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goals for today

Areview todayés drivers
A define Constructability

A introduce AISC Design Guide #23

A explore the concept of Constructability

I benefits all participants
A owner
A designer
A fabricator and erector

A considerations for implementation
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t odayos dr

A eX|st|ng business culture
advanced technology
' ever-changing building codes
| sustainability and green movement
| variety of project delivery systems

' adversarial relationships

A lower cost at same quality
I design, installation and operating

A schedule

I design and construction
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designer/contractor relations

A In the construction industry, the nature of competitive
contracting practices often promotes short term adversarial
rel ationships. These types of
cooperative relationship between parties is considered
Instrumental in reducing project uncertainty and increasing
the chance for project success
effective cooperative relationship is based on mutual
trustée A trusting relationship bet
on a mut ual understanding of e
limitations.

The Construction Industry Institute 1987 _
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TRADITIONAL focus

fragmented teams
silos of knowledge process

individually managed risk
no risk sharing

individually pursued compensation
-first cost based reward

formal, paper based communications
2D drwgs, unshared models technology

unilateral effort agreements
allocate and transfer risk

RFI 6s, COb6s & edatificadions

Remember, the contractor must get low!

FAST TRACK

fragmented/schedule
silos schedule driven

individually managed
no risk sharing

minimize engineering
contractor based cost

formal, paper based
2D, 3D contractor determined

unilateral effort
allocate and transfer risk

RFI 6s, COb6s & eX
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TRADITIONAL focus CONSTRUCTABILITY

fragmented teams integrated
silos of knowledge process information shared

individually managed risk collectively managed
no risk sharing risk sharing

individually pursued compensation / team success
-first cost based reward -value-based decisions

formal, paper based communications open collaboration
2D drwgs, unshared models technology shared 3D models+

unilateral effort agreements encourage, promote
allocate and transfer risk multi-level open sharing

RFI 6s, COb6s & edatificadions RFI 6s, COO6s mini
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t odayos dr

A eX|st|ng business culture
advanced technology
' ever-changing building codes
| sustainability and green movement
| variety of project delivery systems

' adversarial relationships

A lower cost at same quality
I design, installation and operating

A schedule

I design and construction
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t odayos dr

A primary driver i cost and schedule
| designer
Atime and dollars

| fabricator/erector
Anumber of pieces
Acomplexity of details
Ai.e., man-hours
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cost of steel framing

A Material
I Tonnage, Shapes, Grade

A Detailing

A Fabrication

A Shipping

A Erection

A Schedule Length

A Overhead Costs
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cost of steel framing

HOP:

—

Material + shop labor + shop overhead + shipping + profit= $$$/Ton
Project Tonnage

IELD:

—

Field labor + equipment + consumables + overhead + profit = $$%$/Ton
Project Tonnage

Shop $$$/Ton + Field $$$/Ton = Cost/Ton of Structural Steel in place
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What Is constructability?

A Constructability as defined by the
Construction I ndustry

 fthe opti mum use of construc
experience in planning, design, procurement, and
fleld operations to achieve overall project
objectives

Construction Industry Institute 1986 [Tl ruby-associates




constructabllity attributes

Integration of design team

early involvement of construction professionals
compliments all project delivery methods
discipline and trade coordination

collaborative design and

problem solving

risk sharing and teaming

Improved budget and schedule control

A
A
A
A
A
A
A
A
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Construction Cost\

Ability to Influence Costs

—

Conc_ep_)t_ & Desilgn apd Procurement and Construction Startup| Oper.
Feasibility Engineering
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constructability: as a philosophy
IS a continuous process; not an event!
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t odayos dr

A eX|st|ng business culture
advanced technology
' ever-changing building codes
| sustainability and green movement
| variety of project delivery systems

' adversarial relationships

A lower cost at same quality
I design, installation and operating

A schedule

I design and construction
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what 0sSs construct

A Design firm
I coordinated and complete design documents
I constructible framing schemes
I enhanced detail development
I accurate budgeting and schedule development

more complete bid proposals

enhanced review and approval process

reduced RFI O0Os, change orders
less stress during construction administration

designer image enhanced
A on time and within budget projects
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what 0sSs construct

A Fabricator / erector
I value-added provider

' enhanced image within the industry
playing field during bidding is leveled
' value added concepts rewarded

f ewer RFI Os and associ ated
' shop drawing preparation and review enhanced

" efficient connection details

' experience, skill and professionalism rewarded

" quality is the result, not the consequence
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what 0sSs construct

A GCorCM
I more accurate budget and schedule development
I reduced cost of construction and administration
I Inter-trade coordination improved
I enhanced scheduling opportunities

potential elimination of change orders and claims
satisfied client
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Return on Investment
1:51t0 1:20+

.6

$20k $100K $400K

Construction Industry Institute [Tl ruby-associates




constructability process

evaluate client and project needs

perform site review
I define applicable material staging areas
I define equipment needs and possible locations
I define site access

perform preliminary design

conceptual erection procedure

collaboration with industry experts on the project team
collaboration with owner

final constructability review
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constructability process

evaluate client and project team needs
perform site review
perform preliminary design

I evaluate applicable geometry

I evaluate lateral-load-resisting systems

I perform load rundown and structural analysis
conceptual erection procedure
collaboration with industry experts on the project team
collaboration with owner
final constructability review
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constructability process

evaluate client and project team needs
perform site review
perform preliminary design
conceptual erection procedure
I explore conceptual erection procedures

I establish member constraints
A controlled by construction loading
I define maximum pick weights
I Investigate equipment availability
collaboration with industry experts on the project team
collaboration with owner
maintain continuous review of process and provide feedback
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collaborative design

A integrated design team
A collaborative input

I fabricator, erector and detailer
A site assessment

A alternate framing options

A material selection

A joint design development of the BIM model
A subsequent sharing of the BIM model
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constructability emphasizes

A collaborative design with involvement from
all team members from project inception
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constructability emphasizes

A collaborative design with involvement from
all team members from project inception

A the jointly developed BIM model ensures
more complete and coordinated Design
Documents
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Construction Cost \

Ability to Influence Costs

g

DOLLARS

D ———

$0.00

Conc.epif & Desllgn a_nd Procurement and Construction Startup| Oper.
Feasibility Engineering
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constructability considerations

Utilize industry information
A AISC Specification

A AISC Code of Standard
Practice

A AISC Solution Center
(866-ASK AISC)

A AISC Steel Design Guide
Series 1 thru 24

A local fabricator/erector

Steel Design Guide Series

M dtum-RlSe

| Buildings
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constructability cf &Q&atidns

Availability _ ! 2
Feasibility | /’A
Clearances o =
Accessibility o = NSl
Tolerances -
Safety -

g "

Courtesy Douglas Steel Fabricating Corp.



common simple connections

Single shear platx
R =52 kips

ME | OHDP

‘-;Z

Snug Tight
Shear-Bearing threads excluded 3 bolts $21.00
Shear-Bearing threads included 4 bolts $28.00
Pre-tensioned
Shear-Bearing threads excluded 3 bolts $30.50
Shear-Bearing threads included 4 bolts $39.00
Slip Critical 6 bolts $68.00
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AISC 303-10
Code of Standard Practice

A Customary trade
practices of the steel
i n d u Stry . Code of Standard Practice

for Steel Buildings
and Bridges

ASEROGs under
IS essential

A SER must define
project requirements

that are contrary to
COSP
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AlISC

N Design Guide #23
:"1 Constructability of
ability ©. tructura

ORI Structural Steel

Buildings
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lateral-load-resisting system




lateral-load-resistjng system

N

Tension x-bracing system



lateral-load-resistjng system

Field-bolted moment frame



ed moment framing



lateral-load-resisting system

Field-welded moment frame §



leld-welded moment frame



lateral-load-resisting system efficiency

Chevron Braced X-bracing (Tension) Field Bolted Field Welded
Frame Braced Frame Moment Frame Moment Frame

Number of pieces 294 294 282 282

Weight (Tons) 190.7 190.6 253.2 250.8
Number of Bolts 1980 2340 3200 1850
Shop Labor/Ton 9.5 9.5 13.2 12
Field Labor/Ton 3.15 3.45 3.59 5.04
Cranes 8 Days 8 Days 9 Days 8 Days
Man Lifts 3ML x 2W 3ML x 2W 3ML x 3W 3ML x 3W

Shop Detail 16 sheets 17 sheets 20 sheets 18 sheets
Drawings

Installation 6 weeks 6 weeks 7 weeks 8 weeks
Schedule

Courtesy: William Treharne, Director of Engineering, Midwest Steel m ruby-associates
Don Makins, President, MBM Fabricators




lateral-load-resisting system efficiency

Chevron
Braced Frame

X-bracing
(Tension)
Braced Frame

Field Bolted
Moment Frame

Field Welded
Moment Frame

Material

$174,035

$174,520

$232,077

$227,677

Detailing

$20,000

$20,000

$18,000

$17,000

Shop and Field Labor

$141,132

$145,565

$242,332

$265,012

Equipment

$5,500

$5,500

$7,425

$7,150

Inspection

$1,000

$1,000

$2,000

$2,500

Shipping

$16,000

$16,000

$23,000

$21,000

Total

$357,667

$362,585

$524,834

$540,339

Cost/Ton

$1,876

$1,902

$2,073

$2,154

Cost/sq.ft.

$8.83

$8.95

$12.96

$13.34

Courtesy: William Treharne, Director of Engineering, Midwest Steel

Don Makins, President, MBM Fabricators
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\‘\ J ‘ Steel Desin Guide

Constructability of Structural
Steel Buildings

Chapter 4
Structural Steel

Framing




horizontal bracing

A What decision process is used in your office?

A Is there any question about the design criteria,
the geometry or
the location?

A Maybe there should be..
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horizontal bracing study

REQUIRES SUPPORT
ROD TO PURLINS TYP. Detail A
Typical Horizontal Bracing System i
Industrial Building

XL
X L
XL

NA T 1T 1 11
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horizontal bracing study

TRUSSB.C. — ~— TRUSS B.C.

— DIAG. BRACE

" TRUSSBC.
Detail A
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(Work Point Centerline of Chords)




horizontal bracing study

Detail A

(Work Point Bottom of Chords)
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horizontal bracing

A What information might the fabricator be able to supply?
A Are there other options for the design criteria,

the geometry or

the location?
A Maybe the designer should ask..
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horizontal bracing study

Alternate Horizontal Bracing System
Industrial Building
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horizontal bracing study

At column
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horizontal bracing study

Detail B Detail B

(Work Point Centerline of Framing Beams) (Work Point Bottom of Framing Beams)
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Case Study #2:
L ockheed Marietta

Original Design

A 5 underhung craneways
A Roof trusses @ 25ft ctrs
A Exterior columns @ 50ft
A 5 sway frames
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