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INTRODUCTION

This paper addresses the develop-
ment of a cost estimate for a major
structural component of a building
known as a shear wall.

* Main CSI division: division three (3)
“Concrete”

e Subdivisions: section 03100 “Con-
crete Formwork”

e Section 03200: “Concrete Reinforcing”
e Section 03300: “Concrete Pluce-
ment”

Division three and related subdi-
visions include but are not limited to
the following: Formwork materials,
form ties and accessories, exposed
surface finishes, embed items. joints,
bulkheads, keyways, waterstop, cte.
Reinforcing steel and accessories, con-
crete placing requirements. concrete
admixtures and quality standards - de-
sign criteria (ACL, ASTM. etc))

BRIEF DESCRIPTION

Means [lustrated Construction Dic-
tionary defines a shear wall as = a wall
portion of a structural frame intended
to resist lateral forces, such as carth-

of Shear Walls

quake, wind and blast, acting in the
plane or parallel to the plane of the
wall™, In other words, the forces applied
to the exterior of the structure are trans-
ferred through the shear walls to the
building foundation .(see sketch #2).

Shear walls can be constructed of
reinforced concrete masonry units,
wood framing, or cast-in-place rein-
torced concrete. The most commonly
recognized material of choice for
shear walls is cast-in-place reinforced
concrete. For this reason, the con-
crete method was selected to be the
subject of this paper.

More likely than not, reinforced
concrete shear walls will be incorpo-
rated into the design of such areas as
clevator shafts and/or stairwells. They
can provide numerous architectural
options with patterns and/or finishes
built directly into the face of the form-
ing panel. Factors such as the finish
required, the amount of re-use and/
or the complexity of the structure will
dictate the method of forming the wall.

METHOD OF
MEASUREMENT

For the purposes described herein
the units of measurement will be as
follows: square foot of contact area
(sfca) in the development of the costs
of the formwork system used, cubic
yards (cy) in the quantity of concrete

required, and tons in the determina-
tion of reinforcement required.

FACTORS WHICH MAY
AFFECT THE ESTIMATE
AND SPECIAL RISK
CONSIDERATIONS

The determination of the most ef-
ficient means and methods of produc-
ing an accurate estimate for this scope
of work might possibly be affected
by such things as project size and
complexity, equipment accessibility,
project completion schedule, concrete
curing requirements, concrete place-
ment requirements, surface finishes,
material availability and re-use, foot-
ing elevation changes, deck elevation
consistency, and weather. While
weather will not have a direct affect
on the type of formwork system used,
it may very well affect the design of
the formwork. Furthermore, consid-
eration must be given to whether or
not to construct one set of wall forms
to be used for both stairwell walls,
since they are mirror image, or two
complete separate systems . This
would be a determination dependent
on the construction schedule and any
sub-trade activity which  would af-
fect the work. Also, in the event of
required minority participation
(MBWE) or prevailing wage rates
(Davis- Bacon), the costs necessary to
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comply with either could impact the
selection  of sub-trades to perform
portions of the work, i.e. reinforcing
placement, concrete pumping. ete.

TYPES OF FORMING
SYSTEMS

There are various manufactured
wall forming systems available which,
when used in large projects, will pro-
vide the most re-use, speed of erec-
tion and dismantling and allow for
whatever finish is required. These
systems,  commonly referred o as
“gang forms”, lose their efficiency
when being considered for smaller
projects or projects which have vari-
ous changes in footing elevations and/
or upper deck elevations. Job built
or “hand set” forms enable the form-
ing crew to customize the forms to fit
the conditions.

OVERVIEW OF LABOR,
MATERIAL, EQUIPMENT,
INDIRECT COSTS

As mentioned in “types of forming
systems” there are several methods of
forming available to achieve the end
result. Of these systems the use of
“handset forms” is the basis of this
estimate . The quantity survey and
pricing extensions will be manually
entered in lieu of more sophisticated
computer soft ware systems and com-
puter driven quantity survey equip-
ment (digitizers) which may not be
available to all estimators. By per-
forming a manual take-off | T will com-
plete the method by which the square
foot of contact area (sfca) costs are
derived with an itemized component
list of materials. These materials are
in the development of 64 (sfca) which
is represented by 24’-0” x 8-0” sheets
of _" thick “b-b” formply. The
shearwall to be estimated is a com-
ponent part of a first floor stairwell
located in a three floor commercial
office building. The specifications re-
quire that concrete formwork and
subsequent concrete placement is not
exceed 8-0" per lift.

THE ESTIMATE

Components of 1 (one)
80" x 80" wall panel
(see sketch)
Reusable:

8 1f (5.33bf) 2" x 4" soleplate
64 If (42.67 bf) whaler
56 1f (39.96 bf) 2" x 4" stud
8If (5.33 bf) 2" x 4” top plate
36 1f (23.76 bf) 2" x 4" bracing
2 ea 40" x 80"x _" bb formply
20 ea. Form tie shoe (one side)
Non reusable:

20 ea. Form tie
Approximately 5 lbs. Nails
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Note: the listed components could

t { j | - l - 1= 1 casily vary in the number of whalers,
) | | | |SAMPLE TAKE-OFF SHEET | Toews LABQR spacing of studs, and the spacing of
boosccr. | 3PS Suear Wil ! carwnon. 2@ || esranre wo. form ties due o rate of concrete
 ocanon: A, T il jexrensions: B e uo. placement, concrete slump, or any

e : N CHECKED: B : . L. . .
ommenion : design condition which  would in-

Q No.of [Mart Unit Mool | R s > e N N - ares F
I e ey I i crease the pressure per square foot
— on the torm surface.
YT - - The " bb formply is pre <')1led' by
[2caepentees B iS.eofie = | 30,00 4 the manufacturer but will require field
BENC L .20 fprez 20,09 coatings between uses and at  those
| S ] | o.00 areas of the panel which have been saw
. 457 .09 . N
= IR0ENS ° cut. Proper maintenance of the forms
: ceéwi jcosT § 6100 /lpe ‘ such as stacking face to face, if not ready
: — for erection, will help to insure the 5 to
. 6 uses generally available.

(Avaur, | EAaricaTe yhidract TF ey (1o s mbvine o o 1 g‘ Y . " .
"3 Jodngis @ 2vales = |Bues The shear wall in  question has
PANELS § ——————Y 8 Hes been labeled “SW-1" on the wall
T - 1L ues schedule of the structural drawings.

;

T TN T TR I Wi A Y YT This schedule gives the following in-
ﬁm“j—‘—ha‘——' } formation: wall thickness, concrete

O ok [ 29 Upy PAELS - | Gue mix design and strength requirements,
, " along with reinforcing steel require-

ments. It is important to note that in
buildings with multiple floors,
Fotiey @ floo/ur] Tbld.co changes in concrete strengths and
reinforcing steel sizes are quite com-

STeip 2% Tip7 Pguts, Clan Hon. = | 4 el

TooL 2§ RE] g 00 mon and the estimator needs to set
, up the quantity survey sheets to re-
i . — 1lfolee flect these changes.
— — SW-1 has been determined to be
! iSAMpLE's,FgA ARO cgug_cly costs| T 32°-9" long and has an overall height
e L cormnron! 0o S ' to the second deck of 16 feet (finish
ocanae T s o, floor height is 12 feet + 4 feet from
R , = : top of footing to top of the slab on
- [ T O ST grade ). The length of the wall times
HE AT | Lsay 10 | 1o the height of the wall gives the sur-
i face area of one side of the wall. This
jene, Lagoe |20l 158 1 1537 ; surface area is 524 square feet. The
fodw TABT'Cs | ftooiqd 8] 1%.6A] opposite wall side is 31-1" long by
Fozw Lasoa | |leSo & 251 T111k) 16" high which equals to 497.28
. square feet the total S.F.C.A. is
B, MaTE | e} b | 51E: 1021.88.
REIC Ladow | [Sboce] 35 | 77869 This particular wall has one angle,
Powip EDUE. | [ircive] 21 | 2488 one framed opening and does not al-
Y el idl low the use of standard 8" x 8" wall
. i — panel sections. In some areas as noted
sMl4p3dy 1T on the panel schedule. The labor in-
— = volved to customize these panel sec-
‘ : TSAMPLE TAKE OFF SHEET | PENAroncias S10 tions can carry a degree of difficulty
proxc. | ASPE siEAR Wa csraron *58 add on for the first lift of panels but
pocaton . STatewc, 1 - e, ‘:T not for th¢ remaining lifts. Hov_vever,
Casmweaon T i ‘ e the requirement of 8 ' maximum
e | e N e s P VT O P formed lifts will require more strip-
Hogit %s‘»‘u 2740’ ilz35] | a 440 Tots | 8354 ping and erection cost than if the en-
g1 pipensl  ta 1 lees Lod43| 292.% tire wall were formed to finish eleva-
Ue:gf. Swe ﬂb.s‘:“'{i lizas [~ ") 2” T} T T T@z6e WXTE RS tions at one time. On all forming com-
S ko) lloss] 287.9 ponents it is important to bear in mind
Veer. | Coongd | S :ijz the anticipated reuses and prorate the
DEpUCT E2- e an T —— costs accordingly.
UCT ER: OPENIN ;;.L . STy 8}% £1)
T4A Elgnion || \520 L Lo43} 1585 CONCRETE
! —— - ——]- AL ® 2390, | The method of determining the
S (XA cubic yards of concrete is to multiply
— et the length (32°-9" or 32.75 teet) times
S the height (167) times the wall thick-
T Faatesias ¢ ness (8"or .667 feet) to arrive at the
————— volume in cubic feet (351.08). One
T T Aoz Sué- fenla T cubic yard of concrete displaces 27
— 2% dooco |~ "3k ' cubic feet so that when 351.08 is di-

ASPE Second Quarter 1999 11



vided by 27 the result is that 13 cubic
yards are required. The framed open-
ing of 4°9” by 70" by 8" thickness will
deduct 22.28 cubic feet or 825 cubic
yards therefore, the net amount is now
12.18 cubic yards. This yardage is “neat”
in that there has not been a wastage
factor added. A wastage factor of 3% is
not uncommon for this scope of work.
The concrete material specified for this
project is 3000 psi and the type of con-
crete selected is a “pea rock pump mix”.
This type of concrete incorporates
much smaller aggregate than regular
mix concrete and will add approxi-
mately $7.00 to each cubic yard beyond
the normal cost.

CONCRETE PLACEMENT

The concrete mix selected allows
for the use of a concrete pump. This
method of placing the concrete is the
most efficient in that the materials be-
ing placed in the forms can be con-
trolled as to the rate of fall into the
form and the rate of flow of the con-
crete, thus minimizing “shock load-
ing”. Furthermore, the concrete ready
mix truck or portable batch facility
does not have to be in close proxim-
ity to the final placement area. Proper
maintenance of the pump and related
equipment is absolutely critical. To
have equipment break down or have
hoses break during the concrete place-
ment could be result in a very bad
day for everyone concerned. It is a
prudent practice to allow for back-up
equipment. The requirement of 8’
maximum lifts of placement will in-
crease the number of trips to be made
by the pumping company and will re-
sult in additional re-mobilization costs.

It may be more cost effective, if time
is a serious factor, to allow a “layered”
pour to the full 16" height with only 1
mobilization. This could be accom-
plished with high carly strength con-
crete or possibly redesigned forms.

REINFORCING STEEL
Reinforcing steel is estimated by
pounds and tons while labor is rated
according to the individual bar size
of the reinforcing involved in
conjuction with the overal] weight of
the total requirement of reinforcing.
i.e., it is far more economical to place
1 ton of # 7 reinforcing which weighs
2.044 pounds per lineal foot than it
would be to place the sume tonnage
of # 4 reinforcing which weighs .668

pounds per lineal foot. The wall
schedule previously referenced indi-
cates that this particular wall section
shall have # 5 reinforcing at 12 inches
on center each way and at each face
of the wall (see sketch). Given the
length of the wall at 32’-9" it is known
that the horizontal reinforcing will be
that same length less the amount of
space required at each end for proper
concrete coverage of 3 inches plus
whatever bar lap is required. Bar lap
is the length in inches that one rein-
forcing bar must have at minimum
overlap with another reinforcing bar
to insure strength continuity. 1f, for
instance, a 24 bar diameter lap was
required, the lap in inches could be
determined by the following method
for a # 5 reinforcing bar:

Top ofF 2"¢ Fraew 17-0"
App 2%5 EA - $10€
[ ce X 4Le"
AbD ¥ 5 En. So% B
8. FRCE xio-o"
App 1¥5
ER. 108
T »o. FACE
olo*
v/ L A\ 3 * 1 SEE SECTION
—~ / ’> \\ FOR TP, R&NE.
N FramED 2
s OpENING (Sthies moT SHowN ¥oa tloarTy)
=
4.'4.)
LJ Fid. ELsorn 0-0%

SAMPLE SKETCH #2

el EVATION]

ASPE SHEARWALL
No scale

SAMPLE SKETCH #1 PLAN

Ej‘ﬂﬂ 43" i b 4" ‘JIL:F&' !
Sw-l 5 Wil L

A S v/ /A £ LA/ F 2 LA /22 R

N /

: A“A-A"//. A

: SraRwE L 3T ] j % Swiliget

- /

0 /

AT T 13 T I I I T3 v T (PTSiSTI1 ] Vm 8
PLAN A.s.:’i&ﬂ:;:'z‘\?:-“‘-

12 ASPE Second Quarter 1999



SAMPLE SKETCH #3
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A # 5 reinforcing bar is 5/8 “ in
diameter. When multiplied by the 24
diameters required the lap is equal to
157, (24 “ divided by 8 is equal to 3, 3
multiplied by 5 equals 15).

Reinforcing steel for a project of
this size is generally shipped to the
job site “bent, tagged and bundled”.
This means that the reinforcing which
require bends in the bar to accom-
modate a certain design has been so
bent under controlled conditions by
the fabricator. The reinforcing has
been labeled as to which area of the
project it is destined to be used, and
bundled together in like groups for
easy identification. Shop drawing
showing actual layout of each piece
normally accompanies the steel to the
site for accurate lay-out and place-
ment.

When the reinforcement placing
crew “shakes out” the steel (sorts by
location) they will most likely have
cut sheets from the fabricator to aide
in the identification of the materials.

The wall height has been deter-
mined to be 16 feet, the first row of
horizontal steel will begin 3” above
the top of the footing and the spac-
ing will continue at 12" on center from
that point. This will give 17 rows of
horizontal reinforcing at each face of
the wall times the length of the wall
(32.75 feev) equals 1,113.5 lineal feet
of horizontal reinforcement.

The vertical reinforcement will also
begin the first row 3” off the face of
each adjacent wall and continue
through the wall at 12" on center from
that point. This will give 33 vertical
bars at each face of the wall times the
height of the wall (16feet) plus 24 bar
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R Total Percentage|
B e e o Cost Cost
A _ . ______ |ConcreteMateriol  |$ 71535 11.8% |
8 . ... .. _|Concretelabor _ |$ 19320| 3.2%
c. _|Form Materials 16.5%
b [Fermlabor _A37%
E T 7 T |Reinforcing Steel Matt 1.1%
F. Reinforcing Steel Labor |
G T " {Equipment
H ... .|Scaffolding |3 10000 |-
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diameter lap (1.25 feet) equals 1138.5
lineal feet of vertical reinforcement.
The sum total of the scheduled re-
inforcing is 2,252 lineal feet times the
weight of the bar of 1.043 pounds per
lineal foot (for # 5 reinforcing) and is
equal to 2,262 pounds divided by
2,000 pounds (ton) equals 1.13 tons
plus minimal corner steel. No deduc-
tion was allowed for the framed open-
ing to offset the added reinforcement
shown on the elevation. These calcu-
lations include the extension of the
vertical steel into the next lift of

shearwall.

Dependent on the required
method of curing the wall i.e. chemi-
cal, burlap, etc. The cost of this por-
tion of the work will become a parnt
of the overall cost of the wall.

Once the quantities of formwork,
concrete and reinforcing steel materi-
als have been determined; the labor
and equipment Costs are necessary to
complete the estimate total cost.

With regards to the formwork la-
bor, the most accurate method of de-

termining these costs would be by in-
house historical data. This  informa-
tion has varying degrees of accuracy
dependent upon whether or not this
scope of work is performed in-house
or is traditionally work that would be
sub-contracted. The estimator that has
an accurate in-house labor data base
to draw upon would be at a much
greater advantage than the estimator
who must rely on the comparison of
sub-trade bids based upon different
types of projects or the various pub-
lications available. While these pub-
lications are a valuable source of in-
formation. One must use caution for
item costs in different parts of the
country can vary widely and the esti-
mator needs to compare 1o accurate
historical data as often as possible. g

GLOSSARY

Aggregate: Granular material such as sand,
gravel, crushed gravel, crushed stone, slag and
cinders.
Aggregate-concrete: The fine and coarse ag-
gregate used in manufacturing concrete. Both
are usually washed and graded.
Cement:  Any chemicul binder that makes
bodies adhere to it or to cach other such as
glue. paste or Portland cement
Concrete: A composite material consisting of
sand. coarse aggregate, cement and water when
mixed and allowed to harden. it forms a stone-
like material.
Davis-Bacon: A Federal Labor Law enacted in
1931 that requires laborers and mechanics
(those who do physical work) on federally
funded construction projects be paid no less
than the local prevailing wages.
3000 psi: The minimum strength in pounds per
square inch of a concrete mix when tested in
28 days.
E.F.: Each Face
E.W.: Each Way
High Energy Strength Concrete: Concrete con-
taining high-early strength cement or admix-
tures causing it to attain a specific strength ear-
lier than regular concrete.
Lifts: The  height of each individual section
being formed and placed at one time
MBWE: Minority, black and women enterprises
Mix Design: The selection of specific materials and
their proportions for a concrete or monar batch,
with the goal of achicving the required proper-
ties with the most economic use of materials
O.C.: On Center
Reinforcing Bar: A Steel Bar, usually with manu-
factured deformations. used in concrete and
masonry construction to provide additional
strength.
Shock Load: The impact load of material such
as aggregate or concrete as it s released or
dumped during placement.
REFERENCES:
Mceans Hlustrated Construction Dictionary.
Walkers Building Estimators Reference Book.
Concrete Reinforcing Steel Institute- Placing
Reinforcing Bars.
Formwork for Concrete Structures- R L. Peurifoy
A.SP.E.- Standard of Manual Practice
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