordance

with EM 1110-345-413 procedures.

Step 3. Design the wall slab using the procedure of paragraph 6-12

and an idealized triangular load vs time curve derived from the front face

overpressure vs time curve. Check the design using the actual time varia-

tion of front face overpressure in a numerical integration. From this

analysis obtain the dynamic reaction on the roof slab.
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Step 4. Follow the same procedure as for step 3 for the roof slab
and the purlin design. In both preliminary designs the incident over-

pressure is idealized by a triangular load-time curve. The numerical in-
tegration check of the preliminary roof slab is performed using the inci-

dent overpressure curve. The numerical integration check of the purlin

is based on the dynamic reactions from the slab giving due consideration

to the effect of blast wave direction on the purlin loads.

Step 5. Make a preliminary design of the column assuming the girders
to be infinitely rigid and neglecting the effect of axial load on the

column. As in all other preliminary designs, an idealized load-time curve

is used. This load is obtained from the net lateral overpressure-time curve.

Step 6. Design the girder using an idealized load derived from the
purlin dynamic reactions and check by a numerical integration using the

purlin dynamic reactions directly.

Step 7. Check the column design by a numerical integration consider-

ing the relative flexibility of the column and girder and the effect of

axial load on the column. For the load use the dynamic reactions from the

wall slab.

7-30 IOAD DETERMINATION. The computation of loads is explained in

EM 1110-345-413 and illustrated again in paragraph 7-19 for a one-story

building. In this example the necessary load curves are presented without

any explanation or computation. The design overpressure of 10 psi is

selected arbitrarily for this example.

The overpressure vs time curves that are presented are:

(1) Incident overpressure vs time (fig. 7.40)

(2) Front face overpressure vs time (fig. 7.41)

(3) Rear face overpressure vs time (fig. 7.42)

(4) Net lateral overpressure vs time (fig. 7.43)

(5) Average roof overpressure vs time (fig. 7.44)

0
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7-31 DESIGN OF WALL SLAB. The wall slab is designed as a simple beam, one

foot in width, spanning vertically between the foundation and the roof

slab. The slab is designed so that a plastic hinge will be developed at

midspan when the slab is subjected to the design loading. This strain con-

dition is considered to be the limit of the elastic range for purposes of

this manual.

The preliminary elastic design pro-

* cedure is outlined and then illustrated by
* an example in paragraph 6-12. The dead

load stresses are neglected for a vertical

I1.67' L.,167' wall. The slab thickness is selected so

as to illustrate a procedure for designing

slabs which are critical for shear stress.

'To reduce the shear stress a thicker slab

might be used.
The design span length is equal to

the clear height of the wall between foundation and roof.

a. Design Loading. The design load as idealized from the computed
loading shown by figure 7.41 is defined by:

25.3(11.67)(144)

B = 25.3 psi 1000O

= 42.6 kips

T = 0.046 see Time (sec)T004 e

b. Elastic Range Dynamic Design Factors. (Refer to table 6.1. )

r• = o. 64, I'M 0. 50., KM = o. 78

am_

B =. pi 384EI PV = O.39R + 0.1P

M L 50

c. First Trial - Actual Properties.

Assume D.L.F. =1.7 (experience)

RM = D.L.F.(B) =1.7(42.6) = 72.5 kips (par. 6-11)
Assume p = 0.015

1 12

• l nm • nuL u mu u mnm•m unnmm
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_ o~o5(52)1)a2 i o~o5(2)1
= 0.015(52)()d 2  0.( )= 0688d2 kip-ft (d in inches)

S'P (8)o.688 2
Rm = (8-0= 1.688 = 72.5, .'. d = 12.4 in.

Try h = 14.o in., d = 12.5 in.,

p = 0.015, np = 0.15 No.2 T,

M= 0.688e2 = 0.688(12.5)2 = 107.5 kip-ft

8MP 8(107.5)=
Rm = T = =73-7kips

Ig = bh3/12 = (14.0) 3 = 2740 in. 4

It= bd3 [1 + np(l - k)2] = 12(d) 3 [(0"42)3 + 0.15(1 - 0.42)2]

= 0.9o5d3 = o.9o5(12.5) 3 = 1770 in. 4

Ia = 0.5(Ig + It) = 0.5(2740 + 1770) = 2255 in. 4

k = 384EI = (384)3(103 )2255 = 2270 kips/ft
5L3  5(11.67)3(144)

14 'lso)11.67
Weight = 14(150)1 = 2.04 kips

assm=2.04 =0.0634 kip-sec2 /ftMassm -32.2=

d. First Trial - Equivalent Properties.

ke = KLk = 0.64(2270) = 1450 kips/ft (eq 6.6)

me = Km = 0.50(0.0634) = 0.0317 kip-sec2/ft (eq 6.8)

T = 2A4fk = 6.28o0.0317/1450 = 0.0293 sec (eq 6.14)

e. First Trial - Available Resistance vs Required Resistance.

C T = T/Tn = o.o46/o.o293 = 1.57

D.L.F. = 1.7 (fig. 5.20)

t/T = 0.3 (fig. 5.20)

tm = 0.3(0.046) = 0.0138 sec
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Idealized load is satisfactory replacement for actual load-time

curve up to t = 0.0138 sec (par. 5-13).

Required Rm = D.L.F.(B) = 1.7(42.6) = 72.5 kips

The required Rm < available R ,therefore the selected proportions are

satisfactory as a preliminary design.

f. Preliminary Design for Bond Stress.
At tm = 0.0138 sec, P = (18.5)11.67(144) =

1 1000 - 31.0 kips (fig. 7.41)
V = 0.39Rm + 0.11P = 0.39(72.5) + 0.11(31.0) = 28.3 + 3.4 = 31.7 kips

Allowable u 0.15f' = 0.15(3000) : 450 psi (par. 4-09)

7, -= V 8(31,700 =6.45 in.
o ujd 450(7)12.5

• 4 42

NO. 9,oAllowr Try #9 at 5-1/2 in., A = 2.18 in.

Possible Sheor Reinforcement -o = 7.72 in.

p A 0/bd = 2.18 0145O, np = 0( 145) O.=45s 2(12.57 2-.14,np-

g. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

I = bh 3/12 = (14.0)3 = 2740 in. 4

g

It bd 3  + np(l - k)2]= 12(12.5)3 3(0"41)3 + 0.145(1 - 0.41)2

= 1720 in. 4

Ia = 0.5(ig + It) = 0.5(2740 + 1720) = 2230 in. 4

Weight 14(150)11.67 -
Wg = 12(1O000- 2.04 kips

Mass m 2.04 0 00634 kip-sec2 /ft32.2
~R = 69.6d

d pf Moximum Deflection
MA k I 2250kips/ft

SYU -0,31 fK

= (0"0145)(52)(1)(12.5) 2  [15- 1 . (.2)] • ,.

= 104.5 kip-ft (eq 4.16) DOlection, , (f,)

R 8Mp w8(104.5) - 2.04 Figure 7.45. Resistance func-

8m -L 1eght 11.67 lion for 14-in. slab spanning

= 71.6 - 2.04 = 69.6 kips 11.67 ft as a simple beam

1u4
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k = 384EI = 3)3(0)2230 
= 2250 kips/ft

5L3  5(1.67)314

y, = Re/k 69"6 = 0.031 ft

Table 7.16. Determination of Maximum Deflection and Dynamic Reactions for Front Fall Slab

t P R P - R yn(At2 Vnn n n nn n

(sec) (kips) (kips) (kips) (it) (ft) (kips)

0 42.6 0 21.3 0.00388 0 4.9
0.003 39-5 8.7 30.8 0.00561 0.00388 7-7
0.006 36.6 30.1 6.5 O.00118 0.01337 15.7
0.009 33-7 54.1 -20.4 -0.00371 o.024o4 24.8
0.012 30.8 69.6 -38.8 -0.00834 0.03100* 30.1
0.015 27.8 66.7 -38.9 -0.00834 0.02962 29.0
0.018 25.0 24.8 +0.2 +0.00004• 0.0199 12.4

* (Yn)max = 0.031 ft.

The basic equation for the numerical integration in table 7.16 is

Yn + 1 = Yn(At) + 2yn - Yn i (table 5-3) where

yn(At) 2  (Pn I- Rn)(At)2 (P n0 _ 0- R n)(0003)2 -=.8o-.6-T = 1.818(lO-4,•nV - Rn) ft

The time interval At = 0.003 sec is approximately equal to Tn/10

(par. 5-08). The dynamic reaction equation is given in paragraph 7-31b.

The P values for column 2 are obtained from figure 7.41, multiplying byn

144(11.67)/1000 = 1.68 to obtain load in kips.

The maximum deflection (yn max, computed in table 7.16, is 0.031 ft

which is equal to the allowable Ym of 0.031 ft.

h. Shear Strength and Bond Stress.

V = 30.1 kips (table 7.16)max
For no shear reinforcement

Allowable Vy = 0.o4fcf + 5000p (eq 4.24)

v = 0.04(3000) + 5000(0.0145) = 120 + 72.5 = 192.5 psi

dP 229 psi, therefore shear reinforcement re-v - -7(1-2)(2.75) 29pi

quired for 229 - 192.5 = 37 psi.
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1 V-9" Corner Dowels r = 0.001
Costr, Jt. No. 7 a ," '0,0 = O.O

Try 1 #3, A = 0.11

r. A 0 = 0.001,
2No. 3 Stir. r S /b us

Iat 1l"Along Wall

No. 4 at IT" o. s = 10 in.

1 •No,,, " 8V 8(309100)

No.-9 at 11 .- 7u r = 0 = 7(7.72)12.5

No.4 or.½- . 356 psi; OK

T " No 3tStir. Allowable u = O.15f'
I * at 11l"Along Wall

2oo= 0.15(3000) = 450 psi
- -10"

Constr. Jt. " -5" i. SuiaTDS .

No.7 at I'Dowels 14-in. slab
Note: Wall Steel to hove z Cover Inside P = 0.0145

2"Cover Outside
Foundation Steel Not Shown Eo = 7.72 in.
Roof Slab Steel Not Shown Shear reinforcement #3 ties

at 10-in, alternate bars.

7-32 DESIGN OF ROOF SLAB. The design of the roof slab is similar to the

design of the wall slab in paragraph 7-31 except for the load considera-

tions and the inclusion of dead load stresses.

This roof slab is sup-

ported on purlins spaced at

5 ft 4 in. so as to load the

girder at the third points.

The design load is based on the 5-4"

incident overpressure curve

(fig. 7.4o) which results from
the blast wave moving normal to L - 5.33'

the span direction of the slab.

The load is uniformly distributed along the slab and varying with time.

Adjacent slab elements are loaded progressively; however, the shock wave

speed is such that the entire slab may be considered to be loaded at once.

The slab is continuous over the purlins; however, it is designed as

a single span fixed at both ends according to the procedures of paragraph

7-11. The span length of the beam is the centerline spacing of the purlins.

The design is based on a one-foot width of slab.

116



7-32a E 1110-345-417
15 Jan 58

a. D ~sign loading. The design load as idealized

-~9 8 7.69 kips
from the computed loading shown by figure 7.40 is defined ;

by: S

B = 10 psi = 10(1144)5.33 = 7.69 kips
1000 -7,

T = 0.38 sec T. 0.38 sec
Time ($ec)

b. Elastic Range Dynamic Design Factors. (Refer

to table 6.1.)

K 0.53, KM o. 4 1, K 0.77

R 12M k= 384EI

V = 0.36R + 0.14P1
n n

c. First Trial - Actual Properties.

Assume D.L.F. = 2.0 (experience)

R = D.L.F.(B) = 2.0(7.69) = 15.38 kips (par. 6-11)m

Assume p = 0.015

M = pfdybd 2 (i- .7fc) (eq 4.16)

= 0.015(52)(i)d 2  1 - .015(52) = 0688d2 kip-ft (d in inches)

1 1 (12)0.688d2 15.38, .*. d = 3.14 in.m f 5.33

Try h = 4-1/4 in., d = 3-1/4 in.,

I 4 - p 0.015, np =0.15
No ,mp3= 0.688d2 = 0.688(3.25) : 7.26 kip-ft

1 Cover 124 12(7.26)
R L -L 5.33 16.35 kips

Ig = bh 3 /12 = (4.25)3 = 76.5 in. 4

I bd3  + np(l - k)2] = 12(d) 3 [(0 .2)3 + 0.15(1 - 0.42)2]

0.905d3  0 o.905(3.25)3 = 31.0 in. 4

Ia = 0.5(Ig + It) = 0.5(31.0 + 76.5) = 53.7 in.4

k = 384E_ I (384)3(103)53.7 2840 kips/ft

S (5.33)3144
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Weight = [412~l0 + 6.0] 2,88 0.314 kips

M3ss m == 0.00975 kip-sec2/ft=32.2=

d. First Trial - Equivalent Properties.

ke = KLk = 0.53(2840) = 1505 kips/ft (eq 6.6)

me = V~m = 0.41(0.00975) = 0.004 kip-sec2 /ft (eq 6.8)

Tn = 2.n•e4I = 6.2840.004/1505 = 0.01025 sec (eq 6.14)

e. First Trial - Available Resistance vs Required Resistance.

CT = T/Tn = 0.38/0.01025 = 37.0
D.L.F. = 2.0 (fig. 5.20)

tm/T r0 (fig. 5.20)

t Osecm
Required Rm = D.L.F.(B) = 2.0(7.69) = 15.38 kips

The required Rm s available Rm, therefore the selected proportions are

satisfactory as a preliminary design.

f. Preliminary Design for Bond Stress.

At tm _ 0 P _ (10)144(5.33) = 7.69 kips (fig. 7.40)= 1000

V = 0.36R + O.14P = 0.36(16.35) + 0.14(7.69) = 5.9 + 1.08=6.98 kipsm
Allowable u = 0.15f' = 0.15(3000) = 450 psi (par. 4-09)

v 86 ) = .4 in.o -ud = 50(7)(3.25)=5.
Try #4 at 3-1/2 in., As = 0.69 in. 2, o = 5.4 in.

p = As/bd = o.6 = 0176, np= l0(.0176) = 0.176

g. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

Ig = bh3 /12 = (4.25)3 - 76.5 in. 4

k -4p2 + -np - 0- "4
3k 2] =g•32

It = bd3 [4 + np(l - k) 2 = l(3.25)3 j + 0.176(1 - 0.444)

= 34.5 in. 4

Ia = 0.5(Ig + It) = 0.5(76.5 + 34.5) = 55.5 in. 4
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Massm= 03 .00975 kip-sec 2/ft=32.2=0.07

M = pfybd 2 11 - 17lcR

= 0.0176(52)(1)(3.25)2 0.0176(52)
"[L 1.703.9) uk k x 2930k°ps/ft

= 835 kip-ft (eq 4.16) I

Rm = i 0.314 = 18.5 kips =Mximur D•f lection

m L ~5.33 o "
3 384(3)(lO )355.5 Deflection, V(ft)

k = = 3840)(10 2930 kips/ft
0 5.333(144) Figure 7.46. Resistance func-

S18.5 
tion for a 4-1/4-in. continuous

Y= RJ/k = 0. 0.0063 ft slab spanning 5.33 fte 2930=

The basic equation for the numerical integration in table 7.17 is

Yn + 1 = Yn(At) 2  2yn- _Yn -1 (table 5.3) where

yn(At)2 ( - R )(At)2 (Pn - Rn )10-6
-=770n95)=1.33 (lO- )(Pn - Rn) ft@KiM(m) -0.77(0.00975) n=

The time interval At = 0.001 sec is approximately equal to Tn/l0

= 0.001025 (par. 5-08). The dynamic reaction equations are listed in

Table 7.17. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab

t P R P - R yn(At) 2  Vt nn n• n n n Vn
(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 7.69 0 3.84 0.00051 0 1.08

0.001 7.67 1.49 6.18 0.00082 0.00051 1.61
o0.002 7.65 5.39 2.26 0.00030 0.00184 3-01
0.003 7.63 10.17 -2.54 -0.00034 0.00347 4.73
0.004 7.6i 13.95 -6.34 -0.00084 o.0o476 6.08
0.005 7.59 15.27 -7.68 -0.00102 0.00521* 6.56
o.oo6 7.51 13.60 -6.03 -0.00080 0.oo464 5.96
0.007 7.54 9.58 0.00327 4.50
0.008 7.51

* (yn) = 0.0052 ft.
n max

* .1
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paragraph 7-32b. The Pn values for the second column are obtained from

figure 7.40, multiplying by [144(5.33)(1)J/1000 = 0.769 to obtain load in
kips.

The maxiimum deflection (Yn)mx., computed in table 7.17, is 0.0052 ft.

This is less than ye = 0.0063 ft. Design is satisfactory.

h. Shear Strength and Bond Stress.

vmax = 6.56 kips (table 7.17)

For no shear reinforcement

Allowable v = 0.04f' + 500Cp (eq 4.24)
y c

Vy = o.04(3000) + 5000(0.O176) = 320 + 88 = 208 psi

v D = 8(6560) = 192 psi; OK, no shear reinforcement required

u 8(65.3.25 428 psi

Allowable u = 0.15fc = 0.15(3000) = 450 psi; OK for bond

S,411• i. Su~mmar.
4 -1/4-in. slab

"- No. 4 at 3 1/2 , 
-0 7

i<•"°" 'p = 0.0176

ZO= 5.4 in.

"No shear reinforcement

7-33 DESIGN OF ROOF FRRLINS. The purlins are framed flush with the top of

the girders and are provided with moment-resisting connections. The top

flanges of the purlins are anchored to the concrete roof slab to provide

lateral support to the top compression flange.

Although composite behavior of the slab and purlin can be expected to

develop to a limited extent, preliminary computations showed that design

for independent behavior of slab and purlin is more desirable for this ar-

rangement of slab and purlin (pars. 4-12 and 6-23). Accordingly, this pur-

lin design neglects composite behavior.

The purlins are designed to pass into the elasto-plastic range, but

not into the plastic range. This means that the deflection is limited to

that necessary to just develop the plastic hinges at midspan. This point

120
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is indicated in figure 7.50 (page

130). Since the design proce-

dures of this manual provide only ,-o"

for single-span elements, this

purlin is designed as a fixed-end

beam spanning 18 ft between

girder centerlines.

a. Loading. For the blast wave moving normal to the long axis of

the building and thus normal to the axis of the purlin, the loading may be

considered to be uniformly distributed along the length of the purlin. For

this condition the pressure vs time variation at each point on the roof is

a function of its position (par. 3-09). In addition the load on a purlin

is a function of the length of the slab spans between purlins because the

load on the purlin increases as the blast wave traverses the two adjoining

slabs. In the preliminary design of the purlins the design load is ob-

tained from the incident overpressure curve (fig. 7.40) without modifica-

tion of any sort. The rise time of the load on the slab, the slab dynamic

reactions, and local variation in overpressure on the slab are all neg-

lected in this preliminary step.

For the blast wave moving parallel to the long axis of the building

and thus parallel to the axis of the purlin, the load varies along the span

as a result of the time required for the blast wave to traverse the purlin

span. At any point along the purlin the time variation of the load is the

same and defined by the incident overpressure vs time curve (fig. 7.40).

In the calculations that follow the load vs time curves for the pur-

lin are obtained first for the blast wave moving parallel to the long axis

of the building and then for the blast wave moving parallel to the short

axis of the building.

The purlin obtained by the preliminary design procedure is then ana-

lyzed for both loads in tables 7.19 and 7.20 (pages 124 and 126).

Blast wave moving parallel to the short axis of the building:

The variation of the local overpressure at the centerlines of pur-

lins (A) and (B) during the critical time period for the purlins and

girders of this building is only slightly different from the incident
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overpressure curve (fig. 7.40). The detailed computations to show this are

not presented but are similar to the computations in paragraph 7-23a. Ref-
erence to the example in paragraph 7-23 and comparison of the critical time

values of that example with the results of the following numerical analysis

(table 7.18) show that the incident overpressure is a satisfactory basis

for determining the purlin loading.

Table 7.18. Determination of Dynamic Reactions for Roof Slab, Local Roof Overpressure at
Centerline of Purlin (A) (including Rise Time Correction)

t Pn Rn n -Rn yn(t) Yn Vn
(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 0 0 0.31 O.000041 0 0
0.001 2.01 0.12 1.89 0.000251 0.000041 0.32
O.002 4.03 0.98 3.05 0.000406 0.000333 0.91
0.003 6.04 3.02 3.02 0.000402 0.001031 1.94
0.004 7.64 6.24 1.40 0.000186 0.002131 3.32
0.005 7.62 10.01 -2.39 -0.000318 0.003417 4.67
0.006 7.60 12.85 -5.25 -0.000698 0.004385 5.69
0.007 7.57 13.64 -6.o7 -0.000807 O.OO4655 5.97
O.008 7.55 12.07 -4.52 -0.000601 O.004118 5.41
0.009 7.53 8.73 -1.20 -0.000160 0.002980 4.19
0.010 7.51 4.93 O.001682 3.76
0.020 7.31 3.65
0.030 7.11 3.55
O.04o 6.91 3.45

The roof slab is analyzed in table 7.18 for the modified incident

overpressure curve presented in figure 7.47. The analysis in table 7.18
is based on the following data developed in paragraph 7.32.

Elastic range: Yn(At) 2= 1.33(10-)(Pn - Rn) ft
k = 2930 kips/ft

Ye = 0.0063 ft

R = 18.5 kipsm

Vn = 0.36Rn + 0.14Pn

This computation is performed to obtain the slab dynamic reactions on the

purlins. The dynamic reactions of the slab for the overpressure variation

at purlins (A) and (B) are the same for the time range considered, because
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the maximum response of the slab occurs before there is any appreciable

difference in the overpressure at points (A) and (B).

To obtain the design load for purlins (A) and (B) the dynamic reac-

tion data from table 7.18 are plotted in figure 7.48. The total purlin

load is equal to the sum of the reactions of the slabs forward and aft of

the purlin. In figure 7.48 it may be seen that the same dynamic reactions

are plotted with a time lag

t = = 0.0038 sec

The loads from figure 7.48 are used in table 7.19 to check the preliminary

purlin design.

Table 7.19. Determination of Maximum Deflection and Dynamic Reactions for Purlins,
Blast Wave Perpendicular to Purlin Axis

t Pn Rn P-n Rn %n (At) 2  YU Vn

(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 0 0 5.6 0.00033 0 0
0.003 36.0 2.3 33.7 0.00198 0.00033 5.9
o.oo6 12o.6 18.7 101.9 0.00600 o.oo261 23.6
0.009 162.o 77.7 84.3 o.0o496 0.01095 50.7
0.012 162.o 155.6 6.4 0.00037 O.02i22 78.5
0.015 133.2 175.0 -A1.8 -O.OO243 0.03786 82.9
o.o18 132.3 190.9 -58.6 -0.00341 0.04907 89.0
0.021 131.0 202.0 -71.0 -0.00413 o.o5687 93.2
o.o02 129.6 205.0 -75.4 -0.00525 o.o6055 93.4
0.027 128.3 193.8 -65.5 -0.00386 0.05896 87.7
0.030 126.9 155.2 -28.3 -0.00167 0.05352 73.6
0.033 125.6 1o4.7 0.o464i 62.8
o.036 L24.2 62.1
0.039 122.9 61.4

*(y imax = 0.060 ft.

Blast wave moving parallel to the long axis of the building:

The design load on the purlin is determined in figure 7.49 using the

slab dynamic reactions obtained in table 7.17 for incident overpressure.

The variation of the average load on the purlin with time is found by in-

troducing the time lag
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la = 0.0328 se

because the variation in slab dynamic reaction with time is the same at

each point along the purlin. The load curve from figure 7.49 is used in

table 7.20 to check the preliminary purlin design.

Table 7.20. Determination of Maximum Deflection and Dynamic Reactions for Purlins,
Blast Wave Parallel to Purlin Axis

t Pn Pn-Rn 'nt( At ) 2 Yn Vn

(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 0 0 3.1 0.00018 0 0
0.003 19.8 1.3 18.5 0.00109 0.00018 3.2
0.006 72.0 10.3 61.7 0.00363 0.00145 13.8
0.009 108.0 45.1 62.9 0.00370 0.00635 31.4
0.012 140.4 106.1 34.3 0.00202 0.01495 57.9
0.015 158.4 157.5 0.9 0.00009 0.02557 78.8
0.018 llj4.0 172.7 -28.7 -0.00167 0.03628 83.2
0.021 133.9 185.6 -51.7 -0.00301 0.04532 87.1
0.024 133.6 194.1 -60-5 -0.00352 0.05135 90.4
0.027 133.2 197.7 -64.5 -0.00375 0.05386* 91.8
0.030 132.8 188.9 -56.1 -0.00330 0.05262 86.6

*(yn)max = 0.054 ft.

The preliminary design load as idealized from the computed loading ai,

8- 138kips shown by figure 7.40 is defined by

lo(1441)5.33(18)pB = i0 psi 000 kips

0 T = .038 sec

T -o .38sec b. Dynamic Design Factors. (Refer to table 6.1.)

Time (sec) Elastic range:

KL = 0. 53, Km o. 4 1, K =0.77

R 1 Mps k _ 384EI
1m L 1

V = 0.36R.+ o.14P
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Elasto-plastic range:

KL o..64, 0M -o .50, = 0.78

m L ep 5L3

V = 0.39R + 0.11P
Average values:

KL = (0.53 + o.64)0.5 = 0.58

KM = (0.41 + 0.50)0.5 = 0.45
KIM= (0.77 + 0.78)0.5 = 0.77

R 22Mp
m- L

264E•

c. First Trial - Actual Properties.

Assume D.L.F. = 2.0 and neglect dead load stresses (experience)

Rm = D.L.F.(B) = 2.0(138) = 276 kips (par. 6-11)

S= 1.o ssf ,, = 1.05(41.6)S = 3.64s kip-ft (s in in. 3 ) (eq 4.2a )
"R 22MP (223.64S= 276, .. S= 62 in. 3

Try 16 w40, b/tf = 7.0/0.503 = 13.9 < 14; OK, S = 64.4 in. 3

I = 515.5 in. 4 Z = 72.7 in. 3, 0.5(0 + Z) = 68.5 in. 3

Mp = 0.5f 1(S + Z) 41.6(68.5) = 237 kip-ft

Rm -T- -- = 29o kips

k = 264EI (264)3o(I03)515,5 = 4870 kips/ftL3 183(144)

Weight = 4.25(150) + 6. 5.33 +40 4o = 6.4 kips
Mass m = 6.4 = 0.1985 kip-sec2/ft

32.2

d. First Trial - Equivalent Properties.

ke = KLk = 0.58(4870) = 2820 kips/ft (eq 6.6)
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me = KMm = 0.45(0.1985) = 0.0894 kip-sec2/ft (eq 6.8)

n = -- 6.2840.0894/2820 = 0.0353 sec (eq 6.14)

e. First Trial - Available Resistance vs Required Resistance.

CT = T/Tn = 0.38/0.0353 = 10.8

D.L.F. = 1.95 (fig. 5.20)
tm/T = 0.05 (fig. 5.20)

tm = 0.05(0.38) = 0.019 sec

Idealized load-time curve is satisfactory up to tm (fig. 7.40)

Required Rm = D.L.F.(B) = 1.95(138) = 269 kips

The required Rm < available Rm; therefore the selected proportions
are satisfactory as a preliminary design.

f. Preliminary Design for Shear Stress.
At tm = 0.019 sec, P = 9"5(5"33)18(144) 131 kips (fig. 7.40)

1000 =

V = 0.36R + 0.11P = 0.36(269) + 0. 11(131) = 111.4 kips

- -=_ _1_0.30 = 22,700 psi (allowable v = 21,000 psi)(par. 4-05c)

Since V = 111.4 kips is estimated it is desirable to continue with in-

vestigation of 16 W40.

g. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

Mp = 0.5fdy(S + Z) = 237 kip-ft
Weight = 6.4 kips

Mass m = 0.1985 kip-sec2 /ft

Elastic range:

R 12Mp weight = 12 - 6.4 = 151.6 kipslm L l-

k_ 384EI _ (384)30(10)515.5 7100 kips/ft1 0 183(144)

Rlm 151.6
Ye -k- 7100 -15. 0.0214 ft

ke = KLkl 0.53(7100) = 3760 kips/ft
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me KMm = 0.41(0.1985) = 0.0815 kip-sec2 /ft

Tn = v erm7e 6.6j -08536 = 0.0292 see

Rm - 205 Elasto-plastic range:ý loRm-11."1M 16(237)
R1M R weight = -6.4= 205 kips

m =L
I1 kk, - 7O kips/ft

S*V4 I ,420kip$/ft 384EI 1
5 ye 9 O.0214 fft k - k 1420 kips/ft SD Y'°°gf'ep 5L -5 1l

ILMaximum Deflection
ye = 0.0214

Deflectlon, y (ff) Ym Yep e k 0 1ep
Figure 7.50. Resistance func-

ticn for 16 V 40 purlin 205 - 151.6 = 0214 + 0.0376 0.059 ft
spanning 18 ft 1420 0

The basic equation for the numerical integration in tables 7.19 and 7.20 is

Yn + 1 = Yn(At)2 + 2yn - Yn - 1 (table 5.3) where

2 =(Pn - Rn)(At) 2

Yn(t)= KIM(m)

yn(At) 2  (Pn - Rn)9(I0-6 ))l r
n = 0.77(0.1985) = 5.88(l- 5 )(Pn - %) ftelastic range

(At) 2  (Pn - Rn)9(10-6 )
-= 0.78(0.1985) = 5.81(I0-5 )(Pn - Rn) ftelasto-plastic

range

(At) 2  (Pn - Rn)9(10-6 -5)(p - Rn) ft, plastic range
fln(At - 0.66(0.1985 ) (lo)= C Rn)

The time interval Ait = 0.003 sec is approximately Tn/lO = 0.00292 (par.

5-08). The dynamic reaction equations are listed in paragraph 7-33b. In

table 7.20 the P values for the second column are obtained from figuren

7.49, multiplying by 2 x 18 = 36, to account for the two slabs loading the
purlin. In table 7.19 Pn values for the second column are obtained from

figure 7.48, multiplying by 18, the length of the purlin.

h. Shear Stress Check.

V = 93.4 kips (table 7.19)v = 93,40 = 19,000 psi
v-tw 16(0.307) 0
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Allowble v 21,000 psi; OK (par. 4-05c)

i. Check Proportions for Local Buckling. (par. 4-06d)

16 w4o0, b = 7.0, tf = 0.503

a = 15.0, tw = 0.307 /.503"
b/tf = 7.0/0.503 = 13.9 < 14.0; OK

a/tw = 15.0/0.307 = 49.0 > 30; NG.i
5. e 14e Continuous/

Longitudinal stiffeners are required Wtd

ts = 3/8 > 0.307

bs/ts = 6; bs = 6ts = 6(3/8) = 2.25 in. 16,006- X 2 1" ,5o"

Use 2 plates 3/8 in. by 2-1/4 in. full

length welded continuously as described in

r-" .307"

paragraph 4-06d. l__

c/tw = (4.5)/0.307 = 14.6 < 22; OK .L 0O."o

e/tw : (10.12)/0.307 = 33 < 40; OK

Weight of added stiffener plates = 5.7 lb/ft

7-34 PRELIMINARY DESIGN OF COLUMNS. A single-story frame subject to lat-

eral load behaves essentially as a single-degree-of-freedom system with the

column displaying the spring properties. It is therefore unnecessary to

substitute an equivalent system for the original structure, and the mass

and load factors that are necessary in the design of beams and slabs are

not used in the design of single-story frames.

The preliminary elastic design procedure of paragraph 6-12 is used

to determine the preliminary column size. The equations of paragraph 7-06

are used in the pro-

cedure of paragraph

16-0" 16'- 0" 16'- 0* 6-12 to replace some
S'-o 10'-2- 

ColumnR °°of the factors used

. ,, in determining equiv-

F m m- alent single-degree-

of-freedom systems.
R

For purposes

of preliminary design

the frame girders

are assumed to be
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infinitely rigid thus simplifying the determination of the column spring

constant. For spring constant computation the effective column height is

10.17 ft based on an assumed girder depth of 3 ft and clear height of 8.67

ft. The clear height is used in determining the maximum resistance of the

columns (par. 7-06).

In the preliminary design of steel columns it is desirable to be con-

servative to allow for the factors which are neglected in the preliminary

design. These factors are: (1) the effect of direct stress on the plastic

hinge moment and (2) the effect of girder flexibility.

a. Design loading. The design lateral load on the frame is obtained

from the dynamic reactions at the top of the front wall slab. However, for

the preliminary design procedure it is satisfactory to use the net lateral

overpressure curve (fig.7. 4 3). In this case the total concentrated lateral

load on the frame is the product of (18)(6.18)YLet. The effective wall

height determining the frame load is obtained from the wall clear height

and roof slab thickness

a-405kips h' = 11.67 + 0.35 = 6.18
• 2

The design load as idealized from the computed

L loading shown by figure 7.43 is defined by

T046 sec B 5 s 25.3(144)18(6.18) 405 kips
Time (sec) 1000

T = 0.046 sec

b. Mass Computation.

Walls 1(67)2(108150 - 73.5 kips

Roof slab 4.25(150) + 6] 18(54) = 57.3 kipsRoo slb 12 1 000

Purlins 40(18)10 = 7.2 kips
1000

Girders (estimated) 1000 = 7.4 kips

Columns (estimated) 150(8.67)4 = 5.2 kips
1000

Connections = 0.1(7.2 + 7.4) = 1.4 kips (10% of girders and purlins)
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Single-degree-of-freedom-system 
mass = total roof + girder +

1/3 (walls and columns) = 57.3 + 7.2 + 7.4 + 1.4 + 0.33(73.5 + 5.2)
32.2

S99"5 =3.09 kip-sec2 /ft32.2=

C. First Trial - Actual Properties.

Assume D.L.F. = 1.2 (experience)

Rm = D.L.F.(B) = 1.2(405) = 486 kips

Required MD = Rmh/2n = 486(8.67)/2(4) = 527 kip-ft (eq 7.14)

The effect of axial column load is neglected

(S + Z) (eq 4.2)

s+z + MD 527(1) = 152 in.3
2 -F; -41.

Smallest column that satisfies buckling criteria is 12 W1-20

S = 163.4 in.3, Z = 186.0 in. 3 , I = 1071.7 in. 4 , 0.5(S + Z)=174.5 in. 3

A = 35.31 in.2

a/tw = i0.91/0-71 = 15.4 < 22, OK; b/tf = 12.32/1.106

= 11.1 < 14.o, OK (par. 4-06d)

MD = 0.5(S + Z)fdy = (174.5)41.6/12 = 605 kip-ft

R=- .o= C-- 558 kips

d. First Trial - Determination of D.L.F.

3 = 12(30)10 1l071-7)4 1k = 12EIn/h - 10.i07)4 = 10,200 kips/ft (eq 7.10)144(ZO. 17 )3

T = 21t%[i = 6.2843.09/1i0,200 : 0.1095 sec

T/Tn =0.046/0.1095 = o.42

D.L.F. = 1.07, tM/T = 0.93 (fig. 5.20)

tM = 0.93(0.06) = 0.043 sec

The original load-time curve should be revised to obtain a closer ap-

proximation to the total impulse up to time tm* The impulse up to

t = 0.05 sec in figure 7.43 is:
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H = 0.82 psi-sec. (obtained by graphical integration)

T = 21/B = 2(0.82)/25.3 = 0.065 sec

T/Tn = 0.065/0.1095 = 0.593

D.L.F. 1.3, tT = 0.70 (fig. 5.20)
tm = 0.7(0.065) = 0.0455 < 0.05
The revised idealized load-time curve is satisfactory

Required Rm = D.L.F.(B) = 1.3(405) = 527 kips < 558 kips; OK
There is no need for further trials. The required Rm of 527 kips is

greater than original estimate of 486 kips but less than R available from
12 W 120 (558 kips). Therefore the 12 W 120 is accepted for preliminary

design.

e. Shear Stress Check of 12 W120.

Estimated V = m = 558= 139.5 kips
-Wa = 139. kips

V 0139500
wd = 0 - 15,000 psi

Allowable v = 21,000 psi; OK (par. 4-05c)

f. Slenderness Criterion for Beam - Columns. (par. 4-08) An approxi-

mate evaluation of the 12 W 120 column slenderness criterion is made before

the column size is accepted for final analysis. The criterion is:

I K'd I "L5r < 1.0 (eq 4.10)

MD =527 (605) = 570 kip-ft, rough estimate based on ratio of required

R to available Rm m

mp = 605 kip-ft

P= fdyA = 41.6(35.31) = 1470 kips

(8. 4(5)18 = 3920 kips, at tm = 0.0455 sec (fig. 7.43)

K' = 0.14 (table 4.1)

K" = 0.50 (table 4.2)

L = 8.67 ft (clear height)

r = 3.13 in. d = 13.12 in.

b = 12.32 in.

tf = 1.106 in. 134
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Substituting in equation (4.10) gives

k65 i 00(12.32)(1.106) M-0 1503.13)j

S- .132 + 0.284 = 0.416 < 1; OK

7-35 GIRDER DESIGN. The design procedure for the frame girder is identical

to the girder design in paragraph 7-25. To provide continuity in the pres-

entation of this building design example without excessive repetition, this

girder design is limited to the computation of the resistance diagram and

the numerical integration computation to check the adequacy of the girder

resistance. The same prelim-

inary computations performed m I i•e'-o"16' ,0o , -"
in paragraph 7-25 have been JjJ 16-0"

performed for this girder but I

are omitted for simplicity of ,

presentation. The girder is

designed as a fixed-pinned beam. A 36 W 150 girder is selected by the

preliminary computations.

The design load curve (fig. 7.51) is presented. The method of de-

termining the load curve from purlin reactions is the same as described in

paragraph 7-25. The dynamic reaction data are obtained from table 7.19.

a. Determination of Maximum Deflection by Numerical Integration.

Based on the preliminary computations which are omitted to reduce duplica-

tion the numerical integration analysis is performed for a 36 W 150 girder.

S = 503 in. 3, Z = 580 in. 3 , I = 9012 in. 4

Girder 1 = fdy [(S + z)/2] 1 1875 kip-ft (eq 4.2)

The static loads develop a moment at the fixed support

Static load moment = 40 kip-ft

The moment in the girder to resist lateral frame motion is

2 o (605)= 403 kip-ft (pars. 7-34e and 7-11)Sof colum = 65 pas -1

§M =6Rim L 1- (1875 - 40 - 403) = 538 kips

k = 132 132(30)103(9012) = 60,400 kips/ft
L3 163(144)
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The resistance diagram is shown by figure 7.52. 15 Jan 58

Total concentrated mass = 0.40 kip-sec 2/ft,
Total uniform mass -0.075 kip-sec 2/ft0

Concentrated load and mass, KIM= 0.83 r -60,400 kips/ft

(table 6.1)

Concentrated load and uniform mass,

KIM = 0.55 (table 6.1) Deflectio..,(ft)

1/2Figure 7.52. Resistance function
for 36 P 150 girder spanning

S= 21r = 0.0156 sec 20 ft, fixed at one end and
IT pinnedl at the other

Use At = 0.0015 sec < -R = 0.00156 (Par. 5-pt). 10 2

2= (Pn - Rn)(0"0015) - 6 Ol(0 6 )(P - Rn) fn 0.40(0.83) + 0.55(0.075) - n n

The numerical integration in table 7.21 is based on the equation

Yn + 1 = •n(At)2 + nyn - 1 (table 5.3). The dynamic reaction equa-

tions are:

V1 = 0. 17R + 0.17P (table 6.1)

V2 = 0.33R + 0.33P
The P values for the second column in table 7.21 are obtained from

n
figure 7.51 multiplying by 4 to obtain the total concentrated load applied

to the girder by the two purlins.

In table 7.21 the maximum Rn = 423 kips < 538 kips. The design is

satisfactory.

b. Shear Stress Check.

V = 253 kips (table 7.21)

Multiply by 1.75 in accordance with paragraph 6-09

V 253,000(1.75) 18,200 psiv dtw 38.84(0.625

Allovable v = 21,000 psi; OK (par. 4-05c)

c. Check Proportions of 36 Wf 150 for Local Buckling.

b/tf = 11.972/0.94 = 12.7 < 14.0; OK

a/tw = 33.96/0.625 = 54.3 > 30; NG

Iongitudinal stiffeners are required (par. 4-06d)
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Table 7.21. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder

tPn Rn Pn - Rn Y ( a -2Yn vn
(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 0 0 0.6 0.000004 0
0.0015 4 0.2 3.8 0.000023 0.000004
0.0030 12 1.0 10.1 0.000061 0.000031
0.0045 26 7 19 0.00011.4 0.000119
o.oo6o 54 19 35 0.000210 0.000321
0.0075 84 44 40 0.oo024o 0.000733
0.0090 136 84 52 0.000313 0.001385
0.0105 i8o 142 38 0.000228 0.002350
0.0120 232 214 18 0.000108 0.003543
0.0135 268 293 -25 -0.000150 O.O0.844
0.0150 294 362 -68 -0.000409 0.005995
0.o165 328 407 -79 -O.0x0475 0.006737
0.0180 340 423 -83 -0.000499 0.007004
0.0195 352 414 -62 -0.000373 0.006862 253 max
0.0210 360 383 -23 -0.000138 O.oo6347
0.0225 366 344 +22 40.000132 0.005694
0.0240 372 312 60 O. 000361. 0005173
0.0255 370 303 67 0.000403 0.005013
0.0270 366 317 49 o.00o094 0.005256
0.0285 352 350 2 0.000012 0.005793
0.0300 330 383 -53 -0.000319 0.006342
0.0315 312 397 -85 -0.000511 0.006572
0.0330 o.oo6z91.

0.94" ts = 5/8 = 0.625

b •/ts = 6; bs = 6t = 6(5/8) = 3.75 in.

11.9" 10.96" Continuou, Use 2 longitudinal stiffeners, 2 plates
Weld

1P1 5/8 in. by 3-3/14 in. - full length

38 33.96" c/t;X3w = (11.9 - o.94)/0.62522.38" ^ =

= 17.5 < 22; OK
.- 0.625"

119 e/t. = (23.32 - 0.94)/0.625 = 35.6<40; OK

Weight of added stiffener plates = 15.9 lb/ft
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7-36 FINAL DESIGN OF COUMN. The column design was begun in paragraph

7-34. The final steps in the column design are illustrated by this para-

graph. The steps which follow all lead to the determination of the lateral

deflection of the top of the columns by a numerical integration. In the

preliminary design of the column (par. 7-34) some of the factors which af-

fect the maximum deflection of the column are neglected to simplify the

computations. These factors which are now considered are: the variation

of plastic hinge moment with direct stress, the variation of column re-

sistance with lateral deflection, the effect of girder flexibility on the

stiffness of the columns, the difference between the load on the wall slab

and the dynamic reactions from the wall which are used as the lateral de-

sign load for the frame columns.

For all pertinent dimensions refer to paragraph 7-34.

a. Mass Computation. (par. 7-34b)

Walls = 73.5 kips, roof slab = 57.3 kips, purlins = 7.2 kips

120(8.67)4 = 4.2 kips
Columns = 10000 160(4)
Girders = i000 = 7.9 kips

1000

Connections = 0.1(7.2 + 7.9) = 1.5 kips

Single-degree-of-freedom mass = total roof + 1/3 (columns + walls)

57.3 + 7.2 + 7.9 + 1.5 +0.33(73.5 + 4.2) _ 99.8
32.2 32.2

- 3.1 kip-sec2/ft

b. Column Properties.

12 W 120, I = 1071.7 in. 4, S = 163.4 in. 3, Z = 186.0 in. 3,

0.5(S + Z) = 174.7 in. 3, A = 35.31 in.2, b = 12.32 in.,

tf = 1.106 in., a = 10.91 in., tw = 0.71 in., d = 13.12 in.,

r = 3.13 in.

c. Column Interaction Design Data. The plastic hinge moment, plastic

axial load, and the values of MI and PI are computed below from the column

properties.

Mp = fdy(S + Z)0.5-= 41.61 (174.7) = 606 kip-ft (eq 4.2)
dy 12

PP = f A = 41.6(35.31) = 1470 kips (eq 4.7)

Pdy
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1 = da (eq 4.12)

41.6 [2(12.32)(l.106 )2 + 0.(071)13.2 2(0.71 (l.106)21

= 288 kips

f dy[4t,(~ 2 t f) + btf(3d2 - 6dtf + 4t f ()411
-3d (eq 4.11)

41.6 {4(O.71)(5.6)3
1= 12(3)(13.12) (+

12.32(l.106)[3(13.12) 2 - 6(13.12)(1.106) + 4(I.106)23}= 555 kip-ft

For PD > P1D 1
MD ( " = P14)0 -(7 P) 555 = 69o - o.469PD (eq 4.13)•:PP -PI)

For PD ' P1

M = MP (M - Ml) = (o6 - -°2W_ P D = 6o6 - o.7P D (eq 4.14)

d. Effect of Girder Flexibility. The relative flexibility of the

girders reduces the spring constant k in the elastic range from the value

obtained in paragraph 7-34 for the assumption of infinitely stiff girders

(par. 7-08). (See par. 7-23d.) To obtain this revised value of k a

simple sidesway analysis of the frame is performed. From the sidesvay

analysis the spring constant is the magnitude of the lateral force re-

quired to cause a unit displacement.

In figure 7.55 (page 145) the initial spring constant is applicable

only up to the formation of the first hinge. However, to simplify the de-

sign procedure, this value is assumed to hold up to the plastic resistance

Rm

In the sidesway analysis (fig. 7.53) the frame dimensions are based

on the centerline dimensions of the girders and columns. The lateral de-

flection for which the F.E.M. at top and bottom of each column is 1000

kip-ft is

x = (F.E.M.)h 2 /6EI
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0.3 a 0.

Figusre 7.53. Sidesway .f"ame analysis by moment dist'ibution

x=(1°o°)(1°' 17) 1 = o.oTrrt
6(30o)103(1071.7 )

-M 2(863+ 957+931+978)
1 0.7 -9 =9 -0.

n4; M)6 = 95o0

Se. Loading. Both horizontal and vertical loads are considered. The

lateral load for the numerical integration Fn (table 7.22, page 1411) is ob-

tained from the Vn dynamic reaction column of the numerical integration

analysis of the front wall slabs in paragraph 7-31 (table 7.16). The dy-
namic reaction values for a 1-ft width are multiplied by 18, the width of

one bay of the building. After the dynamic reactions of the front wall
slab have decreased to the level of the applied load (at t = 0.018 sec) the

F' values are taken from the net lateral overpressure curve (fig. 7.113).

For Pne in psi

R ;ý (83+n 5 + 931(+8) 978)- = 16.01 kips

1000 Pnet ne

These data are plotted in figure 7.51 to give the frame lateral design load

for the second column of table 7.22. The dimension 6.18 is equal to one-

half the clear height of the wall plus the roof slab thickness.

116 + 0.35 = 6.18 ft

The total vertical load bn in table 7.22 is obtained by multiplying
nthe averagre roof or esue (fig. 7. oree) by [54(18)1i v/i000 i 140 and

F4 1
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Figure 7.54. Frame design late rat load

adding to that the dead weight of the roof system 57.3 + 7.2 + 7.9 + 1.5

- 73.9 kips. The average roof overpressure is used because in the numeri-

cal analysis only the average column load is needed. This procedure neg-

lects the dynamic effect of the roof slab, purlins, and girder on the

vertical blast loads.

-1-------42I - =~
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f. Computatior of Deflection of Frame by Numerical Integration.

(See table 7.22.) The (PD)n values are the average axial column loads ob-

tained by dividing the total vertical load Pn by the number of columns.

The (PD)n values are used to determine the corresponding values of (MD)n

the relationships of paragraph 7-3 6 c. From the value of (MD)n the maximum

resistance is obtained by the relation

(R 2n(MD)fl 2Q1.)(MD)n(RM)n hc 8.67 - 0"922(MD)n PX

R is equal to kxn = 9540x in the elastic range. The expressionnnn n hcindicates the decrease in resistance corresponding to the increase in

bending moment resulting from the eccentric loading.

The basic equation for the numerical integration in table 7.22 is

x + n(At) 2nn n x 1 (table 5.3)n+l+Xn n 1

where r x (A 2r P 1 2

•n(At) 2 = - Rn h ( -Rn+ 3n (0.0)1

0 = 1.29(i0-6 [F - n + PX t

TO check the slenderness criteria (par. 4-08) the following equation is

evaluated for each time interval

MDF Kldf PD [151 ; 1 (eq 4.10)

K' = 0.14 (table 4.1), K" = 0.50 (table 4.2)
L = 8.67 ft (clear height), b = 12.32 in., r = 3.13 in.

tf = 1.106 in., d = 13.12 in.

.mD ~(o.14)(8.67)12(13.1.2] "D 0.50(8.67)12] ,
Mp 100(12.32)1.106 ] p 1503

(0.140) MD + 11)PD-1

PP
flne time interval At = 0.002 sec used in table 7.22 is based on the natural

period T = 2ANrm•k 6.28.437.i/9540 = 0.113 sec.
T

Lt ; _R = 0---13 = 0.0113 (par. 5-08)

The analysis in table 7.22 shows that the maximum deflection

143



EM U10-34i5-417 7-36f
15 Jan 58__

00 000

-P 8000 00 00

*z 4 . ý . . . 0 * 0 .. a. . .*

IIx

r-4 H~ cr\ m in~ IM~ \cO C-- 00 w a i r- --fr-i 4

ci -H- 0 H C;u- C; C;- A~ A'~ A P. eiA J -4 t AvO Hzr c:- C:- t!O. C;-JtO%

C) U, 0 I - 0"I\ \ mH 00000a\c w-r' r-t-eck \, 6ýC ýC- 4r Aýr ýU

H C~ 0 m100-1r 4 - oH M1 o 0

-14 r-_ ~ ycjc\m m-I-I-I-II r nL\I

w. 'cJ'~-H0\0O

P. t\1 4.1 )\m00CjI\ur-00Cj% c0Ci z ý c0 -
tzc C O0 c g-I mi -I44 Cj ~ 00H0HO0iHe'J \O -

w~ '..'0 o\. mHOo\OmHc \0 en 0 cc) In m t-tr O\ .A0 rVcm rV%

in in bg\H inx% % I\x\ Nlr f\l\LN r\ I n n, f,\InHnAb .\O

0, -Z 00l 410Cj0 \-*0\Or r mc \i lr qc .

0

M ..4,.o a\ H co \0Oco H m'b-L\ a: 0 c-iU-\ r"- 0 C~j --.I C-- ON c~

0 - ~ 9 Ab\\ 0r 000 0J-4-4- 0' C" H" C-4 -j ~jC~ \l

8) 0 000000000 q000i-Z10000 000j\O o0000000a \

_ _(1 0000000000000000000 0000

14.4



7-3 6 g EM 1110-345-417
15 Jan 58

(Xndmax = 0.056 exceeds the limiting elastic 1;
R m 500 M I

deflection X = 0= 0.053. This small Ir/axlmum DW,,.ction

k, 9540kips/ft
amount of plastic action is considered acceptable _e. Ro f

'Z 9540
for purposes of this example. At t = 0.04 sec the 0 I

slenderness criteria equation Deflection, W(ft)

o~~o-~+ .1 A P oi + 1 1 7 Figure 7.5S. Frame0.140 ! + 1.1Ii1 0. 14 54 i.7i
MP PP ;0L470resisanwce diagram

= 0.364 < 1.0, .*. OK

g. Shear Stress Check.

(R m)mm = 505 kips (table 7.22)

V = 505/4 = 126.o kips

V _ 126.= 1 0
v - dtw (13.12)0.71 = 13,400 psi

Allowable v = 21,000 psi; OK (par. 4-05e)

NUMERICAL EXAMPIE, DESIGN OF A 0VE-STORY REINFRCED-CONCRETE
FRAME BUILDING, PLASTIC DEFQRMATION PERMI¶']ED

7-37 GENERAL. This numerical example presents the design of the important

elements of one bay of a windowless one-story, reinforced-concrete frame

building. Included are the design of the wall slab, roof slab, roof girder,

and columns. The foundation design is not included because that design

procedure is illustrated by paragraph 7-27.

In this example all elements with the exception of the girder are

permitted to deform plastically. The reason for designing the girder in

the elastic range is covered in paragraph 7-11. The limiting deflections

are established on the basis of paragraph 6-26.

The structure consists of reinforced-concrete wall slabs spanning

vertically with one-way reinforcement. The wall slab is supported at the

bottom by the foundation and at the top by the roof slab. The roof slab

is also a one-way slab spanning continuously over the reinforced concrete

frames. The roof girders are tee beams formed by the roof slab and rectan-

gular girder stems. The columns are rectangular tied columns symmetrically

reinforced in the strong direction.
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20'-0" 4 20'-0"

Cross Section

N

0

N

5 a 't'-0" g o0

Plan

Figure 7.56. Plan and section of reinforced-concrete building

7-38 DESIGN PROCEDURE. The design procedure illustrated by this example

is essentially the same as the procedure detailed in paragraph 7-18 for the

plastic design of a steel frame building with reinforced-concrete walls and

roof.

7-39 LOAD DETERMINATION. In this example only the completed overpressure

curves are presented. The computation of the overpressure variation is ex-

plained in detail in EM 1110-345-413 and illustrated again in paragraph

7-19. The design overpressure of 10 psi is selected arbitrarily.

The overpressure vs time curves that are presented are:

(1) Incident overpressure vs time (fig. 7.57)

(2) Front face overpressure vs time (fig. 7.58)

(3) Rear face overpressure vs time (fig. 7.59)

(4) Net lateral overpressure vs time (fig. 7.60)

(5) Average roof overpressure vs time (fig. 7.61)
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7-40 DESIGN OF WALL SiAB. The wall slab is designed as a reinforced con-

crete beam one foot in width fixed at the foundation and pinned at the roof

I. where it is framed into a thin slab. The

"4 -• wall slab is designed for plastic action

"so that a plastic hinge will be developed

first at the foundation and then at mid-

• 1,S3 L.15.S3' span when the slab is subjected to the de-

* -sign loading. The clear height of the

slab is considered the design span length.

.- The preliminary design procedure

4 "for plastic design is described and il-

lustrated by an example in paragraph 6-11.

The dead load stresses are neglected for a vertical wall slab.

a. Design loading. The design load as idealized from the computed

loading shown by figure 7.58 is defined by:

B = 25.3(144)15.83 57.7 kips5. 7kip

1000 =

T = 0.062 sec
6.U
@

H =BT (57.7)0.062 - 1.79 kip-sec (par. 6-11) Ta°°ezsc
22 (a.Timet. 0062se

b. Dynamic Design Factors. (Refer to table 6.1.)

Elastic range:

KL = 0.58, KM= o.45, KLM = 0.78

8M__R Ps k 185EI
Rlm :-- ,1 L3

VI = 0.26R + 0.12P, V2 = 0.43R + 0.19P

Elasto-plastic range:

KL = o.64, I'm = 0.50,9 KM = 0.78

Lep 384EI

V = 0.39R + 0.llP
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OPlastic range:

S= 0.50, KM 033, K 0. 66

RM= L (M. + M.)

V = o.38R + o.lP
Average values:

* ~(o.614 + 0.50)
KL2 = 0.57

m (050 + 0.33) = 0.42
2

R (0.0 + W.)

lc 1o• (if Mp •)

c. First Trial - Actual Properties.

Assume p = 0.015 (par. 4-10)

Let a4 = 5 (par. 6-26)

Assume CR = 0.75 (experience)

H = Co = 0.75(57.7) = 43.3 kips

=pfd b d2  (1 _- 
(eq 4.16)

= 0.015(52)(I)d2 [i 0-015(52)] = o.688d2 kip-ft (d in inches)11- 1'.7(3.9)

R= = (12)0"688d2 = 43,3, .'. d 9* .11 in.
L: - 15.63

Try h = 10.5 in., d = 9.25 in., p 0.015, np= 0.15

Mp 0.688(9.25)2 = 58.9 kip-ft

12M 12(58.9) : .10sF" , • ,] _
R - L :15.83 44. kip 1.2

Ig bh3 /12 = (10.5)3 = 1158 in. 4
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= bd3  + np(l - k)2] 12(d)3(2 + 0.15(1 0.42)2]

= 0.905d3 = o.905(9.25)3 = 716 in.4

Ia = 0.5(Ig + It) = 0.5(1158 + 716) = 937 in.4

= 16cEi (16o)3(i0)39•7 - 787 kips/ft

03  14(15.83)3

Rm 44.6 o.o67 ft
YE = -! = " =

ym = YE = 5(0.0567) 0.2835 ft (par. 6-26)

weight = 10.5(15o)1:5.83 2.078 kips(12)1000
Mass m = 2.078 0.0645 kip-sec2/ft

=32.2

d. First Trial - Equivalent System Properties.

R = KLRm = 0.57(44.6) = 25.4 kips (eq 6.12)

He = KLH = 0.57(1.79) = 1.02 kip-sec (eq 6.8)

me = ,m = 0.42(0.0645) = 0.0271 kip-sec2 /ft (eq 6.2)

wp (H e)2 4:1.,02)2- e) = 1.01 = 19.20 ft-kips (eq 6.10)

Tn = -2:r-- = 6.284.78(o.o645)/787 = 0.050 sec (eq 6.14)

e. First Trial - Work Done vs Energy Absorption Capacity.

C T = T/T. = 0.062/0-050 = 1.24

CR = R/B = 44.6/57.7 = 0.77 (eqs 6.15., 6.16)

tm/T = 0.71 (fig. 5.29)

tm = (0.71)0.062 = 0.044 sec

The idealized load-time variation is considered to be a satisfactory

approximation to the actual front face overpressure curve (fig. 7.58) up

to tm = 0.044 sec (par. 5-13).
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Cw= 0-.31 (fig. 5.27)

wm CwWp= 0.31(19.20) = 5.95 ft-kips (eq 6.17)

E = R(Y - o.5YE) = 25.4 o.02835 - 0.5(0.0567)]
= 6.48 ft-kips (eq 6.18)

E > W, therefore the selected proportions are satisfactory as a pre-

liminary design.

A 10-in, slab was tried and found to be unsatisfactory.

Use 10.5-in, slab.

f. Preliminary Design for Bond Stress. It is now necessary to

select the reinfaorcing steel for the critical

cross sections. At the fixed end of the wall 9.2"'

the cover requirement results in a smaller

value of d = 8.0 in. than at midspan, d = 9.25 No., 85 o. Cover ,2"

in. To achieve approximately the same p at Midspon ond Pinned End

both critical cross sections several values of 2.5•

p are investigated to obtained the value of p

for which Mel

12 = Mp = 58.9 kip-ft

A plot of equation (4.16) simplifies this computation. From such a plot

p =0.017.

At the fixed end

Estimated Vmax = 0 .5 Rm = 0.5(44.6) = 22.3 kips

Allowable u = 0.15fc = 0.15(3000) = 450 psi
c

v 8(22.30o)
,:o v•- :t2900 7(450)6.0 :7.1 in.

A = pbd o 0.017(12)8.0 = 1.63 in. 2

Try #8 at 5 in., As = 1.90 in. 2, o = 7.5 in.

= . = 0.0198

At the pinned end

Estimated Vmax = I/3Rm= -_-. = 14.9 3ps
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vo -8(I ,E4'22) = 4.1z in.
o ujd 450(7)9.25

As = pbd = 0.017(12)9.25 = 1.89 in. 2

Try #8 at 5 in., As = 1.9 in. 2, Eo = 7.5 in.

S= I1. = 0.0171

g. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

= pf= bd2 01 , 0.0171(52)(1)(9.25)2 1=.0171(52)
[ i . 7fdc I = [ -09

= 66.0 kip-ft (eq 4.16)
"PM = 0.0198(52)(1)(8.)2[1 .0122(52)] 56.o kip-ft•s = 0"115)()802 -1703.9) =

Ig = bh3 /12 = (10.5) 3 = 1158 in. 4

I= bd [0 + np(1 - k) = 12(9.25 )3 0.171(1 - 0•44)2It 13 3

= 775 in. 4

Ia = O.5( I + It) = 0.5(1158 + 775) = 967 in. 4

10. 5(150):L5.83
Weight = 15(1000) = 2.078 kips

Mass m = 32.078 = 0.0645 kip-sec2 /ftMassm =32.2--

Elastic range:
8Mps 8(56.0)

Rim -1 = 28.2 kips

kl 1 185EI _ (185)3(10)3967 .930 kips/ft
1 L3 144(15.83 )3

Rlm 28.2 =

e k I 930 - 0.0304o

Elasto-plastic range:

4 (Mps + 2 ) 456.0 + 2(66.0)] 7.5 kips
Lm 1i 15.83 =

k ep=384E1 384 k=38 iSf
ep 5L3  515 1  6kips/ft
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Yep = Ye + k = 0.30 4 + -386 = 0.080 ft

ep

Plastic range:

Rm = 47.5 kips

By providing equal areas under the "effective resistance" line and

the computed elasto-plastic resistance line, YE = 0.0641 ft (fig. 7.62).

kE = RJyE = 47.5/0.06411 = 740 kips/ft Maximumoefloction y, 5yE

Tn = 2zJ7i~j~)IcER .

6.28 O. 4 0.0517 sec (1 T k,. 930 kip/ft
70I kE" 74Okips/ftkops 386 kips/f t

ym = ce = 5(o.0641) = 0.3205 ft y. • II .. o•34 Ft

The basic equation for the numerical __l a0.060 fot
Ye YE Yep

integration in table 7.23 is yn + Deflection., (ft)

2 +
- Yn(At) + 2Yn - Yn - 1 (table 5-3) where

(At)2 Figure 7.62. Resistance function for

=n - R ) 10-1/2-in, slab spanning 15.83 ft,

= KM(m) fixed at one end and pinned
at the other

Table 7.23. Determination of Maximum Deflection and Dynwnic Reactions for Front Wall Slab

t P R P -R y•(At )2  v v
n n n n n Yn VIn V2n

(sec) (kips) (kips) (kips) (ft) (ft) (kips) (kips)

0 57.7 0 28.8 o.x143 0 6.9 .1.o
0.005 53.0 1-3-3 39.7 0.0197 0.0143 9.8 15.8
0.010 48.3 35.1 13.2 0.00656 0.0183 19.0 19.0
0.015 43.7 17.5 - 3.8 -0.00223 0.0888 23.2 23.2
0.020 39.1 47.5 - 8.4 -0.00193 0.1271 22.7 22.7
0.025 34.3 47.5 -13.2 -0.00775 o.1605 22.1 22.1
0.030 29.7 47.5 -17.8 -0.01045 o.1862 21.6 21.6
0.035 26.4 47.5 -21.1 -0.01239 0.2015 21.2 21.2
0.040 25.3 47.5 -22.2 -0.01303 0.2044* 21.2 21.2
0.o045 24.2 38.1 0.10943 12.8 1.8.5

*(y )x = 0.20 ft.
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1 (a t = 0.2(P 0.-0R)2()6  4.97(i0)04(P - R) ft, elastic range
Yn ('at0.78(0.06415)- Y =

yn(t(t)2  P - R )25(l0) -6

=2 78(0055 = n4.97(0) -4(P - R) ft, elasto-plasticY(t)2  (n - Rn)25(10° 6  
range

) 0.66(0.0645) = 5.87(10)-4(P Rn) ft, plastic range

The time interval At = 0.005 sec is approximately T%/l0 = 0.00517 see
(Par. 5-08).

The dynamic reaction equations are listed in paragraph 7-40b. The P
values for the second column are obtained from figure 7.58, multiplying by
l44(15.83)/1000 = 2.28.

The maximum deflection (y n)max, computed in table 7.23, is 0.204 ft,
which is less than the allowable ym of 0.3205 ft. Thus

=0.204 -

C3 = 0.3205 = 3.2; OK

h. Shear and Bond Strength. For bottom of wall (fixed end of

idealized slab):

Vmex = 23.0 kips (table 7.23)
For no shear reinforcement, allowable v = 0.04f' + 5000p (eq 4.24)y c
vy = 0.04(3000) + 5000(0.0171) = 120 + 85 = 205 psi

8 = 8(23,200) = 274 psiv m 76d= 7(12)6.0

S'lear reinforcement required for 274 - 205 = 69 psi

Contribution of shear reinforcement to allowable shear stress : rf Y
6• = 0. 0017r = 40,000-

Try 1 #3, A = 0.11 in. 2

5

As 0.11
rb- = 0( = 0.0017; .. s = 6.5 in., use s = 6 in.

For top of wall (pinned end of idealized slab)

V = 23.2 kips (table 7.23)max

Vy = 205 psi 1
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S823-200 = 240 psi - ,Corner Dowelsv = 7ýd 7(12)9.25 I,' No. aat 10"
Constr. Jt.

Shear reinforcement required V - No.2 Stir. at 14

for 240 - 205 = 35 psi at 5"Along Wall
Staggered

r = 35/40,000 = 0.oo088 No.4 at 10"
No4 at 12"

Try 1 #2, As = 0.05 in. 2  ,.
Noata 2 I IO IS-IO"

"A NO. 8 at 10"
r 02 --05 0.00088;Noet5
bs 10s8

As- 0" j 4 N•,•o.'Q.o3 Stir. at 2"2
at lOalong Wall

s =5.7 in., use s = 5 in. IAlternatlng With

3No.3 Stir. at 12"at I0O'long Wall

Bond: 26 Staggered asShown

Allowable u = 0.15fc' =0.15(3000) L N-

= 450 psi t 5 Doawels

V 8(2 ,000) No" Nate: WOaI Steel to Have Cover inside
-o = - 7 o = 7-3 in._ 'Cover Outsideujd 7'.5Ou.OFoundation Steel Nat Shown

Use #8 at 5 in., Roof Slob Steel Not Shown

7-o = 7.5 in., A. = 1.9 in.2

i. Summary. 10-1/2-in. slab (see sketch above)

7-41 DESIGN OF ROOF SIAB. The roof is formed by a one-way slab spanning

continuously over the frame bents spaced at 18 ft. This manual is limited

to consideration of single-span

elements. To account for the con-

tinuity of the slab it is designed [LJl
as a fixed-end beam of 18-ft span. IS'-0" I
Since plastic behavior is desired

the design procedure of paragraph -

6-11 is followed. The permissible nl IIIIIIllll

deflection is established in ac- L-18.o'

cordance with paragraph 6-26 and

the static loads are allowed for by reducing the resistance.

a. Design loading. The roof slab spanning between frames in a long

building has different design conditions from the roof framing over purlins

in a similar building (par. 7-22).
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For the blast wave moving parallel to the long axis of the building

the overpressure variation with time at all points is the same. However,

for any slab element the overpressure along the span varies with time as a

result of the lag time

- length of slab 18
lag velocity of blast wave -1 = 0.0128 sec

For this caje the average slab loading is determined by introducing

the rise time equal to t la as indicated in figure 7.63 to the incident

overpressure.

For the blast wave moving perpendicular to the long axis of the

building the overpressure variation with time at all points is different as

a result of vortex action. However, at any slab element the overpressure-

time variation may be treated as constant across the span. If the response

is rapid, i.e., before the vortex action takes place, the slab element is

subjected to the incident overpressure uniformly distributed.

In this example the preliminary design loading for the roof slab is

the incident overpressure. For checking the preliminary design both direc-

tions of loading are considered and two numerical integrations are pre-

sented (tables 7.24 and 7.25, page 167).

The design load as idealized from the computed loading shown by

8-25.9kips figure 7.57 is defined by:

l0(144)(18) 1 25.9 kipsSB = 10 psi 25= kips
.S 1000

U T = 0.38 sec

H = T= ( 9)0.38= 4.92 kip-sec (par. 6-11)
T ,o.38sec 2- 2

Time (sec) b. Dynamic Design Factors. (Refer to table 6.1.)

Elastic range:

= 0.53, KIm = 0.41, K = 0.77

Rlm = 2Bsl., k/ = L3
1 L3

v = O.36R + O.14P

Elasto-plastic range:

S= 0.64, KM = 0.50, KIM = 0.78

B ep 5
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Plastic range:

X= 0.50, K.A = 0.33, m= o.66

EL(M. + M.)

V = 0.38R + O.12P

Average values:

KL = 0.5(0.64 + 0.50) = 0.57

S = 0.5(0.50 + 0.33) = 0.42

KIM = 0.5(0.78 + 0.77) = 0.77

H 8

k= 307EI/L 3

c. First Trial - Actual Properties.

let MP = MM =- M

Assume p = 0.015 (par. 4-10)
Let ap = 5 (par. 6-26)

Assume C = 1.0 (experience)

Rm = CRB 1.0(25.9) = 25.9 kips

=pf 
2(i pf (eq 4.16)

MP = pfb2 1 7fAC

= 0.015(52)(1)d2 [-1.0(52)] = 0.688d2 kip-ft (d in inches)

1Mp= - 1. 1688d 225.9, :. c =6.5 in.

Try h = 8 in., d = 6.75 in., p = 0.015

.7 Bi1 MP = 0.688(6.75)2 = 31.4 kip-ft
, 16~~MP 16(31.4) .9ks

(N. o8 *•coer eRm =-L= T 27.9 kips

Ig - bh 3 /12 = (8.0)3 = 511 in. 4

It = bd 3 [k UP(l - k) 2 ]= 12(d)3[(0"4 2) + 0.15(1 - 0.42)21

= 0.905d 3 
- 0.905(6.75)3 = 278 in. 4 4
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S Ia = 0.5(Ig + It) = 0.5(511 + 278) = 39 in. 4  15 Jan 58

IcE 307EI (307)3(10)3394 = 432 kips/ft
L (18)3144

R m 279=0.0645ftYE : = ,432

Ym 00 YE = 5(0.0645) = 0.3225 ft (par. 6-26)
[(150) A 1.8

Weight =[ (12) + 6] = 1. 91-kips

Mass m =. o-0.0591 kip-sec2/ft32.2 0

d. First Trial - Equivalent System Properties.

Rm = KoRm = 0.57(27.9) = 15.9 kips (eq 6.12)

He = KLH = 0.57(4.92) = 2.8 kp-sec (eq 6.2)

me = Kem = o.42(0.0591) = 0.0248 kip-sec2/ft (eq 6.2)

(H )2  (.)
(e - -s-- = 158 ft-kips (eq 6.10)

T n= 2aCYCI I_ = 6.28iFo.ý77(0.0591)A32 = 0.0645 sec

e. Work Done vs Energy Absorption Capacity.

CT = T/Tn = 0.38/0.0645 = 5.9

CR = Rr/B = 27.9/25.9 = 1.08 (eqs 6.15, 6.16)

tm/T = 0.17 (fig. 5.29)

tm = (0.17)0.38 = I see

Idealized load-time c:w.ve is satisfactory at t = 0.0646 sec(par. 5-13)

C = 0.02 (fig. 5.27)

Wm = CwWp = 0.02(158) = 3.16 ft-kips (eq 6.17)

E = Rme(Ym - o.5yE) = 15.9 [0.3225 - 0.5(0.-645)]

- 4.62 ft-kips (eq 6.18)

E > W, therefore the selected proportions are satisfactory as a pre-

liminary design. 163
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Try to reduce slab to bring E closer to W

f. Second Trial - Actual Properties.

Rm o.25WM + 0.75E 0.25(0.16) + 4.82(o.75) 26.6 kips (eq6.19)
Ym - 0"EA- (0.57)[0.3225 - 0.5(0.0645)3

16Mg (6o88 2
_

R (16)o.6d = 26.6, .. d = 6.6 in.

Try h = 7.75 in., d = 6.50 in., p = 0.015
S7.7 =0.6 2 = 0.688(6.5)2 = 29.1 kip-ft

No. 8 "Cover .1)= 25.9 kips
=M L=-.l

-bh
3 

-(7)34

Ig = --h = (7.753 = 465 in.4
12 =6i~

it = 0.905d3 = 0.905(6.50)3 = 248 in. 4 (k = 0.42)

Ia = 0.5(Ig + It) = 0.5(465 + 248) = 356 in.

- 307EI (307)3(1O)0356 391 kips/ft

: -L3 - (18)3144 '

Rm 25.9 = 0.066 ft
YE =kE 391

Ym = C4 YE = 5(0.066) = 0.330 ft (par. 6-26)

Weight =[775(150) + 6.] oo - 1.86 kips1 (12) + 16000• =1.6kp

Mass m = = 0.0575 kip-sec2 /ft32.2

g. Second Trial - Equivalent System Properties.

Rme = KLRm = 0.57(25.9) = 14.75 kips (eq 6.12)

He KLH = 0.57(4.92) = 2.8 kip-sec (eq 6.2)
m e Kgm = o.42(0.0575) =0.0242 kip-sec 2/ft (eq 6.2)

e

He- 2 (2"82 = 162ftks (eq 6.10

Wp=2me - 2(0.0p242)

T= 2o4i7i1/E = 6.28 0.77(0.0575)/391 = 0.0667 sec
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0 h. Work Done vs Energy Absorption Capacity.

CT = T/% = 0.38/0.667 = 5.7

CR = Rm/B = 25.9/25.9 = 1.0 (eqs 6.15, 6.16)

tm/T = o.24 (fig. 5.29)

t = (0.24)0.38 = 0.091 sec

Idealized load-time curve is satisfactory at time t = 0.091

- (par. 5-13)

Cw = 0.028 (fig. 5.27)

Wm = cWwP = 0.028(162) = 4.55 ft-kips (eq 6.17)

E = Rme(Ym - O.SYE) = 14.75 [0.330 - 0.5(O.U66)]

= 4.38 ft-kips (eq 6.18)

E - W, therefore the selected proportions are satisfactory as a pre-

liminary design.

i. Preliminary Design for Bond Stress.

Estimated Vmax = 0.5Rm = 0.5(25.9) = 12.9 kips

Allowable u = 0.15f' = 0.15(3000) = 450 psi (par. 4-09)

V = (12, 5.04 in.
ujd 450(7)6.5

Tr t6 in., A 1.2 in.2 2 b = 5 in., A 1.2 0-0152
Try #7 at 6 n s = b - 12(6.56)

np = 10(0.0152) = 0.152, h = 7.75 in., d = 6.56 in.

J. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

= fbd 2 [L - 1f]=0.0152(52)(1)(6.56 )2 [ (0-0£152)52]MP= Pf 1.7fdc [l. - 1.703 9)

= 30.4 kip-ft (eq 4.16)

Ig = bh 3/12 = (7.75)3 = 465 in. 4

b3L.+ np(l - k) = 0.905(d 3 ) = 0.0905(6.56) 3 = 256 in.4i= bd 3 +n ~.0(

Ia = 0.5(Ig + It) = 0.5(465 + 256) = 360 in.
a 165
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Weight =[7.75(150) + 6] 018 1.86 kips
Massm =1.86

-- .1 10

Mass 32.2 - 0.0575 kip-sec2/ft

Elastic range:

R 1M -eight=12(30.4) 1.86 =18.3 kipsR1m L id eih 1

k = 384EI (384)3(Io)360 = 480 kips/ftL3  183 (144)

Y i- 18= 0.0381 ftYe k7 =100
1

Elasto-plastic range:

R 16MP eight= 1630.4) 1.86 = 25.1 kipsm =L 1

384EI 1kep 5L3  k, = 9 kips/ft

Rm- Rim 25.1- 18.3 0
Yep =y e + = -0.0381 + 0.071=0-]09 ft

ep

Maximum Deflection - 5YE

Rm- 2 5 .1 R 16Ml4Rm -weight = 25.1 kips
Rimz 18.3

I /EI , z 480 hips/ft 30TE = 07~ =F~1~~'383 hips/ft3 kI 383 kips/ftk lY I E L3.=g kp.,
kov z 9  6 hips/ft
"y, :0.0381ft

S/ YE = 0.0655ft M 25.1
o .1o09,ft YE = T = 3-7 = 0.0655 ft

ye YE yop
Deflection, y(ft) Ym = W Ye = 5(0.0655) = 0.3275 ft

Figure 7.64. Resistance function = =vi k
for 7-3,74-in. slab spanning

18 ft, fixed at both ends = 6.2840. 77(0. 0575)/383

= 0.0674 sec

The basic equation for the numerical integrations in tables 7.24 and

7.25 is Yn + 1 = Yn(At) + 'Yn - Yn - 1 (table 5.3) where
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Table 7.24. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab,
Incident Overpressure (Modified for Rise Time)

t P RnPn-Rn y,(At±) 2  nn
(sec) (kips) (kips) (kips) (nt) (ft) (kips)

0 0 0 2.0 0.0022 0 0
0.007 13.0 1.0 12.0 0.0132 0.0022 2.2
0.014 24.5 8.4 16.1 0.0178 0.0176 6.5
0.021 24.o 19.5 4.5 0.0049 0.0508 10.3
0.028 23.6 23.2 0.44 0.000 0.0889 11.6
0.035 23.1 25.1 -2.0 -0.0026 o.1274 12.3
o. 0•42 22.6 25.1 -2.5 -0.0032 O. 1633 12.3
0.049 22.2 25.1 -2.9 -0.0037 O.1960 12.2
O.056 21.7 25.1 -3.•4 -0.o 44 0.2250 12.1
O. 063 21.3 25.1 -3-8 -0.0049 o.2496 12.1
0.070 20.8 25•1 -4.3 -0.oo56 o.2693 12.0
0.077 20.4 25.1 -4.7 -0.0o61 0.2834 12.0
0.o84 19.9 25.1 :5.2 -0.0067 o.2914 11.9
0.091 19.5 25.1 -5.6 -0.0072 0.2927* 11.9

0.2868

*(y ),, 0.29.

Table 7.25. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab,
Incident Overpressure (No Rise Time)

t (n ) Pn " Rn Yn (At ) Yn V n
(sec) (kips) (kips) (kips) (ft) (ft) (kips)

0 25.9 0 12.95 0.01373 0 3.6
o.o0685 25.4 6.6 18.8 0.01993 0.01373 4.9
0.01370 24.9 19.2 5.7 0.00596 0.014739 10.2
0.02055 24.4 23.0 1.4 o.00ol6 0.08701 11.6
0.02740 24.0 25.1 -1.1 -0.00136 o.128o9 12.4
0.03o425 23.4 25.1 -1.7 -0.00211 0.16781 12.4
0.04110 22.8 -2.3 -0.00285 0.20542 12.3
0.04795 22.4 -2.7 -0.00335 0.24018 12.2
0.05480 22.0 -3.1 -0.00384 0.27159 12.2
0.06165 21.6 -3.5 -0.00434 0.29916 12.1
0.06800 21.1 -4.0 -0.00496 0.32239 12.1
0.07535 20.7 -4.4 -0.00545 0.314o66 12.0
0.08220 20.7 -4.4 -0.00545 0.35348 12.0
0.08905 20.2 -4.9 -0.00607 0.36085 12.0
0.09590 19.9 -5.2 -0.006144 0.36215* 11.9
0.10275 18.9 22.6 0.35701 10.8

"*(yn)ma, = 0.362.
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S(Pn - R )(Gt) 2  (Pn - Rn)(0°007)2

-I(M KIM(m)

(t)2 (Pn - Rn)(49)lO-6
= . .= I.07(l" 3 )(P - Rn) ft, elastic range

gnZt2 (P " Rn)(49)l0-6

yn(At) = 0.7n(0.05n5)41 1.093(10- 3 )(P - Rn) ft, elasto-plastic0.78(0.0-577 - n= range

yn(At)2 (P - Rn)(49)10-6 ti

= 0.66(0.0575) = 1.291(10"3 )(Pn - Rd) ft, plastic range

The time interval Lt = 0.007 sec is approximately Tn/lO = 0.00674 sec

(par. 5-08). The dynamic reaction equations are listed in paragraph 7-41b.

In table 7.24 the slab analysis considers the loading resulting from the

shock wave moving along the long axis of the building (incident over-

pressure modified for rise time). The P values for the second column aren

obtained from figures 7.57 and 7.63, multiplying by 144(18)/IOO0 = 2.59.

The slab is not critical for this condition (yn)max = 0.2927 < 0.3275.

In table 7.25 the slab analysis considers the loading resulting from

the shock wave moving along the short axis of the building (local roof

overpressure with no time of rise). The Fn values for the second column

are obtained from figure 7.57, multiplying by 2.59. The slab is critical

for this case and in fact the maximum deflection ax = 0.3621> 0.3275.

This is accepted as a satisfactory design since

0.3621CAB = o . Y655 55

is close enough to value of 5 established above.

k. Shear Strength and Bond Stress.

Vmax = 12.4 kips (table 7.25)

For no shear reinforcement

Allowable v = 0.04f' + 5000p (eq 4.24)y c

v = 0.0o4(3000) + 5000(0.0152) = 120 + 76 = 196 psi

8V 8(12,400) = 178 psi; OK, no shear reinforcement requiredv -Tdd =7(12)(6.56)

8v 8(120,o0)u 7od = 7(55)6.56 =39psi
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Allowable u = 0.15f' = 0.15(3000) = 450 psi; OK

1. Summary.

7-3/4-in. slab

p = 0.0152

Zo = 5.5 in.

No shear reinforcement

7-42 PRELMINARY COIUMN DESIGN. It has been found desirable to make a

preliminary design of the column before designing the girders because the

column resisting moment is a factor in design of the girder (par. 7-11).

A single-story frame subject to lateral load behaves essentially as

a single-degree-of-freedom system. In determining the requirements for the

columns which are the springs of this system it is not necessary to use the

equivalent system technique used in designing all elements.

Using the principles of paragraph 6-11 and equations from paragraph

7-06 provides a procedure for obtaining preliminary column sizes.

In the preliminary design the girders are assumed to be infinitely

rigid to simplify the analysis. In determining the spring constant, the

column height is 14.75 ft from the centerline of the girder to the top of

the footing. The resistance computation is based on the clear height

h = 13.0 ft.

If the first trial section is overstrength or understrength it is de-

sirable to make a second trial. In this plastic column design, since the

adequacy of the selected section is based on a comparison of E , the en-

ergy absorption capacity, with Wm, the work done on the frame, successive

trials are obtained by estimating a design energy level somewhere between

the computed values of E and W for use in the equation

R =energy
m xm

for determining the new trial R . If Wm > E the energy level should be

set at W so thatm W

m xm

However, if E > Wm, as in the following example, the intermediate energy

level may be obtained as illustrated on the following page.
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a. Design loading. The design lateral load on the frame is obtained

from the dynamic reactions at the top of the front wall slab. However, for

a preliminary design it is satisfactory to use the net lateral overpressure

curve (fig. 7.60).

In computing the total concentrated lateral load on the frame it is

assumed that the wall slab transmits the blast loads equally to the roof

slab and foundation. This is generally conservative for the frame because,

in the elastic phase, the dynamic reaction at the roof is less than that at

the foundation (table 6.1).

The design load as idealized from the computed

a3562kips loading shown by figure 7.60 is defined by:

25.3(144)18 [15.83 + 0.65

B = 25.3 psi 1000

= 562 kips
T 0.062 sec

Time (sec) T = 0.062 sec

1 BT (562)0.062 174 kip-sec (par. 6-11)
2- 2

b. Mass Computation.

Roof slab 7.75(150)2 + 6.0I 18(44025) = 82.0 kips1 12 •)2 1000
Girder (assumed) 1832142'150) - 25.2 kips

12(12)1000

3 columns (assumed) 12(24)13(150)3 - 11.7 kips

wall slabs 10.5(18 15.83(150)2 74.8 kips12(1000)

Mass of single-degree-of-freedom system = total (roof + girder) +
l/3(columns +wall)= 82.0 +25.2 +0.33(11.7 +74.0) = 4.22 kip-sec2/ft

-a 32.2

c. First Trial - Actual Properties.

Assume p = 0.015 (par. 4-10)

Let aD = 6 (par. 6-26)

Assume CR = 0.50 (experience)

Rm = CRB = 0.50(562) = 281 kips

Rh 2811:
Required MD 13) - 610 kip-ft
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Approximate average roof pressure = 6.5 psi (estimated in fig. 7.61)

Average blast load per column = 44.25(18)6.5(144) 8 kips- 3(1000) =28kp

Dead load per collmnn = 1/3(82.0 + 25.2) = 36.0 kips

Average column design load PD = 248 + 36 = 284 kips

MD =Afyd' + PDO. 5t- D (eq 4.32)

Let p = p' = 0.015, d' = (t - 4.5) in., d" = 2.25 in.

b =12 in., A = pbtS

Substituting into previous MD equation

61o(12) = o.o15(12)t(52)(t - 4.5) + 284 I0.5t- 1.7(12)3.9

9.35t2 - 42t + 142t - 1015 - 7320 = 0 --- -

Solving t -- 25.0 in.

Try b = 12 in., t = 26 in.

_ o.015(12)26(52)(26 - 4.5) + 23.75" 21.5" 26

MD =12
"0 284[0.( 284)1

12- [5.7(12)3-9

MD 436 + 223 = 659 kip-ft 2.2 " .2"

d"/d = 2.25/23.75 = O.0948

For p =p' =0.015 and n = 10

m = np + (n - 1)p' = 0.15 + 9(0.015) = 0.285

d"np + (n - l)i' -• 0 015 + 9(0.015)0.091+8 = 0. 1628

k = 0.35 (table 11 RCDH of ACI)

It = bd3[1 + (n - l)p' k2 - 2k(-)+ (d) 2 I + np(d- k)2]

= 12(23.75)3 3(°'5) + 9(0.015) 1(0o35)2 -2(0.35)(0.0948) +
(oo9480.350.15(1 8)

(0.0948)21 + 0.15(l - 0.35. 13,800 in.4

I = bt 3 /12 = 263 = 17,576 in. 4

g 4
Ia = 0.5(1 + It) = 15,700 in.

k = 12EIn _ 12(3)103(15,700)3 = 3670 kips/ft
O3 (14.75 )3141 71
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R 2)n5
m = 7--D = 13.0 =304kips

C

xe = RJk = 304/3670 = 0.083 ft

xm = CO xe = 6 xe = 6(0.083) = 0.498 ft (par. 6-26)

Tn = 2:nVýTmk = 6.28-44.22/ý3670 = 0.213 Bec

d. First Trial - Work Done vs Energy Absorption Capacity.

T/T = 0.062/0.213 = 0.291

CR = Rm/B = 3o4/562 0.54

tm/T = 1.35 (fig. 5.29), tm = 1.35(0.062) = 0.084 sec

The original load-time curve should be revised to obtain a closer ap-

proximation to the total impulse up to time tm. The impulse up to

t = 0.10 sec in figure 7.60 is H = 1.167 psi-sec (obtained by graphical

integration).

T = 2H/B = 2(1.167)/25.3 = 0.0923 sec

T/Tn = 0.0923/0.213 = 0.437

tm/T = 1.2 (fig. 5.29), tm = 1.2(0.0923) = 0.111 sec

Try again for impulse up to t = 0.12 sec

H = 1.214 psi-sec, T = 2(l.214)/25.3 = 0.096 sec, T/Tn

= 0.096/0.213 = 0.45

tm/T = 1.2 (fig. 5.29), tm = 1.2(0.096) = 0.115 sec; OK

Cw = 0.71 (fig. 5.27)

HE (T,22  (562) 2(-0.096)2
= == 8(4--.r- - = 86.5 ft-kips

Wm = CwWp = 0.71(86.5) = 61.5 ft-kips

E = R(xm - 0.5xe) = 304 [0.498 - 0.5(0.083)] = 139 ft-kips

Since E >> W a new trial should be made.

e. Second Trial - Actual Properties. Since E >> W , the inter-

mediate value of energy for use in determining the second trial Rm is ob-

tained as follows:

o.5(wM + E) .5(61.5 + 139)1ok
im x R ' .98 = 201 kips

Required M c 2 = 436 kip-ft
r D - 2n = 203)
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Use same column constants as above and substitute into equation(4-32)

436(12) = o.o15(12)t(52)(t - 4.5) + 284 5o.t - 1.7(12)3.9

9.35t - 42t + 142t - 1015 - 5240 = 0

t = 21 in., try b = 12 in., t = 20 in.

O.015(12)20(52)(20 - 4.5) + 284 01 284 9]MD12 1+ 1 0 1- 7(12)3.91

= 242 + 152 = 394 kip-ft

d"/d = 2.25A(20 - 2.25) = 0.127
For p =p' =0.015 and n = 10

m = np + (n - 1)p' = 0.15 + 9(0.015) = o.285
q = np + (n - 1)p d"/d = 0.15 + 9(0.015)0.127 = 0.167
k = 0.36 (table 11 RCDH of ACI)

t bd3[ + (n - 1)p' k2 - 2k + )2 + np(1 - k)2]

= 12(17.75)3[3 + 9(0.015) 1(0.36)2 2(0.36)(0.127) +

S(0.127 )2 1 + 0.15(1 - 0.36)2]

it = 67,200(0.845) = 5680oin. 4

Ig = bt 3 /12 = (203) = 8000 in. 4

Is = 0.5(Ig + It) = 6840 in. 4

k-= 12EIn _ 12(3)103(6840)3 = 1590 kips/ft
h3 (14.75)3144

Rm = 2nMD 2(3)394 - 182 kipsm h - 13.0C

xe = Rm/k = 182/1590 = ).114 ft
xm = xe = 6xe = 6(0.114) = 0.684 ft (par. 6-26)

T = 2of7ik = 6.28T.2727/1590 = 0.322 sec

f. Second Trial - Work Done vs Energy Absorption Capacity.

T/T = .096/o.322 = 0.298

CR = Rm/B = 182/562 = 0.324

tm/T = 1.8 (fig. 5.29), tm = 1.8(0.096) = 0.173 sec
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Ihe value of t exceeds the value of t = 0.12 sec for which the valuem
of T = 0.096 was obtained. The idealized load-time curve should be revised

to approximate more closely the total impulse up to tm. The total impulse

up to t = 0.20 sec (fig. 7.60) is H = 1.374 psi-sec (obtained by graphical

integration).

T = 2H/B = 2(1.374)/25.3 = 0.109 sec

T/Tn = 0.109/0.322 = 0.338

tm/T = 1.75 (fig. 5.29), tm = 1.75(0.109) = 0.191 sec; OK

CW = 0.83 (fig. 5.27)

2 =E= (562)2(0109)2
Wp H •= 2m = . 111.0 ft-kips

Wm = CwWP= 0.83(111.0) = 92.1 ft-kips

E Rm(xm - 0.Sxe) = 182 [0.684 - 0.5(0.114)] = 114 ft-kips

2.44' - E is slightly greater than W and another

71- -- -trial might be made. It is desirable, however,

17.56" 
20 to be conservative in the preliminary design be-

15.121 j cause simplifying assumptions are used (par.

7-44). Therefore the 12 by 20 column is selected

as the preliminary design and an actual column

12" section is selected to establish the column

plastic bending moment for use in the girder design that follows in

paragraph 7-43.

= 2.44 in., d =17.56 in., d' = 15.12 in., 3 #9 bars,

A = A' =3 in. 2

s s

MD = Asfdd' + PD 0.5t - 1.7(b)fd ]

3(52)15.12 1284 -1 284 9] 197 + 237 - 84.5 =350 kip-ft= 12 12• 1.7("12)3.9

7-43 DESIGN OF ROOF GIRDER. The frame of this building consists of three

rectangular columns supporting a rectangular girder which forms a tee beam

with the roof slab. The roof girder is designed to resist the combined

vertical loads on the roof and the lateral loads on the frame as explained
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in paragraph 7-11. Since this manual provides a technique for han ling

only single-span elements, the continuous girder is designed to wi lhstand

vertical loads as a beam fixed at the interior support and pinned at the

exterior support.

Although the other structural elements of this building are permitted

to deflect plastically, the girder should be designed to behave elastically

so that proper restraint is maintained for the column throughout the de-

flection history of the frame.

The design bending moment of

the girder is the sum of the moments

at the fixed support due to (1) the

roof slab dynamic reactions, (2) the

static loads, and (3) the frame ac- 20' 0" 20-0"

tion. The moment due to frame ac-

tion in a two-bay frame is equal to

one-half the column plastic moment 20,0'

* (par. 7-11).

The girder is designed as a tee beam in the region of positive mo-

ment. In the region of negative moment near the interior support the girder

is of rectangular section. This results in a girder of variable moment of

inertia for which there are special expressions for RmP Ym' and k1 (par.
6 -21a and table 6.4).

a. Loading. The critical frame girder loading results from the

blast wave traveling parallel to the girder. Since the girder is parallel

to the short side of the building the appropriate roof loading is from the

Zone 3 condition. For Zone 3 loading the time variation of the local roof

overpressure varies continuously from front to back of the building.

To obtain the true variation of slab dynamic reaction on the girder

would be a tedious task as well as unjustified in the light of all the pos-

sible inaccuracies. In this example a conservative loading based on the

incident overpressure curve (fig. 7.57) is used as the basis for the slab

load in determining the girder load. This is warranted because in general

the slab reaches its maximum displacement before the vortex action in

0 Zone 3 has an opportunity to reduce the incident overpressure to the local
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* roof overpressure (see pars. 7-23 and 7-25 and table 7.5).

The girder load is determined from the slab dynamic reactions for in-

cident overpressure with the blast wave traveling parallel to the girder.

Plotting from table 7.25 the same variation of dynamic reaction at the

front and rear ends of the girder and averaging 8 - 24.4kiP,/,,

the total load on the girder gives the variation

of average girder load from one slab in figure
7.65. The preliminary design load is obtained by L

idealizing the load-time curve in figure 7.65 and

multiplying by two to account for the two slabs TO0.2S

loading the girder. The idealized load is Tim* (sec)

B = 12.2(2) = 24.4 kips/ft

T = 0.032 sec

b. Elastic Range Dynamic Design Factors. (Refer to table 6.4.)

KL = 0.58, KM = O.45, KIM = 0.78

k = f 3EII/L3 (fig. 6.29)

Rm = flMps/L (fig. 6.27)

M = (fig. 6.28)

Mn = RL/f 1 (fig. 6.27)

V1 = 0.26R + 0.12P

V2 = o.43R + O.19P

c. Mass Computation.

Slab and roofing [7.75(150) +6.018(44.25) 41.0 kips
12 1000(2)

Girder (estimate) = i(1 2512(100 = 13.5 kips
(estiate) (12)12(i10&00

Total ma 41.0 + 13.5 = 1.69 kip-sec 2/ftTotal ass = 32.2 =

d. First Trial - Actual Properties.

Estimate tee beam action for first trial,

fl = 9, f 2 = 0.67, f 3 = 240

Assume D.L.F. = 1.5 (experience)

Rm = D.L.F.(B) = 1.5(24.4)(20) = 732 kips

177



EM 1110-345-417 7-43d
15 Jan 58

Moment in girder at interior support (fixed support) due to static

loads

M = WI/8 = (41.0 + 13.5)20/8 = 136 kip-ft

Moment in girder at midspan due to static load

M = 91WL/128 = 9(54.5)2o/128 = 77 kip-ft

Moment from column

M = O.5Mp = 0.5(350) = 175 kip-ft (par. 7-42f)

Moment resistance required for vertical blast loads

M = RmL/9 = 732(20)/9 = 1630 ki4-ft

The total moment resistance required

1630 + 175 + 136 = 1941 kip-ft

p bd 2  .fdc) (eq 4.
MP = Pfd l 1- 74.16)

Assume p = 0.015

M, = o.o15(52)bd2 0.015(52)1 = - 68d2 = 1941(12)
= 0.15(5)bd - 1. 70U9)

= 23,300 kip-in.

If b = 20 in.,, d = 41.2 in.; try h = 45 in., d = 41.5 in.

From figure 6.28 estimate f2 = 0.67 (from experience)

Midspan moment = 0.67(1630) + 0 + 77

"= 1090 + 77 = 1167 kip-ft
45.,1 Ratio of midspan tension reinforcement

2.2 . jJ to interior support tension reinforcement is

6No9 LI...... 1167 = 0.60.

Effective Section at Interior Support
Rectangular section at fixed support

827 np= 10(12)/20(41.5) = 0.1445
l 4..9. np' 10(6)/20(41.5) = 0.0722

5Ig 20(45)3/12 = 152,000 in.

42.75 37" m =np + (n - 1)p'

I = 0.1445 + a2 (0.0722) = 0.2095
....7 NO.9 10

q- np+ (n- 1)P d

Effective Section ot Midpon = 0.1445+(0.0722) 17. 015
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kd = 0.38(41.5) = 15.7

It : 20(15.7)3/3 + 9(6)(13.45)2 + 12.0(10)(25.8)2

19,350 + 9750 + 80,000 = 109,000 in. 4

I= (1g + It)0.5 = 130,000 in. 4

Tee section at midspan

np = 10(7)/82(42.75) = 0.0200

np' = 10(4)/82(42.75) = O.0114

y= 82(775)2 + 20(37.25) = 13- 0 =8.45 in.

18= 82(7.75)3+ 20(37.25 )3 1380(8.45)2

3 3

- 12,700 + 345,000 - 98,500 = 250,200 in. 4

m = np + (n - 1)p' = 0.0200 + 0.9(0.0114) = 0.0303
0.(0014)2.25 = 0.0205

q = np + (n - l)p' - = 0.0200 + 0.9(0.0114)

k = 0.18 (table 11 RCDH of ACI), kd = (0.18)(42.75) = 7.7 in.

It 82(77 )3 + 9(4)(7.7 - 2.25)2 + 10(7)(42.75 - 7.7)2

= 12,500 + 1070 + 86,000 = 99,570 in. 4

12 = 0.5(I + It) = 179,400 in. 4

1i/12 = 130,000/179,400 = 0.725

f = 8.85 (fig. 6.27)

f2 = 0.66 (fig. 6.28)

f3 = 235 (fig. 6.29)

f 3EIl 235(3)103(130,000) = 79,500 kips/ft

1 L (2o)3144

At the interior support

Mp= pfdbd2 (1 - 1.7fd (eq 4.16)

O 0.1445(52)20(41"5)21 j- 0.01445(52 1910 kip-ft
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Tn- 2,v4 --i= 6.28 10.78(1.69) = 0.0256 sec79,500

T/T = 0.032/0.0256 = 1.25

D.L.F. = 1.18 )
t/T r = 1.3 1 (fig. 5.21)

tm = 1.3(0.032) = 0.0417 sec

The idealized loading is a satisfactory approximation for the loading

in figure 7.65.

Required R = 1.18(24.4)20 = 575 kips

The available resisting moment at the interior support for vertical

blast loads is

M = 1910 - 136 - 197 = 1577 kip-ft

The available resistance is

RIM = flMPs/L = 8.9(1577)/20 = 700 kip-ft

The available Rim is greater than the required R l. Another trial

will be made by reducing the amount of reinforcing steel. Reducing the

steel required by the ratio of the resistance calculated above

Use 10 #9 tension bars; As = (575/700)(12) = 9.85 in.2

p = (10)/20(41.5) = 0.01205

0.01205(52)20(41.5)2 r 0.01205(52) 1635 kip-ft
Mp= 12 [ 1.7=639) kp=

Assuming no substantial change in Ii/I2 and Tn the available resist-

ance is R = 8.9(1635 - 197 - 136)/20 = 580 kips - 575 kips

e. Second Trial - Actual Properties.

Rectangular section at fixed support

np = 10(10)/20(41.5) = 0.1205

np' = 10(6)/20(41.5) = 0.0702

I = 152,000 in. 4

g

m = np + (n - 1)p' = 0.1205 + -0 (0.0702) = 0.184

q = np + (n - 1)p' =0.1205 + (0.0702) 2.25 -.124

d 10 77

k = 0.35 (table 11 RCDH of ACl)

kd = 0.35(41.5) = 14.5 in.
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it = 2 3(14.5)3 + 9(6)(12.25)2 + iO(lo)(27.o)2t3+

= 20,300 + 8100 + 73,000 = 101,400 in. 4

I1 = 0.5(Ig + It) = 126,000 in. 4

Tce section at midspan

The tension steel at midspan = 0.6(10) = 6 bars (par. 7-43d)

np = 10(6)/82 (42.75) = 0.0171

np' = 10(3)/82 (42.75) = 0.00855

m = np + (n - l)p' = 0.0171 + 0.9(0.00855) = 0.0248

q=np + (n - 1)p' .- = 0.0171 + 0.9(0.00855) 2 = 0.0175

k = 0.165 (table 11 RCDH of ACI)

kd = 0.165(42.75) = 7.06 in.

It= 81,300 in.4, Is = 259,200 in.4, Ia = (Ig + It)0.5 = 170,200 in.4

I1/I2 = 126,700/170,200 = 0.74

fl = 8.8 (fig. 6.27)

f2 = 0.655 (fig. 6.28)

f3 = 232 (fig. 6.29)

f f 3EI 1  (232)3(10)3126'700 = , kips/ftkl = 0 (20)314 79,0 isf

Tn = 2 k - 6.28 781"69,0 = 0.0257 sec

Tr/T = 0.032/0.0257 = 1.25

D.L.F. = 1.18 (fig. 5.21)

Required Rm = 1.18(24.4)(20) = 575 kips

f. Preliminary Design for Bond Stress.

Estimated Vmax = 0.62Rm = 0.62(575) = 356 kips

Allowable u = 0.15fc' = 0.15(3000) = 450 psi (par. 4-09)

VZo 8(356=000= 22.0 in.uo jd• 450M741-5

A = 10 #9 bars in two rows, A = 10 in. 2

5 S

>Xo = 35.4 in., p = As/bd = 20(1.5 001205
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g. Determination of Maximum Deflection and Dynamic Reactions oy
Numerical Integration. Since the trial size may be used directly without
modification reference is made to the previous computations for pertinent

data.

Revised girder weight = 20(37.25.(20)150
Rm 12(12)1000

= 15.6 kips

_570 41.0 + 15.6 _2
, , 0. 00072Total mass = 32.2 1.76 kip-sec /ft

79,000kips/ft
"• ~WL

M/mStatic load girder moment15.62

---MaximumDefection (41.o + 15.6)20= 142 kip-ft
yoe

Deflection, y(ft) Maximum girder resistance in elastic

Figure 7.66. Resistance range Rlm = 8.8(1635 - 142 - 197)
function for girder

spanning 20 ft 570 kips

R im 570
Ye =kI 79,000 0.0072 ft

The basic equation for the numerical integration in table 7.20 is

Yn + 1 = Yn(At)2 + 2Yn _ Yn - 1 (table 5.3) where

( 2  (P n - R()(t)2  
- Rn )(0.0025) 2

n KLM(m) -KI2(m)

2 (t) 2  Pn - Rn)(6.25)(0- 6 ) -6
- 0.78(i.76) -4.55 (10 ')(Pn - Rn) ft, elastic

range

The time interval At = 0.0025 sec is approximately Tn/10 = 0.00257

sec (par. 5-08).

The dynamic reaction equations are listed in paragraph 7-43b. The

nP values for the second column are obtained from figure 7.65, multiplying

by 2 x 20 to account for the 20-ft span and the two slabs loading the

girder.

The maximum deflection computed in table 7.26 is (Yn)max = 0.0069 ft.

This is less than, but close to, the specified maximum Apflection,

Ye = 0.0072 ft. The design is satisfactory.
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Table 7.26. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder

n n n tYn Vin V2n

(sec) (kips) (kips) (kips) (ft) (ft) (kips) (kips)

0 0 0 4.4 o.ooo0020 0 0 0
0.0025 28.0 1.6 26.4 0.000120 0.000020 4 6
0.0050 56.0 12.6 43.4 0.000197 0.000160 30 16
0.0075 96.0 39.3 56.7 0.000258 0.000k97 22 35
0.0100 136.0 86.3 49.7 0.000226 0.001092 39 63
0.0125 192.0 151.1 40.9 o.o0o186 0.001913 62 102
0.0150 256.0 230.7 25.3 0.000115 0.002920 91 148
0.0175 312.0 319.3 -7.3 -0.000033 0.00o442 120 197
0.0200 360.0 402.2 -42.2 -0.000192 0.005091 148 241
0.0225 406.O 469.9 -61.9 -0.000282 0.005948 171 280
0.0250 436.0 515.3 -79.3 -,0.000361 0.0o6523 186 304
0.0275 460.0 532.2 -72.2 -0.000328 0.006737 194 316
0.0300 472.0 523.2 -51.2 -0.000233 0.006623 193 315
0.0325 480.0 495.8 -15.8 -0.000072 0.006276 186 304
0.0350 484.0 4W2.7 21.3 0.000097 0.005857 178 291
0.0375 4W8.0 437.3 50.7 0.000231 o.oo5535 172 281
o.0-400 488.0 430.1 57.9 0.000263 o.oo5444 170 278
0.0425 488.0 443.7 44.1 0.000202 0.005616 174 284
o.o450 488.0 473.2 MA.8 0.000067 0.005990 182 296
0.0475 488.0 508.0 -420.0 -0.O.0091 0.006431 191 3U
0.0500 488.0 535.7 -47.7 -0.000217 0.006781 198 323
0.0525 488.0 546.2 -58.2 -0.000265 0.00691 201 328

1_ 1_ 1_ 1_ 1 0.006782 1

( (n)max = o.oo69 ft.

h. Shear and Bond Strength.

For interior support end of girder (fixed end of idealized girder)

V = 328 kips (table 7.26)nmax

For no shear reinforcement, allowable v = 0.04fc + 5000p (eq 4.24)
y c

v = 0.04(3000) + 5000(0.01205) = 120 + 61 = 181 psi
8v 828001=452 psi

v = - 7(20)41.5

Shear reinforcement required for 452 - 181 = 271 psi

Contribution of shear reinforcement to allowable shear strez:• = rf
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271 =.00677

Try 4 #4., A = 0.80 in. 2

S

A Mr =s = 08= T7 0.00677, .. s = 5.9 in., use s = 6 in.
r bs 20(s)

For exterior support end of girder (pinned end of idealized girder)
V = 201 kips (table 7.26)

v = o.o4(3000) + 5000(0.00171) = 120 + 9 = 129 psi

8v 8(2014OO
v -- = 268 psi

Shear reinforcement required for 268 - 129 139 psi

r = = 0.00347

ry 4 #4, As = 0.80 in. 2

A S MAs 0.80 0
r =Es =2 = 0.00347; .. s = 11.5 in., use s = 11 in.

Bond

8v 8(201o000) =
u - 7 7od- 7 (21.3)42. 7 5 =252 psi

Allowable u = 0.15f, = 0.15(3000) = 450 psi; OK
C

i. Summary.

Girder 20-in. X 4 5-in. tee beam

7-44 FINAL DESIGN OF COLUMN. This column design for plastic behavior was

begun in paragraph 7-42. The calculations which follow .Ilustrate the

steps which are needed to determine the adequacy of the preliminary design.

The primary objective is the calculation of the lateral displacement of the

top of the column as a function of time by a numerical integration.

In the preliminary design of the column some of the factors which

affect the maximum deflection of the column are neglected to simplify the

computations. These factors which are now considered are: the variation

of plastic hinge moment with direct stress, the variation of column re-

sistance with lateral deflection, the effect of girder flexibility on the

stiffness of the frame, the difference between the load on the wall slab,

and the dynamic reactions from the wall which are used as the lateral design

load for the frame columns. 184
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Reference should be made to the preliminary design in paragraph 7-42.

a. Mass Computation.

Roof slab = 82.0 kips (par. 7-42b)

Girder stem = 3425(20)(41067)50 = 29.8 kips
12(12)1000

Columns = 12(12)100:50 = 9.75 kips

12(12)1000

Walls = 74.8 kips (par. 7-42b)

Mass of single-degree-of-freedom system = total roof +

1 (columns + walls) 82.0 + 29.8 + 0.33(9.75 + 74.8)
s w s 32.2

= 4.35 kip-sec2 /ft

b. Column Properties. (See par. 7-42h.)

b = 12 in., t = 20 in., d = 17.56 in.

= 15.12 in., d" = 2.44 in., As = A' = 3 in. 2 p = 0142

MD= Asfdyd' + PD .t - 1.7bfc] (eq 4.32)

" 3(52)(15.12) PD[ PD 9
12 + PD 110 - 1.7(12)3.9

mD = 196.6 + o.83PD - 0.O0105PD2

c. Effect of Girder Flexibility. Consideration of the relative

flexibility of the girders generally results in a value of the frame elastic

spring constant k which is less than the value obtained for infinitely

stiff girders in the preliminary design (par. 7-08). To obtain this re-

vised value a simple sidesway analysis of the frame is made. From the

sidesway analysis k is the magnitude of the lateral load required to

cause unit displacement.

The elastic sidesway analysis (the results of which are shown in

figure 7.67) is performed for initial column moments of -1000 kip-ft at top

and bottom of each column. This is equivalent to a lateral displacement of

the top of the column.

(F.E.M.)h 1000(14.63 )2144 0.249 ft
6EI 6(30)103(6890)

185
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From figure 7.67
-950 L-'io° L 950 R zM 2(950+ 275 + 1000)

LL 0 -

0" O : 400 kips1-•47o0 1.470 .470
0 Lk R 400

-975 -1000 -975

47;, 4 •= 1600 kips/ft
2 ot 26 - 40'

In this example the girders

Figure 7.67. Sidesway analysis by are relatively stiff and there

moment distribution is no significant reduction in

spring constants (par. 7-42e).

d. Loading. The Fn column of the numerical integration analysis

(table 7.27) is obtained from figure 7.68. The first part of figure 7.68

Table 7.27. Determination of Column Adequacy

P P
P (P %/h, MD Rm F R h n 2n n h n (&t? X

t ~roof 3 ~D~n n n MD R F n x l

(sec) (psi) (kips) (kips/ft) (kips/ft) (kips) (kips) (kips) (kips) (kips) (ft) (ft)

0 0 37.3 8.8 125 0 0 62.5 0.00144 0
0.01 2.90 148.1 34.9 355 2.3 0.1 352.8 0.00811 O.0O144
0.02 5.80 259.0 60.9 386 17.6 0.7 369.1 O.00849 0.01099
0.03 8.70 369.9 87.0 366 46.4 2.5 322.1 O.0074o0 0.02903
0.04 8.30 354.6 83.4 358.9 168.9 355 87.2 4.5 272.3 0.00626 O.05147
0.05 7.90 339.3 79.8 357.3 168.1 282 137.9 6.9 151.0 0.00347 0.08617
0.06 7.51 324.4 76.3 355.4 167.2 145 167.2 9.3 -12.9 -0.00030 0.12134
0.07 7.15 310.6 73.1 353.1 166.2 100 166.2 11.4 -54.8 -0.00126 0.15621
0.08 6.84 298.8 70.3 350.9 165.1 55 165.1 13.3 -96.8 -0.00222 0.18982
0.09 6.53 286.9 67.5 348.3 163.9 54 163.9 14.9 -95.0 -0.00218 0.22121
0.10 6.26 276.6 65.1 345.9 162.8 52 162.8 16.3 -94.5 -0.00217 0.25042
0.11 6.00 266.7 62.7 343.3 161.6 51 161.6 17.4 -93.2 -0.00214 0.27746
0.12 5.76 257.5 60.6 340.7 160.3 50 160.3 18.3 -92.0 -0.00211 0.30236
0.13 5.52 248.3 58.4 338.0 159.1 49 159.1 19.0 -91.1 -0.00209 0.32515
0.14 5.30 239.9 56.4 335.3 157.8 47 157.8 19.5 -91.3 -0.00210 0.34585
0.15 5.11 232.6 54.7 332.9 156.7 46 156.7 19.9 -90.8 -0.00209 0.36445
0.16 4.92 225.4 53.0 330.4 155.5 45 155.5 20.2 -90.3 -0.00208 0.38096
0.17 4.74 218.5 51.4 327.9 154.3 44 154.3 20.3 -90.0 -0.00207 0.39539
0.18 4.58 212.4 50.0 325.5 153.2 43 153.2 20.4 -89.8 -0.00206 0.40775
0.19 4.44 207.0 48.7 323.4 152.2 41 152.2 20.4 -90.8 -0.00209 0.41805
o.2o 4.31 202.1 47.5 321.4 151.2 40 151.2 20.2 -91.0 -0.00209 0.42626
0.21 4.18 197.1 46.4 319.4 150.3 38 150.3 20.1 -92.2 -0.00212 0.43238
0.22 4.06 192.5 45.3 317.5 149.4 36 149.4 19.8 -93.6 -0.00215 0.43638
0.23 3.94 187.9 14.2 315.5 148.5 34 148.5 19-4 -95.1 -0.00219 0.43823*
0.24 3.81 182.9 43.0 313.3 147.4 32 147.4 0.43789
0.25 3.70 178.7 42.0 311.4 146.5 30 146.5

* x =0.44 ft.
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is based on Vln dynamic reaction column of the wall slab analysis (table

7.23). The dynamic reactions for a one-foot width of wall are multiplied

by 18, the width of one frame bay.

The portion of the curve after t = 0.045 sec is based on the net

lateral overpressure curve (fig. 7.60). Here the values of Fn are obtained

from
14/4(18)8.56 - = 22.2P kips

Fn 1000 Pnet net

where Pet is in psi. The dimension 8& 56 is equal to one-half the front

wall clear span plus the roof slab thickness, 1/2 (15.82) + 0.65 = 8.56 ft.

e. Numerical Integration Computation to Determine Column Adequacy.

The total vertical load P is obtained by multiplying the average roof

overpressure (fig. 7.61) by

(44.25)(18)144 = 115
1000

and adding the dead weight of the roof system (112 kips). The (PD)n values

are the average axial column loads and are obtained by dividing the total

vertical load by 3, the number of columns. The (PD)n column is used in the

formula of paragraph 7-44b to obtain the value of (MD)n. The value of

(MD)n is used in turn to obtain the maximum resistance at any time from the

relation
(Rm) 2n(MD)n -2(0)(MV)n= .7M

m n h - 12.75 0"47(MD)nc

Rn is equal to kxn = 1600xn in the elastic range. In the plastic

range the limiting value of R is Rm. The expression (Pnxn)/hc indicates

the decrease in resistance corresponding to the increase in moment re-

sulting from the eccentric loading.

The basic equation for the numerical integration analysis in table

7.21 is

X 1 =x(At)2 + 2xn -_ x (table 5.3)
n+ i n. n-

where
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P x P xl
)-2R + nn n 2 _R + 2

n = m ( = 435(0.01)

= 2.3(10"5) [Fn - Rn + h R (xn]
c

The time interval At = 0.01 sec used in table 7.27 is less than one-

tenth the natural period, Tn = 2nV-•7i = 6.2844.35/1600 = 0.327 sec.

At = 0.01 < 0327 = 0.0327 (par. 5-08) in order to provide a more faithful10=

representation of the load curve (fig. 7.68). The allowable maximum

displacement R 6 2 = 0.627 ft (par. 7- 4 2c and table 7.21). Thediplceen = k = 600~

computed maximum displacement = 0.44. Thus the design C3 = 6 o0.--- = 4.2.

The design is satisfactory.

f. Shear and Bond Stress.
1 167.2

Vmax = 3 = 55.7 kips (table 7.27)

For no- shear reinforcement

Allowable vy = O.04f' + 5000p (eq 4.24)
y c

v = 0.04(3000) + 5000(0.0142) = 120 + 71 = 191 psi
8v 8(5547oo0

v = Td- = 7(12)(17.569) = 303 psi

Shear reinforcement required for 303 - 191 = 112 psi

Try 1 #4, As = 0.20 in. 2

112 = 0.0028
r = o 00 0

AAs 0.20
bs = 0.0028 s = 5.95 in., use s = 6 in.

o= 8.9 in.

u 550) =407 psiu=7(b.9)17.56

Allowable u = 0.15fc = 0.15(3000) = 450 psi > 407 psi; OK

NUMERICAL EXAMPLE, DESIGN OF A ONE-STORY REINFORCED-CONCRETE FRAME
BUILDIfl--EIASTIC AND EIASTO-PIASTIC BEHAVIOR

7-45 GENERAL. This numerical example presents the design of a typical bay

of a windowless, one-story, reinforced-concrete rigid-frame building in
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which the primary elements are
54'-0"

3'- permitted to deflect elasti-

_,c•ally and the others to deflect
:,-9" o 2 -6" -6" into the elasto-plastic region.

-7,'6'
The example includes the design

"of a typical wall slab, roof
0 - 16'-0" 16'- " -=- 1'0Cross Section slab, girder, and column.

6@-1'-o" • 108'-o' The building consists of

reinforced-concrete rigid
"o. frames and reinforced-concrete

wall and roof slabs. The wall

o _ slab is a one-way slab span-

ning vertically, supported at

S. . .. the bottom by the wall footing

Pion which is integral with the

foundation, and at the top by
Figure 7.69. Plan and section of builditzg the roof slab. The roof slab

is also a one-way slab spanning continuously over the reinforced-concrete

frames. The roof girders are tee beams formed by the roof slab and a rec-

tangular girder stem. The columns are rectangular tied columns symmetri-

cally reinforced in the strong direction.

7-46 DESIGN PROCEDURE. The over-all design procedure illustrated by this

example is essentially the same as the procedure detailed in paragraph 7-29

for the elastic design of a steel rigid-frame building with reinforced con-

crete walls and roof.

7-47 LOAD DETERMINATION. The computation of loads is explained in

EM 1110-345-413 and illustrated again in paragraph 7-19 for a one-story

building. In this example the necessary load curves are presented without

explanation or computation. The design overpressure of 10 psi is selected

arbitrarily for this example.

The overpressure vs time curves that are presented are:

(1) Incident overpressure vs time (fig. 7.70)
(2) Front face overpressure vs time (fig. 7.71)
(3) Rear face overpressure vs time (fig. 7.72)
(4) Net lateral overpressure vs time (fig. 7.73)
(5) Average roof overpressure vs time (fig. 7.74)
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7-48 DESIGN OF WALL SLAB. The wall slab is designed by considering an

element one foot wide, spanning vertically between a fixed support at the

foundation and a pinned support at the roof slab. The wall slab is de-

signed to deflect through the elasto-plastic range up to the beginning of

the plastic range. This means that the

design load is expected to cause develop-

ment of plastic hinges first at the fixed

support and then near midspan.

S»This is an example of a design for
1475' L 14 7 5'

which the elasto-plastic design procedure

is used. Another method of design which

could be used utilizes the elastic design

procedure and an artificial maximum re-

"sistance (par. 6 -14e).

The design span length is equal to the clear distance between the

foundation and the roof slab. The dead load stresses are not considered in

a vertical wall.

a. Design Loading. The design load as idealized from the computed

loading shown by figure 7.71 is defined by:

1 53.8kips B = 25.3 psi = 25.3(144)14.75 = 53.8 kips

1000

"T = 0.061 sec
0

T- 0.0~6,1seH BT (53.8)0.061
Time 6sedc BT = 8 = 1.64 kip-sec (par. 6-11)

b. Dynamic Design Factors. (Refer to table 6.1.)

Elastic range:

KL = 0.58, KM = 0.45, KIM = 0.78

8Mps k 185EI
lm' k- L3

V1 =0.26R + 0.12P, V2  0.43R + o.l9P

Elasto-plastic range:

L _=o.64, KM 0o.5o, KM 0.78
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4 384EI

im Lep =5L0

V = 0.39R + 0.11P
Plastic range:

. = o.66

Avcrage values:

KL = 0.5(0.58 + 0.64) = 0.61
M = 0.5(0.45 + 0.50) = 0.47

L =

Rm=-4 (Mp + 2Mpm)

160EI (plastic design, Mps Mpm)

c. First Trial - Actual Properties.

Let = M " =

Assume p = 0.015 at midspan cross section (par. 4-10)

Assume C. = 1.7 (experience)

Rm = CRB = 1.7(53.8) = 91.5 kips

2 ( Pfd-v,

M= pf~bd2 (1- 1.7fdL) (eq 4.16)

= 0.015(52)()d 2  0 - 1552)] 0.688d2 kip-ft (d in inches)= 0"05(52(i 11 - 1.703.9)

_12Mp (12)0.688d 2

Rm = -I- = 14.75 91.5, .. d = 12.75 in.

Try h = 14 in., d = 12.5 in., p = 0.015, np = 0.15

Mp = 0.688(12.5)2 = 107.5 kip-ft
12MP 12(107.5 ) = 87.5 kips

= L - 7  5-=1.75

I = bh 3/J2 = (14.0) 3 = 2740 in. 4

=bd3  + np(l - k) = 12(d) 3 [(0.42)3 + 0.15(1 - 0.42)2]
3 + o.5( -=.L 3

= 0.905d3 = 0.905(12.5)3 - 1770 in. 4

Ia = 0.5(Ig + It) = 0.5(2740 + 1770) = 2255 in. 4

= 16oEi = (16o)3(1O)32255 = 2340 kips/ft
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87 - 0.0374 ft
YE- =kE 23-0

Weight = 14(150 (1&"75) - 2.58 kips

Mass m = 2 = 0.08 kip-sec2 /ft

kl =-85 kE = 1.155(2340) = 2700 kips/ft

kep = 5(160) kE = o.48(234o) = 1120 kips/ft

8MP 8( 1 0 7 .5 = 58.3kips
-L - 1.75 5

Rlm 58.3 0.0216 ft
Ye k - 2700 -

Rm -Rlm 87.5 - 58.3 =.0476 ft

Ym Yep Ye + k = 1120ep

d. First Trial - Equivalent System Properties.

Rme = KLom = 0.61(87.5) = 53.4 kips (eq 6.12)

He = KLH = 0.61(1.64) = 1.0 kip-sec (eq 6.8)

me = KMm = 0.47(0.08) = 0.0376 kip-sec2 /ft (eq 6.2)

KT2m -06.2088 = 0.0324 secT n 21r -- 6.281 2 30

(H e)2  (10 2
(Pme 2 (6.036) = 13.3 ft-kips (eq 6.10)

e. First Trial-Work Done vs Energy Absorption Capacity.

CT = T/Tn = o.o61/o.0324 = 1.88 -

CR = Rm/B = 87.5/53.8 = 1.63 (eqs 6.15, 6.16)

tJT = 0.26 (fig. 5.29)

t = (0.26)0.061 = 0.016 sec

Idealized load-time curve is satisfactory (fig. 7.71)(par. 5-13)

CW = 0.091 (fig. 5.27)

WM = CWWP = 0.091(13.3) = 1.21 ft-kips (eq 6.17)
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E = 1m(Y, - 0.5Ye) = 53.4 [0.0476 - 0.5(0.0216)]

= 1.96 ft-kips (eq 6.18)

E >> W, therefore the selected proportions are satisfactory as a

preliminary design.

f. Second Trial - Actual Properties.

0.5(+W E
0m.5( + E) 0.5(1.96 + 1.2) 70.5 kips (eq 6.19)

Rm:KL(Ym -0.5e):0.1[0.0476 - 0.5(0.0216)] -

1M 12o882
R =- (12).788 - 7.51 -'. d = 11.2 in.

m -L 14--75,in

Try h = 12.5 in., d = 11.0 in., p = 0.015

Mp = o.688d2 = 0.688(11)2 = 83.3 kip-ft

1MP 12(83.3) 68 kipsRm L = 14-75

g = 1h23 (12.5)3 = 1950 in.4Ig-12==

it = 0.905d3 = 0.905(11.0)3 = 1210 in.4 (k = 0.42)

Ia = 0.5(Ig + It) = 0.5(1950 + 1210) = 1580 in. 4

- 160EI (16o)3(10)3158o = 1640 kips/ftS= L3 - (14.75)3l44 =14 isf

Rm 68
YE - kE - 164 = 0.0415 ft

Weight -12.5(150)(14.75) = kp
(12)1000 23 kips

Mass m 23 = 0.0715 kip-sec 2 /ft32.2

185k, =160-•k = 1.155(1640) = 1890 kips/ft
384

kep -5F1607 kE = 0.48(1640) = 788 kips/ft

R 8Mp 8(83.3) = 45.0 kipsRlm =-i- 14.75

Rim 45
Ye ki 1 89 = 0.0238 ft
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y= = + R -Rim - 68 - 45.0

e ep .0238+0.053 ft

g. Second Trial - Equivalent System Properties.

Rme = KLRm = 0.61(68) = 41.5 kips (eq 6.12)

He= KLH = 0.61(1.64) = 1.0 kip-sec (eq 6.8)

me =Y.ý = 0.47(0.0715) = 0.0336 kip-sec2 /ft (eq 6.2)

2Tn= 27t = 6.28 0.78(0.0715) 0.0366 sec-yý 1040

(He) 2  .o12
Wp ( - 2 = 14.9 ft-kips (eq 6.10)

e

h. Work Done vs Energy Absorption Capacity.

CT = T/Tn = 0.061/0.0366 = 1.67

CR = Rm/B = 68/53.8 = 1.26 (eqs 6.15, 6.16)

tm/T = 0.34 (fig. 5.29)

t = (0.34)o.o61 = 0.0207 sec

Idealized load-time curve is satisfactory (fig. 7.71)

CW = 0.118 (fig. 5.27)

W = CwWp = 0.118(14.9) = 1.76 ft-kips (eq 6.17)

E = Rme(Ym - 0.5ye) = 41.5 [0.053 - 0.5(0.0238)] = 1.71 ft-kips (eq6.18)

E W., therefore the selected proportions are not satisfactory as a pre-
liminary design.

i. Preliminary Design for Bond Stress.

At bottom of wall (at fixed end of idealized slab)
This section has smaller d than at midspan therefore p > 0.015.

From equation 4.16 for d = 10 in. and Mp = 83.3 kip-ft, required p 0.0184 .

Outside Face Estimated V = 1/2 R
2," 2"Cover. No.8 Outside Face No.8 = 1/2 (68) = 34 kips25 ) ' / I I /

"w . I , ,.I Allowable u = 0.15f'

Section at Base Section at 1ih, .25 = 450 Psi (par. 4-09)a
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Eo=dV 8(34,00) = 8.65 in.

Try #8 at 4-1/4 in., As = 2.23 in. 2 /ft, Zo = 8.9 in./ft
AA s 2.23b -d = 12-(10) = 0.0186

At top of wall (at pinned end of idealized slab)

Estimated Vma = 1/3 Rm = 1/3 (68) = 23 kips

0=8 (23 4000 L=5 n
S= 450(7)11.25 = 5.2 in.

Bond stress is not critical

Try #8 at 4-1/4 in., As = 2.23 in. 2 , Eo = 8.9 in.
AA 2.23
bd 11.25(12) = 0

J. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

SpfYbd2  --(-= 0.0165(52)(1)(11.25 )2 1 - 0(.065)52

= 94.5 kip-ft (eq 4.16)

S= o.0186(52)1(10)2 [1 0.0186(52) 82.6 kip-ft- 1.70(3.9) =8.6kpf

Ig = bh 3/12 = (12.5)3 = 1950 in. 4

3 bd 3  + np(l - Q)2] = 12(11-25 )3 + 0.148(1 - 0.42) 2]

= 1290 in.4 4

Ia = 0-5(Ig + It) = 0.5(1950 + 1290) = 1620 in.

Weight = 125(150)1475 - 23 kips
12(1000) = *

Mass m = 32-. = 0.0715 kip-sec2/ft

Elastic range:

R 8s 8(82.§ = 44.8 kips

k 185EI (185)3(10)31620 = 1940 kips/ft
1 L3  - (1b.75)3 244
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Rim 44.8
-e k = 1  = 0.023 ft

Elasto-plastic range:

Rm 4 ( += m) =4[82.6 + (94.5)] 73.5 kipsRm =L =14.75=

kep = 38 = 5(384 k = 806 kips/ft

Rm - Rim 73.5-44.8
Yep = Ye + k = 0.023 + . &44.8 _ 0.058 ft

ep

Effective Resistance" By providing equal areas under the "effec-
SRm= 73.5

Rm" ~tive resistance" line and the computed elasto-

R,=44.8
; /--1It " k,--i94Okips/ft plastic resistance line, YE = 0.043 ft (fig. 7.75)

1 kE 171OkipS/ftkill IM 73.5
g '1 I E= k.p8 O6 kips/ft k _ m 7 = 1710 kips/ftYE "- 0.4ye, =0.023 f t

7-• • O.058ft Kle _ 8
Ye YE YOP Tn = 21f= 6. 28 17_015

Deflection, y (ft) n k 6 17 1100'

Fi~ire 7.75. Resistance fnc- = 0.0358 sec
tion for 12 -1' 2 -in. slab span-

ning 14.75 ft, fixed at one The basic equation for the numerical in-
support, pinned at 2

other support tegration in table 7.28 is Yn + 1 = Yn(At) +

2yn n - 1 (table 5.3) where

Yn(At)
2  (Pn - Rn)(Lt)

2

Yn(At) = KIM(m)

(Pn - Rn)(0"003)2 -4
Yn(At) 2 = 0. .0715 - =1.62(0o (P- Rn) ft, elastic range

•n(At) -P Rn)(0"O03) 2

2 n- 0.78(0.0715) =1.62(10)-4(Pn - Rn) ft, elasto-plastic

2 R~0.8 0.0715 n range
Yn(At)2 (Pn - Rn)( 03)2 1907(10) 4 (P R ft plastic range

, - 0.66(0.0715) = .n

The time interval At = 0.003 sec is less than Tn/10 = 0.00358 sec(par.5-0 8 ).

The dynamic reaction equations are listed in paragraph 7-48b. The Pn values

for the second column are obtained from figure 7.71, multiplying by

144(14.75)/1000 = 2.12.
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Table 7.28. Determination of Maximum Deflection and Dynaaic Reactions
for Front Fall Slab

t P R P -R •(At) 2  V 2
t Pn n Pn n Yn Vn V2n

(sec) (kips) (kips) (kips) (ft) (ft) (kips) (kips)

0 53.8 0 26.9 0.00436 0 6.5 10.2
0.003 51.2 8.5 42.7 o.0o692 o.o0436 8.3 13.4
o.oo6 48.5 30.3 18.2 0.00295 0.01564 13.7 22.3
0.009 45.9 50.4 -4.5 -0.00073 0.02987 24.7 24.7
o.012 43.2 61.2 -18.0 -0.00292 0.o0337 28.7 28.7
o.o15 4o.6 69.7 -29.1 -o.001471 0.05395 31.7 31.7
0.018 38.0 73.5 -35.5 -0.00677 0.05982* 32.5 32.5
0.021 35.3 73.5 -38.2 -0.Oo728 0.05892 32.1 32.1
0.024 31.8 59.4 0.05074 19.2 31.5

*(Yn)ax - 0.060 ft.

In table 7.28 the maximum computed deflection is (Ynmax = 0.060 ft.

This is slightly more than the specified maximum displacement, yep = 0.054

ft. This is an acceptable difference for blast resistant design.

k. Shear Stress and Bond Strength.

For bottom of wall (fixed end of idealized beam)

Vmx = 32.5 kips (table 7.28)

For no shear reinforcement

v = O.04f' + 50OOP = 0.01(3000) + 5000(0.0186) = 120 + 93
y c

= 213 psi (eq 4.24)
8v 8(32,5oo) l s

v = 2 = (= 310 Psi

Shear reinforcement required for 310 - 213 = 97 psi

Contribution of shear reinforcement to allowable shear stress = rf Y

r = = 0.00242

Try 1#14, As = 0.20 in. 2

As 0.20 = 0.00242; :. s = 9.75 in., use s = 9 in.
r -1 = 72-1/2 s
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For top of wall (pinned end of idealized beam-)

Vmx = 32.5 kips (table 7.28)
Vy= 0.04f' + 50OOp = 0.04(3000) + 5000(0.0o148) = 120 + 74 = 194 psi

V 8v 8(324500L = 275 Psiv = • 7(12)(11.25)
Co nor Dowels Shear reinforcement required for

Conalr. Jit.11. - 4- No.8of9' 275 - 194 = 81 psi

7 5No.3Stir. at 7 81
AtAongWll r 40000 0.002023-" IV Alternating with • , 0

S No. 3Str.at Try 1 #4 A = 0.20 in. 2

- At 9"Alon, Wall s
aSto:red as Shown

-•_ --- z• s _ 0.20
b--e - = 0.00202;

No. eat S4 ,No.8 at 4 " 14!-9

No.8 at9"-No.4, at" .. s = 11.65 in., use s = 11 in.
2

4!- No.4 at 1" Bond•
Y- •"-s5 No. 3 Stir,. at 9'" 8V 8 ,oo
T - At 9"long•Wall 8V-- =OO = 412 psi
!-6" Alternating with 7Zod 7(8.9)10S _ "4No.3Stir.ot 9"

- At 9"olong Wall
stag geed as Showo Allowable u = 0.-15f,

2'-G _rNo. ,o,4 l owels = 0.15(3000)
r- No.n8 at 9"1 = 450 psi > 412 psi; OK

L-- Note: Wall Steel to Hove a4a"Cover Inside

2" Cover Outside 1. summary.
Foundation Steel Not Shown
Slob Steel Not Shown 12-1/2-in. slab

7-49 DESIGN OF ROOF SWAB. The design procedure followed in designing this

roof slab is similar to the design procedure for design of the wall slab in

paragraph 7-48. Consideration is given to the static load stresses in this

case because they reduce the maximum resistance of the slab. Since the

procedures of this manual are

limited to single-span elements,

the slab is designed by considering .,-0"

the behavior of a one-foot-wide

element fixed at both ends and

spanning 18 ft between the frame

centerlines. The slab is permitted L 18.4

to deflect through the elasto-plastcr'
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0range but not into the plastic range (fig. 7.76, page 208).

a. Design Loading. Since the maximum deflection of this slab is

limited to the elasto-plastic region, this maximum deflection occurs in a

very short time (table 7.29, page 208). The rapid response means that the

design load for all slab elements may be based on the incident overpressure

regardless of the direction of motion of the blast wave. Only on the first

few feet from the front edge, for the blast wave moving perpendicular to

the long axis of the building, is the loading reduced by the vortex action

before the slab reaches its maximum deflection (par. 3-08d).

The design load as idealized from the computed

loading shown by figure 7.70 is defined by: 8 25.9 k•I• s

10 pi =10(144)18
B 10 psi - 0 = 25.9 kips1000 o

T-O.38sec

T = 0.38 sec Time (sedc

b. Dynamic Design Factors. (Refer to table 6.1.)0 Elastic range:

M 0-530, K 0. 41, KI= 0.77
12KPk 384EI

Im = -L- 1 L3

V = 0.36R + 0.14Pn n

Elasto-plastic range:

KC- o.64, Im 0o.50., KI= 0.78

16Mp 384EI

ep 5L7

V = 0.39Rn + 0.11Pn

Average values:

KL = 0.5(0.53 + o.64) = 0.58

KM = 0.5(o.41 + 0.50) = 0.455

KIM = 0.5(0.77 + 0.78) = 0.77

Rmf = -.-- (Tictitious maximum resistance)
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k =2 "elastic" effective spring constant
E L4

c. First Trial - Actual Properties.

Assume D.L.F. = 2.0 (experience)

Rmf = D.L.F.(B) = 2.0(25.9) = 51.8 kips (par. 6-11)

Assume p = 0.015

M= pf-b 1(7fic (eq 4.16)

= 0.015(52)(l)d 2  1 - 0.015(52) = 0.688d2 kip-ft (d in inches)

2m2M L =- 182)q.6 - 151.8, .*. d = 7.85 in.

Try h = 9-1/2 in., d = 8-1/4 in., p P 0.015, np = 0.15

Mp = 0.688d2 = 0.688(8.25)2 = 46.9 kip-ft
22MP 22(46.9)

Rmf = 57.3 kips

I = bh 3 /12 (9.5)3 = 857 in. 4

kt :bd 3  _+ np(1 - k)2] 1 12(d)3 [(0"42)3 + 0.15(1 - 0.42)2]

= 0.905d3 = 0.905(8.25)3 = 508 in. 4

Ia = 0.5(Ig + It) = 0.5(857 + 508) = 682 in. 4

= 264EI (264)3(l03)682 : 644 kips/ft
kE- L183(144)

Weight = 9.5(50)+ 6.0] 18 2.25 kips

Mass 2.25 = 0.07 kip-sec2 /ftMassm -32.2

d. First Trial -Equivalent Properties.

Tn = 21c4k /k = 6.28-40. 77(0.07)/644 = 0.0576 sec

e. First Trial - Available Resistance vs Required Resistance.

CT = T/Tn = 0.38/0.0576 = 6.6

D.L.F. = 1.92 (fig. 5.20)

tm/T = 0.08 (fig. 5.20)
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tm = 0.08(0.38) = 0.0304 sec

Required Rmf = D.L.F.(B) = 1.92(25.9) = 49.8 kips < 57.3 kips

The required Rmf < available Rmf, therefore the selected proportions

are satisfactory as a preliminary design.

f. Preliminary Design for Bond Stress.

At tm 0.0304, P = (9.2)144(18) = 23.8 kips (fig. 7.70)1 2s007

V = 0.39Rm + 0.I]P = 0.39(57.3) + 0.11(23.8) = 22.4 + 2.62 =25.02 kips

Allowable u = 0.15fc' = 0.15(3000) = 450 psi (par. 4-09)
vo_2 8(254020' .7in

Zo =•-• = 450(7)(8.25) -7.7 in.

Try #6 at 3-1/2 in., A =1.51 in. 2 , = 8.1 in., h =9.5 in.,

A
ds 1.51 -001

d = 8.37, p - bd - 12(8.37) - 0.0151, . 8.37

np = 10(0.0151) = 0.151 (No..6 Cover,,

g. Determination of Maximum Deflection and Dynamic Reactions by

Numerical Integration.

P= Pfbd-2 (1 . = 0.0153(52)(1)(8"37)2 [ 0-1.7(5.2)

= 49.0 kip-ft (eq 4.16)

I = bh 3 /12 = (9.5)3 = 857 in. 4

k = np2 4 +2np - np = 0.42

It= bd 3 [1- + np(l - k)2] = 0.905d3 = 0.905(8.37)3 = 530 in. 4

Ia = 0.5(1g + It) = 0.5(857 + 530) = 693 in. 4

_ .5_15o__ 18_
Weight = [9.5(150) + 6.0o ] = 2.25 kips

Mass m = 2.25 = 0.07 kip-sec2 /ft

32.2

Elastic range:

Sl2MP - weight -) 2.25 = 32.6 - 2.25 = 30.3 kips

lm =L we
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kI = 3 = 384(3)(10)3693 = 950 kips/ft(18) 3 (14)

e = k 30 = 0.0319 ft

Elasto-plsstic range:

l6MP 16(49)
Rm L weight 1= . 2.25 = 43.5 - 2.25 = 41.2 kips

R2 41.2384EI = 950 kipsft
k ep k5L3  5 kl 5=190

""I nx 30.3

. ' k,. 950 kips/,, 41.2 - 30.3
okE -760 kips/ft + 0=31 +I•0 k.p= lkips$/ft Yep e kep 190

,-.054 f= 0.0319 + 0.057 = 0.089 ft

Ye YE Yep"- Maximum Deflection = = 760 kips/ft
Defloction, y (ft) =E =SL3

Figure 7.76. Resistance R
function for 9-1/2-in. = 41.2 0.054 ft
slab spanning 18 ft YE k 760 = 0

T = 2vL J?/kE = 6.28 0.77(0.07)/760 = 0.053 sec

The basic equation for the numerical integration in table 7.29 is

Yn + 1 = y.n(At) 2 + 2 yn - Yn -1 (table 5.3) where

Table 7.29. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab

t P n R n P n-aP n Yn (&t)2  Yn Vn

(se) (kips) (kips) (kips) (ft) (ft) (kips)

0 25.9 0 12.9 O.0060 0 3.6
0.005 25.6 5.7 19.9 0.0092 0.0060 5.6
0.010 25.2 20.1 5.1 0.0024 0.0212 10.8
0.015 24.9 31.6 -6.7 -0.0031 0.0388 15.1
0.020 24.5 34.4 -9.9 -0.0045 0.0533 16.1
0.025 24.2 36.3 -12 .1 -0.0055 0.3633 16.8
0.030 23.9 37.1 -13.2 -0.0060 0.0678 17-1
0.035 23.5 35.7 -12.2 -0.0057 O.0663 16.1
0.040 23.2 28.8 0.0591 13.6
0.045 22.8 114
0.050 22.5 L 3.1.2 J
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) 2 (Pn - Rn)(Lt)2
=n KIM~m)

2 (P - Rn)(0"005 )2

= n0.77(0.7) 2= 4 "6 38 (l0 -4)(P - Rn) ft, elastic range
•n(t = 0(7Pn0 n nn('01

Y(0t)2  .(P 7)(0.07) = 4.578(10- 4)(PX - Rn) ft, elasto-plastic
n 0.7(0.07 n nrange

The time interval At = 0.005 sec is approximately T n/l0 = 0.0053

(par. 5-08). The dynamic reaction equations are listed in paragraph 7-49b.

The Pn values for the second column are obtained from figure 7.70, multi-

plying by 144(18)/0OO0 = 2.59.

The maximum deflection (Yn)max computed in table 7.29 is 0.0678 ft

which is less than the allowable ym of 0.089 ft.

h. Shear Strength and Bond Stress.

V maX = 17.0 kips (table 7.29)

For no shear reinforcement

Allowable v = 0.04f' + 5000p (eq 4.24)y c
v = o.o4(3000) + 5000(0.0151) = 12o + 76 = 196 psi

8v =193 psi;8OK
-7bd -7(12)(8.37)

No shear reinforcement required

8v 8(17,ooo)
7od 7(8.1)83 87psi

Allowable u = 0.15fc = 0.15(3000) = 450 psi; OK

i. Summary.

9-1/2-in. slab

p = 0.0151

o= 8.1 in.

No shear reinforcement required

7-50 PRFlAINRY DESIGN OF COUJMN. A single-story frame subject to lateral

load behaves essentially as a single-degree-of-freedom system. In determin-

ing the requirement for the columns which are the springs of the system it

is not necessary to use the equivalent system technique otherwise used in

this manual for designing structural elements.
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Combining 
the principles

- 7F n MWof paragraph 6-1i and the equa-

tions from paragraph 7-06 re-

sults in a procedure for pre-

I liminary design. In this pre-S 16' _ 16' 16' _
S... .. .liminary design the girders are

assumed to be infinitely rigid to simplify the analysis.

The column height from the girder centerline to the top of the foot-

ing is 13.75 ft. This dimension is used to determine the spring constant.

The maximum resistance computation is based on the clear column height,

11.83 ft.

a. Design loading. In the preliminary design it is an unnecessary

refinement to use the dynamic reactions from the wall slabs. The design

load is idealized from the net lateral overpressure curve. The height of

wall considered to load the frame is equal to half the clear height of the

wall plus the thickness of the roof slab

h' = 14.75 + 0.79 = 8.16 ft

The design load as idealized from the computed a9.537 kips

loading shown by figure 7.73 is defined by:

0

B = 25.3 psi = 25.3(i)18(8.16) = 537 kips
1000

T - 0.061 sec

T = 0.061 sec Time(sec)

b. Mass Computation.

Roof slab + 6. 18(54) 122 kips

Girder (assumed) 18(32)50.5(150) = 30 kips12(12)1000
4 columns (assumed) 18(30)(1.83)150(4) = 26.6 kips

12 ( 12)(l000)

2 wall slabs 12.5(14.75)150(18)2 = 83.0 kips
12(1000)

Mass of single-degree-of-freedom system = total roof slab + total
1" l 122 + 30 + 0.33(26.6 + 83.0)

girder + - columns + _ walls = 32.2

5.85 kip-sec2 /ft
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c. First Trial - Actual Properties.

Assume D.L.F. = 1.2 (experience)

Rm = D.L.F.(B) = 1.2(537) = 645 kips (par. 6-11)

Required MD = Rmh/2n = 645(11.83)/2(4) = 955 kip-ft

Estimated average roof pressure = 6.4 psi (fig. 7.74)

Average blast load per column = 5100(4) = 224 kips

1Dead load per column = (122 + 30) = 38 kips

Average column design load = PD = 224 + 38 = 262 kips

MD = Asfdyd' + PD (.5t - .Tbfýc) (eq 4.32)

Let p = p' = 0.015, d' = (t - 7.5) in., d" = 3.75 in., b = 18,

A = pbt5

Substituting into previous MD equation and solving for t gives

955(12) = 0.015(18)t(52)(t - 7.5) + 262 .St - 1.7(18)3.9

14.0t 2 + 25.Ot - 12,037 = 0, solving t = 28.4 in.

Try section 18 in. by 28 in., d = 28 - 3.75 = 24.25 in.

Assume d"/d = 3.75/24.25 = 0.155,

m = np + (n - 1)p' = 0.15 + 9(0.015) = 0.285

q = np + (n - 1)p' d"/d = 0.15 + 9(0.015)0.155 = 0.171

k = 0.37 (table 11 RCDH of ACI)

t 18(28)= = 32,900 in. 4Tg 2 = -- = 12

it =bd3 k+ (n- 1)p' {k2 - 2k(d"/d)+ (d"/d) 2 } + np(1- k)2]
= 18(24.25)3r[I(o.37)3/3]+ 9(0_.015) 1(0.37)2 - 2(0.37)(0.155) +

(0.155 )21 + 0.15(1 - 0.37) 2]= 258.,000 10.0o169 + 0.135(0.137-~1 4
0.115 + 0.024) + 0.0595] = 258,ooo(o.o826) = 21,300 in.

Ia = 0.5(Ig + It) = 0.5(32,900 + 21,300) = 27,100 in. 4

d. First Trial - Determination of D.L.F.

k = 12EIn = 12(3)103(27,100)4 = 10,450 kips/ft (eq 7.10)

h0 (13.75)3144

x e = Rm/k = 645/o0,450 = 0.062 ft
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% = 2,4WTk = 6.28 45.85/1o,450 = 0.148 sec

T/% = 0.061/o.148 = 0.41

D.L..F. = 1.06, tJT = 0.994 (fig. 5.20)

tm = 0.94(0.061) = 0.0575 sec

The original idealized load-time curve should be revised to obtain a

closer approximation to the total impulse up to time t . The impulse up tom
t = 0.060 sec in figure 7.73 is

H = 0.898 psi-sec (obtained by graphical integration)

T = 2H/B = 2(0.898)/25.3 = 0.071 sec

T/Tn = 0.071/o.148 = 0.48
D.L.F. = 1.15, tm/T = 0.85 (fig. 5.20)

The revised idealized load is satisfactory because tm = 0.85(0.071)

= 0.060 sec

Required moment = (B)D.L.F.(h) = 537(1.15)11. 8 3 kip-ft2n 2(4) =95kpf

Required moment is less than available moment. Let us investigate

possible reduction in size.

e. Second Trial - Actual Properties.

MD = Asfd' PD (.st - 1.hf (eq 4.32)

(915)12 = 0.015(18)t(52)(t - 7.5) + 262 .5t - 1.7(18)3.9

14.Ot + 25.Ot - 11,547 = 0, solving t = 27.8 in.

41'" Cover The first trial proportions are satis-

eI factory. An actual column section is se-
T T • lected to establish the column plastic bend-

No. Ties ing moment for use in the girder design that

20.63" follows in paragraph 7-51.
28"

d" 3.687, d = 24.32, d' = 20.63

2" 8 #9,As = As = 8.0 in. 2

1 6- No.9A 2________

18 , p = p, = 8.0/18(28) = 0.0159
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= 8.0(52)(20.63) + 262 [14 - 26] (eq4.32) 15 Jan 58

= 8600 + 3070 = 11,670 kip-in. = 970 kip-ft

The previously computed value of I will be satisfactory for the

computation in paragraph 7-51.

7-51 DESIGN OF ROOF GIRDER. The design of the girder in this example is

performed in the same manner as the girder in paragraph 7-43 since both

girders are designed for elastic action. Reference should be made to para-

graph 7-11 for a detailed discussion of the design of roof girders.

The front girder span is

critical. Previous considera-

tion of the variation of local
16' 1 16' 16'

roof overpressure with location

along the span from front to

Sack of the building has shown + _L - 16.

khat for the front girder the

incident overpressure may be used as the local roof overpressure because

the maximum response of the girder generally occurs before the vortex ac-

tion has an opportunity to cause the local roof loading to vary strongly

from the incident overpressure. This can be seen from a comparison of the

times for maximum displacement of the girders in tables 7.9, 7.21, and 7.26

with the local overpressure data in paragraph 7-23.

Sfixed-pinned tee beam is considered. Reference is made to para-

graph 1-20 and table 6.4 for design constants.

a. Load Determination. The girder loading is obtained in figure

7.77 from the numerical integration for the roof slab (par. 7-49d, table

7.29).

After t = 0.045 sec the load on the girder from the slab is assumed

to be equal to one-half the load on the slab. The time required for the

shock front to traverse the girder is considered in establishing the load-

time curve by plotting the dynamic slab reactions at the ends of the girder

and averaging over the span. The time required for the shock wave to travel

the length of the girder is
16

t 6 =- 0.0114 sec
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The idealized load-time curve imposed on the roof girder by a slab on

one side is indicated by the dashed line in

fig. 7.77. The design load on the girder is de- '

fined by : 1

B = 2(16.0) = 32.0 kips/ft _ _ _

Tr *O0.025 $ecT = 0.025 sec
r 

Time (s$c)

b. Elastic Range Dynamic Design Factors. (Refer to table 6.4.)

KL = 0.5 8 , KM = o.45, K = 0.78

k = f 3 EI/L 3 (fig. 6.29)

Rm = fl~s/L (fig. 6.27)

"Mspo = f2mn (fig. 6.28), M = R1L/f1 (fig. 6.27)

V1 = 0.26R + 0.12P

V2 = o.43R + O.19P

c. Mass Computation.

Slab and roofing = 9.5(150) + 6.0 18(54)0003 40.5 kips

Girder (estimate) 18(36)10116) 10.8 kips
12(12)1000 = 08kp

Total mass 4o.5 + 10.8 = 1.59 kip-sec2 /ft
Ttl s 32.2

d. First Trial - Actual Properties.

Estimate tee beam action for first trial, fl = 9, f2 = 0.67, f 3 = 240

Assume D.L.F.(B) = 1.05 (experience)

Rm = D.L.F.(B) = 1.05(32.0)16 = 540 kips

Moment in girder at interior support (fixed support) due to static

loads w ,No 5 + 10.8)16
M = 'T = -0 = 103 kip-ft

Moment in girder at midspan due to static loads

M = = - .24 6 = 58 kip-ft
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Support moment from column

2 = (970) = 646 kip-ft (par. 7-11 and 7-50)

Midspan moment from column = 0

Support moment required for vertical blast loads

M =-Rm = 540(16) = 960 kUp-ft

Midspan moment due to vertical blast loads

M = = 0.67(960) = 640 kip-ft
poe .790

Total support moment = 960 + 646 + 103 = 1709 kip-ft

Total midspan moment = 640 + 0 + 58 = 698 kip-ft

Ratio of midsnan tension reinforcing to interior support reinforcing

steel = 698/1709 = C.41

C Pfdbu (1 -'7ff ) = 0.015(52)bd2  0"015(52

M = o.688bd2 = 1709(12) = 20,500 kip-in.
Try b = 20 in.

d = N20,500/13.76 = 38.6 in.

Try d = 38.5, h = 42 in.

Rectangular section at the support
I = 20(42)3/19 = 123,500 in. 4

np = 10(12)/20(38.5) = 0.156

np' = 10(6)/20(38.5) = 0.078

m = np + (n - l)p' 0.156 + 0 (0.078) = 0.226

q=np + (n - l)p'= 0.156 + (0.078) 25 0.160

k = 0.39 (table 11, RCDH of ACI)

kd = 0.39(38.5) = 15.0 in.
1 20(15)3 + 12(10)(23.5)2 + 9(6)(1275)2

t 3

= 22,500 + 66,400 + 8,800 = 97,700 in. 4

I= (Ig + It)0.5 = 110,600 in. 4
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O Tee section at midspan

Tension reinforcement at midspan = 0.41(12) = 4.8, use 5 bars

z 2 2 oL2(32.5)2
-96(25 + 2-43 + lO600o= 6 270

96(9.5) + 20(32.5) 911 + 650 = 1T .0

96(9"5)3 + 13 1561(4.o)2 = 27,400 + 229,000 - 25,000zg= 3 3 "

= 231,4o00 in. 4

np= 10(5)/39.13(96) = 0.0133

np' = 10(3)/39.13(96) = 0.0080

m = np + (n - 1)p' = 0.0133 + -0 (0.008) = 0.0203

= np + (n - l)p' L = 0.0133 + 9 (0.008) 2.25 0.0137
d10 39.75

k = 0.145 (table 11, RCDH of ACI)

kd = 0.145(39.75) = 5.76 in.

it 3 + 9(4)(5.76 - 2.25)2 + 10(8)(39.12 - 5.76)2

i= 6150 + 443 + 89,000 = 95,600 in. 4

12 0..5(Ig + It) = 163,500 in. 4

Ii/I2 = 110,600/163,500 = 0.68

fl = 9.0 (fig. 6.27)

f2 = o.68 (fig. 6.28)

f3 = 246 (fig. 6.29)

e. First Trial - Determination of D.L.F.

flEl 246(3)(10 )3(11,60 = 138,000 kips/ft
k1  L3  (16)3144

Tn = 2v4Kiým/kl = 6.2840.78(1.59)/138,000 = 0.0189 sec

T r/T = 0.025/0.0189 = 1.325

D.L.F. = 1.2 (fig. 5.21)

tm/Tr 1.25 (fig. 5.21); OK (see fig. 7.77)

Required R = 1.2(32.0)(16) = 615 kips
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At the interior support section

0.o156(52)20(38.5 )2 0.O12(52) 1
12 [- 1.7(3.9) J = 1760 kip-ft

The moment available at the support to resist the effects of vertical

blast loads is

M = 1760 - 646 - 103 = 1011 kip-ft

The available resistance is then

Rm = f1 M/L = 9.0(1011)/16 = 569.0 kips

This girder is inadequate, 569 < 615
Increase reinforcing at support to 13 bars and continue with same

girder. The moments of inertia will not change appreciably (par. 7-43).
f. Preliminary Design for Bond Stress.

Estimated Vmax = 0.62Rm = 0.62(615) = 381 kips

Allowable u = 0.15f, = 0.15(3000) = 450 psi (par. 4-09)
C

vd 8(41400o) = 25.0 in.ujo 4 50(7)(3b.5)
As = 13 #9 bars in two rowsA = 13 in. 2

A
Zo = 46.0 in., p =.-. = 03 00169

g. Determination of Maximum Deflection and Dynamic Reactions by
Numerical Integration. Since the trial size is to be used for the numerical

integration with only minor modification, reference is made to the previous
computations for pertinent data.

Revised 20(32516(150 as estimate)
girder weight 12(12)1000 = 10.8 kips (sameSRm

ke ,Total mass = 1.59 kip-sec2 /ft
t IRl,-650

4; M = 1760 - 646 - 103 = 1156 kip-ftU k, 1 138.000 kiPS f t12
" I MouY9, 0.0047 ft fM

Maximum Deflection R 9O0(1156) = 650 kips
I P m L - 1

"ye O k 138,000 kyps/ft
Deflection, y (ft) 1

figure 7.78. Resistance R Rim 650 =0 47 ft
function for girder Ye k= = 0:38..0ft

spanning 16 ft
218
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Table 7.30. Determination of Mlaximum Deflection and Dynamic Reactions for Girder

t n -Rn n(t) t)2 Y V2 n V1

(see) (kips) (kips) (kips) (ft) (ft) (kips) (kips)

0 0 0 3 0.000010 0

0.002 19 1 18 0.0o0058 0.00oo10

0.004 51 U1 40 0.000129 0.000078

o.006 90 38 52 0.000167 0.000275

0.008 141 88 530.000171 O . 000639

0.010 202 162 40 0.000129 0.001174

0.012 262 254 8 0.000026 0.001838

o.014 301 349 -48 -0.000155 0.002526

0.016 333 423 -90 -0.000290 0.003063

0.018 365 456 -91 -0.000293 0.003308

0.o20 403 450 -47 -0.0o0151 0.003260

0.022 454 422 32 0.000103 0.003061

0.024 486 409 77 0.000248 0.002965

0.026 506 430 76 0.000245 0.003117

0.028 518 485 33 0.000106 0.003514

0.030 525 554 -29 -0.000093 0.004017

0.032 528 611 -83 -0.000267 0.004427

0.034 525 631 -106 -0.000341 0.004570 371 227

0.036 518 603 -85 -0.000274 0.004372

0.038 506 1 - 1_1_10.0039001

The basic equation for the numerical integration in table 7.30 is

Yn + i = Yn(At)2 + 2yn Yn -i (table 5.3)

(P n - Rn )(At) 2  (pn - Rn)(0.002) 2  6
n K~m = "0.78(1.59) = 3.22(10- )(P n

In table 7.30 the time interval At = 0.002 sec is approximately

%T/10 = 0.00189 sec (par. 5-08). The dynamic reaction equations are listed

219



EM 1110-345-417 7-51h
15 Jan 58

in paragraph 7-51b. The Pn values for the second column are obtained from

figure 7.77 multiplying by 2(16) = 32 to account for the 16 -ft-span length

of the girder and the two slabs loading the girder. The (yn)mx value

- 0.0044 ft y ye" The design is satisfactory for this consideration.

h. Shear and Bond Strength. For interior support end of girder

(fixed end of idealized girder)

Vmax = 371 kips (table 7.30)

For no shear reinforcement allowable vy = 0.04f' + 500Op (eq 4.24)y c

vy = 0.04(3000) + 5000(0.0156) = 120 + 78 = 198 psi
v = =8 71(0003. = 550 psi

Shear reinforcement required for 550 - 198 = 352 psi

Contribution of shear reinforcement to allowable shear stress = rf Y

r = 403 = 0 0.

Try 4 #4 bars, As = 0.80 in. 2

A M
r = = - = 0.0088; .. s = 4.55 in., try s = 4 in.bs 0s

For exterior support end of girder (pinned end of idealized girder)

Vm = 227 kips (table 7.30)

vy = 0.04(3000) + 5000(0.00133) = 120 + 6.6 = 127 psi

8v = 8±227..2 = 326 Psi
v 7bd 7(20)39.75

Shear reinforcement required for 326 - 127 = 199 psi

r 4 199 = 0.00498

Try 4 #4 bars, A. = 0.80 in. 2

As 0.80
bs - 20(s = 0.00498; .*. s = 8.0 in. try s= 8 in.

8v = 238 psiu-7Dd = 7(46.0)32.55

Allowable u = 0.15f, = 0.15(3000) = 450 psi; OK
c

i. Summary.

20-in. by 4 2-in. tee beam

Maximum tension reinforcement = 13 #9 bars

p 0.0156

zo = 46 in.
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No.4 Stirrups at 80 No.4 Stirrups at 4'

a A 96"

A___ _______ 42~
16'0 A--0_*

77 L 20'

II~ Effective Section at 8-8

Note. 2" Pcotection 4 2'
for All Steel

Effective Section at A-A

Shear reinforcement at interior end of girder, 4 #ý at 4 in.

Shear reinforcement at exterior end of girder, 4 #4 at 8 in.

7-52 FINAL DESIGN OF COLUMN. This column design for elastic behavior was

begun in paragraph 7-50. The calculations which follow illustrate the

steps which are needed to determine the adequacy of the preliminary design.

The primary computation is a numerical integration in which is determined

the time variation of tL.e lateral displacement of the top of the columns.

In the preliminary design idealized loads and resistances are used

in order to simplify the computations. In the final design, however, these

idealizations are no longer used. This results in consideration of the

following factors which have been neglected: (1) the variation of plastic

hinge moment with direct stress, (2) the variation of column resistance

with lateral deflection, (3) the effect of girder flexibility on the stiff-

ness of the frame, and (4) the difference between the two design loads; one

determined from the product of the front face overpressure and the wall

area and the other determined from the wall slab dynamic reactions.

a. Mass Computation.

Roof slab = 122 kips (par. 7-50b)
Girder stem= 20(3155)50"5(150 -

12(12)1000 = 37.3 kips

Columns = 1(1)l.751l500 4 - 24.6 kips

Walls = 83.0 kips (par. 7-50b)

221
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Mass of single-degree-of-freedom system = total roof slab +

total girder + -1 (columns + walls) = 122 + 37.3 + 0.33(24.6 + 83.0)
3 32.2

- 6.05 kip-sec2 /ft

b. Column Properties. (See par. 7-50e.)
b = 18 in., t = 28 in., d = 24.32 in., d' = 20.63 in.

d" =3.687 in., As = A' = 8.0 in.22  P = P' = 8 0.0183
s s ~ p18(24.32)-

A•--AfYd' + PD 0.5t - (eq 4.32)

8.0(52)20.63 + PD [1- (D13= 12 12 1- 7(18)3.9

" 16 + -0.0007p D2

c. Effect of Girder Flexibility. Consideration of the relative

flexibility of the girders and columns generally results in a value of the

frame elastic spring constant k which is less than the value obtained for

the assumption of infinitely stiff girders (par. 7-08) in the preliminary

design. To obtain this revised value a simple sidesway analysis of the

frame is made. From the sidesway analysis, k is the magnitude of the

lateral load required to cause unit displacement.

545 kip$
7,:E ~0.836 0.50,5 F05 083

892

_____ _ ___ 3 ot 16'- 48-O" _ . . .

Figure 7.79. Sidesway analysis by moment distribution

The elastic sidesway analysis (the results of which are shown in

figure 7.79) is performed for initial column moments of 1000 kip-ft at top

and bottom of each column. This is equivalent to a lateral displacement of
the top of the column. 222
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-=-FEM) 1000(13.62)2144 - .55f
6El 6(3)103(27,250)

From figure 7.79
EM 2(85 + 928 + 953 + L6) =545 kips
h =13.62

k R 545 10,000 kips/ftS• 70.051450

d. Loading. The Fn column of the numerical integration analysis

(table 7.31) is obtained from figure 7.80. The first part of figure 7.80

Table 7.31. Determination of Column Adequacy

p (P ) (D (R) F R F(A3tt) 2  x
t n av n (MDn a n n n nn n

(sec) (kips) (kips) (kip-ft) (kips) (kips) (kips) (kips)_ (ft) (ft)

0 159 40 761 517 200 0 100.0 0.00165 0

0.01 467 117 843 573 475 16.5 458.5 0.00757 0.00165

0.02 775 194 915 622 475 108.7 366.3 0.00604 0.01087

0.03 1083 271 979 666 275 261.3 13.7 0.00023 0.02613

0.04 1358 340 1029 699 230 416.2 -1.86.2 -0.00307 O.04162

0.05 1308 327 1020 694 185 540.4 -355.4 -0.00586 0.05404

0.06 1259 315 1012 689 1U4 606.0 -462.0 -0.00762 0o06060'

0.07 1 1 0.05954

* Xn)max = 0.061 ft

is based on the Vin dynamic reaction column of the wall slab analysis

(table 7.28). The dynamic reactions for a one-foot width of wall are

multiplied by 18, the width of one frame bay. The portion of the curve

after t = 0.025'sec is based on the net lateral overpressure curve (fig.

7.73). Here the values of Fn are obtained from Pnet in psi by using

F = 144(18)8.16 -net = 21.2Pnet kips
n m1000ne

The dimension 8.16 is equal to one-half the front wall clear span plus the

roof slab thickness (14-75) + 0.79 = 8.16 ft.
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the average axial column loads and are obtained by dividing the total ver-

tical load by the number of columns, 4. The (Pav)n column is used as PD

in the formula of paragraph 7-52b to obtain the value of (MD)n. The value

of (MD)n is used in turn to obtain the maximum resistance at any time from

the relation

(R 2n 2(4 )(MD)n = o.68(MD)

(MD)n 11.75 )

Rn is equal to kxn = lO,000xn in the elastic range.

The basic equation for the numerical integration analysis in table

7.31 is

Xn + 1 = Xn(At)2 + 2Xn - xn 1 (table 5.3)

where (t)2 = (Fn - Rn) (At) 2 = (Fn6- Rn) (001)2=0165(0)(F-R) ft

Rn m 6.5 0.1 o.6(0)Fn-Rn)t

The time interval At = 0.01 sec used in table 7.31 is based on the

natural period, Tn = 2n(J-i/ = 6.2846.05/10,000 = 0.1545 see

At = 0.0- < T n/10 = 0.01545 sec (par. 5-08)

In table 7.31 the design is elastic because Rn < (Rmnp i.e..,

6o6 < 689.

f. Shear and Bond Stress.

= = 151.5 kips (table 7.31)

For no shear reinforcement,

Allowable vy = 0.04fc' + 50 0 0p (eq 4.24)
v = 0.04(3000) + 5000(0c0183) = 120 + 90 = 210 psi

8V 8(151,500)
-7bd 395 psi

Shear reinforcement required for 395 - 210 = 185 psi

3 #3 column ties, As = 6(o.11) = o.66 in. 2

185 = 0.o462
r = 40, 050

A o.66
r bs (462 s = 7.95 in., use s = 8 in.
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,.'= Zo = 32.0 in.

(1514 22-2 psiSR-- T-• ~u = 77(32.0)(24.32)=22ps

No. 3Ties Allowable u = 0.15f' = 0.15(3000)

20,63" "= 450 psi; OK
2" g. Summary.

18 in. by 28 in. tied column

A =A' = 8.0 in. 2ss

16-NO.9 3 #3 ties at 8 in.
L , o = 32.0 in.-

DESIGN DETAIIS

7-53 STRUCTURAL STEEL DETAILS. To illustrate the type of design details

that might be necessary, typical details for purlin to girder, girder to

column, and column to foundation connections are presented.

Parlin to Girder Connection. The heavy end reactions and moments

make necessary both seat angles and web plates. The web plates stiffen

the purlin web near the connection where the longitudinal stiffeners must

__piral Looped
-6-36 around Slab Steel and

36 ' T60 Welded to Top Flonge

1 I6VF 36 " -

Long it. $tfr Ie ,

fx2it Full Length

"II o • " Note: Fillet Welds
I: f II " Unless Otherwise Noted.

Ii All Bevel Welds Full,i . I36 W'160

S•Thickness of Part.

Middle Column Purlin to Girder Connection
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be cut. The stiffeners on the girders are not shown. The roof slab is

held down by a steel spiral looped around the slab steel and welded to the

purlin flange.

Girder to Column Connection. The shear force in the column web

reaches a large value in the region between the girder flanges, necessitat-

ing column web reinforcing plates.

-_16 VF" Top It for 36

36 160 16VF 36

f- -ýCot. Web Relntorcrment I
E. Sidet.7jXjX3"4'

+ Shop WeldFIliIet All
IOV" Around, 4-1 Plugs 8 c-cI Down 4

Girder To Column Conn.

Column to Foundation Connection. The base plate is shipped attached

to the column to make possible a simple connection with reliable and easily

inspected shop welds.
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62#X V-2"Anch Solts

31- 1-6" -

Drill AncorPlteHo "x!Xe2IsI

Base Plate: It 24x 3X 2'-O"

Column to Foundation

7-54 REIMFOCED CONCRET DETAILS. Ty~pical details are presented to suggest

possible treatments in critical locations.

Girder and Column Steel. Bars at the intersection of the girder and

3 No.9,

Ea. St ir.
4 No. dA 7

6-7 Stir-Ot~ll 6 N,.9 l5Stlr.at6l-r-

6 No.9 Y. 5 -1
3No.9X d-d+2 Hooks

Section A-A Note: Use Equal Corner 3No.9
Dowels Lapped 400ia. 12"0 i

0No9) or Send Top Girder Bars C.
Down at Outer Cols & Weld to 0"3.
Bars In Outer Face of Cal. Section C-C
Other Cal. Bars Bend Over eB

Eo.Stir. Extend V-9. Form Haunches DOWels
4 k. ~ , as Shown. Column and Girder 3 No. 9 Ea. Side

37.4 3 steel to Have 11/2Protectlon. Slab
SteelBa Foundation SteelI Nat Shown X 5-161ong

20'-Orcc cols.

6 No. 9 r6

Section 8-B
Girder and Column Steel
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the outer column axe shown butt- Corner Dowels No.8 at 10" f"Cover Top and Bottom

welded although dowels may be No. at 12"
Z No.3 at 12"

used. Dowels are shown else- , t ,7a .6Constr. Jt.• ;:[, 7fl

where. The girder stirrups are o3

bent to act as ties for bars in - 2No.2 Stirrups at 14"
compression. At 5"Along Wall, Staggered

Wall and Roof Slab Section.

Corner dowels are placed to No, atlO 102

minimize any tendency to tear No.8 ot 1O' C -No.oat5"

out of the concrete due to either No.t at12 No.4 at 12"

inward or outward pressure. 5 0-At O10,,Along Wall
TI Alternating with- 3 No. 3 Stir. 0t/f2"

Shear reinforcement is arranged 2'- e At ir"Alon Wall

.in a staggered pattern across Stagger Adj.Groups 0S hown

the face of the wall. Constr. Jt.t No. 8 at 5"Dowels
2-6 Note: Wall Steel to have ,iCover Inside

2"Cover Outside
Foundation Steel Not Shown
Roof Slob Shown at Midspon

Wall and Roof Slob Section

FOR THE CHIEF OF ENGINEERS

C. H. DUIN
Colonel, Corps of Engineers
Executive
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