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Course of Instruction

Year |Quarter| Code Title

1 278 | Worker Safety & Tool Skills
1 279 The Apprentice & The Trade, Construction Math
Pile Driving Technologies: Tools, Equipment, Materials,
1 2 280 & Rigging

3 281 | concrete & Formwork

4 282 | Welding | « Plate (1F, 2F, 3F, 4F)

1 283 | Pile Driving - Land & Water (Introduction)

2 2 284 | Welding Il ¢ Plate (1G, 2G)

3 285 Pile Driving — Land & Water (Advanced)

4 286 Wharfage & Marine Structures

1 287 Cranes & Welding il e Plate (3G,4G)

2 288 Structural Blueprints & Layout Instruments (Introduction)

3 3 289 Intro To Modern Bridge Building Methods & Advanced

Structural Blueprints

4 290 | Faisework & Heavy Timber Framing

1 291 Advance Formwork & Shoring for Pile Driving & Bridge
Building

2 292 | Welding IV ¢ 3G & 4G Certification

4 3 293 | Dive Tending & Semi—Automatic Wire Feeders

4 294 | Welding V e Pipe (2G, 5G, 6G)
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CLASS MATERIALS

Pile Driver Apprenticeship Class
NORTHERN CALIFORNIA PILE DRIVERS J.A.T.C.

UNIT 290 - FALSEWORK & HEAVY TIMBER FRAMING

The information below details the books, supplies and tools needed to participate in and
complete this scheduled apprenticeship class.

= YOUR BOOKS & CERTAIN REQUIRED ITEMS MAY BE PURCHASED AT:

Carpenters Apprenticeship Training Center Mondays: 8:30 am — 12:00 noon
2350 Santa Rita Rd., Pleasanton, CA Tuesdays: 8:30 am — 10:00 am
= (510) 462-9644

= THE FOLLOWING BOOKS ARE REQUIRED TO COMPLETE ASSIGNMENTS:
1. Provided

= YOU ARE REQUIRED TO BRING THE FOLLOWING TOOLS/SUPPLIES TO CLASS:

*1.  Safety Glasses (OSHA Cert.) ($5.50) 12.  Carpenter Pencil
2. Hard Hat, Work Boots & Clothes 13. 8 point Cross —Cut Saw
3.  Long-Sleeved Shirt 14.  24” —30” Stripping Bar
4.  Pocket Tape (16 * long min.) 15.  “Cats Paw” Nail Puller
5. 22 oz. Rip Claw Hammer 16.  8” Side—Cutter Pliers
6. 24”7 -30" Level 17.  12” Adjustable (Cresent) Wrench
7.  Tri-Square/Combination Square 18.  Carpenter’s Locking Tool Box
8.  Framing Square 19.  Carpenters Coveralls (bib) and/or...
9.  Chalk Box w/Chalk 20. Nail Bags w/2 Pouches
10.  String Line *21.  Calculator w/ (square root) Key
11.  Pumb Bob

(* Available in Training Center Book Store...Mondays & Tuesdays only)

2> WEAR CLOTHING THAT YOU WEAR TO WORK:

For your personal safety : tank tops or sleeveless shirts, shorts or cut—off pants, and soft topped or soft soled
shoes are not permitted while attending classes. Safety glasses are required during all manipulative lessons.
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PILE DRIVER - APPRENTICE TOOL LIST*

Minimum of tools required before dispatch as Pile Driver should include:

Nk whe=

20 or 22 oz. Straight Claw Hammer
Pocket Tape (16' long minimum)

12" Adjustable Wrench

8" Lineman's Pliers (side cutters)
Lumber Crayon/Keel/Carpenters Pencil

Pair Leather Palm Gloves

Rigging belt with appropriate tool holders or pouches similar to the following:
* Spud Wrench or Wrench Holder * Pliers Keeper

e Hammer Holder ¢ Nail Pouch

* Tape Holder * Utility Pouch

Optional tools for dispatch as Pile Driver:

ANk P

Pair Bib Overalls (i.e. Carhartt™ or equal), may replace rigging belt
Fold-back Knife - "Buck™ " style, lock back

12" Adjustable spud Wrench, may replace 12" adjustable wrench & bull pin
Torch Tip Cleaner

Torch Striker

Pair Rubber Rain Boots

Minimum of tools required before dispatch as Bridge Builder, Pile Driver/Framer, or
Dock-Builder should include:

1. Tool Box 9. 12" Adjustable Wrench

2. 8-Point Crosscut Saw 10. 8" Linemans Pliers (side cutters)
3. Framing Square 11. Carpenters Pencil

4. 24"-30" Level 12. Chalk box with White Chalk

5. Pocket Tape (16' long minimum) 13. 100' (minimum) String Line

6. 22 oz.Framing Hammer 14. Cat's Paw Nail Puller

7. 24"-30" Stripping Bar 15. Combination Square

8. Carpenters Bib Overalls or Carpenters

Apron with leather pouch

Optional tools for dispatch as Bridge Builder/Framer:

1. Set of Wood Chisels - 14",3",and 1 A" 7. Framing Axe

2. 100' Tape 8. Pea Shooter

3. 3/8" Ratchet-Socket Set 9. 5/16" Allen Wrench (for air drill chucks)
4. Hacksaw 10. Slick (if available)

5. Set Screwdrivers 11. Adze (if available)

6. Pair Pliers

Minimum of tools required before dispatch as Welder:

1. Welding Hood (to fit Hard Hat) w/#10 Lens 7. Vice Grips (#11)

2. Safety Glasses (OSHA Certified) 8. 12" Adjustable Wrench

3. Welding Jacket or Cape Sleeves 9. Burning Goggles w/#5 Lens

4. Welding gloves (All Leather, Long Gauntlet) 10. Torch Striker

5. Chipping Hammer 11. Torch Tip Cleaner

6. Wire Brush 12. Tape Measure (20' long minimum)
Optional tools for dispatch as Welder:

1. Torch Tip Nips 24" Level

2. 12" Layout Square Torpedo Level

Wrap-Around (4" x 48")
Chalk Box with White Chalk

3. Bevel Square
4. Tri-Square or Combination Square

@ © oW

Failure on the part of the apprentice to obtain these r egmred tools could result in:

1. A delay in wage re-rates until requirements are met.
2. Possible job termination for failure to supply proper hand tools.

*You are encouraged to purchase one (1) tool a week to spread out the cost. Tools required for specific classes
(listed in class notice) are mandatory and must be in your possession.

Opeiu-3-afil-cio-211/llr Revised 10/11/11 JMc/rh
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UNIT 290 - GRADING AND EVALUATION SCHEDULE

Grading

A uniform weighing system will be used as follows:
1. Class Participation and Attitude
2.
3. Manipulative Lessons
4.

Assignment of grades will be as follows:

A
B
C

Topic Quizzes ..............

FinalExam .................

100% — 92
91-81
80-73

..........

..........

..................

..........

D =72-68

= Less than 68%

Assignment of numerical evaluations will be as follows:

0
1
2

= Unsatisfactory

Below Average

Average

3
4
5

= Above Average

= Outstanding

Excellent/Superior

Dot (¢) Demerits valued at minus two (-2) points each will be assessed as follows:

17 = Repeating an unexcused class absence
17 = 4+ hours/week missed (+ repeat class)

10 = Unacceptable Brotherhood conduct

Criteria for Evaluation

1.

2
3.
4

vii

Safety

. Accuracy

Following Directions

. Fitting and Fastening

2
2

® N W

= Failure to make effort to perform
= Disruptive behavior

Every 15 minutes of late arrival

Speed
Plan Reading
Terminology

House Keeping
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UNIT 290 - FALSEWORK & HEAVY TIMBER FRAMING

SEQUENCE OF INSTRUCTION

BOOKS: The following books/and or items will be required to complete this course:
Provided

TOOLS: You will be required to supply the following tools and/or equipment to complete this

course.

1.* Safety Glasses (OSHA Cer.) ($5.50) 12. Carpenter Pencil

2. Hard Hat, Work Boots & Clothes 13. 8 point Cross —Cut Saw

3. Long-Sleeved Shirt 14. 24” —30” Stripping Bar

4. Pocket Tape (16 ’ long min.) 15. “Cats Paw” Nail Puller

5. 22 oz. Rip Claw Hammer 16. 8” Side—Cutter Pliers

6. 24”7 —30” Level 17. 12” Adjustable (Cresent) Wrench
7.  Tri-Square/Combination Square 18. Carpenter’s Locking Tool Box

8.  Framing Square 19. Carpenters Coveralls (bib) and/or...
9. Chalk Box w/Chalk 20. Nail Bags w/2 Pouches

10. String Line 21. Pocket Calculator

11. Pumb Bob

(* Available in Training Center Book Store...Mondays & Tuesdays only)

AUDIO VISUALS: The following slide and/or video presentations will be featured in this class:

1. “Shore-X®” Tubular Steel Tower Shoring, (Video @ 9:00), The Superior Scaffold Co.
2. “Shoring Safety — Do’s & Dont’s”, (54 Slides/Synced 14:00), The Scaffolding, Shoring,

& Forming Institute (SSFI).
FIRST DAY (MONDAY) Homework to be completed for Tuesday
TEXT/RESOURCE .......... «.... ASSIGNMENT
1) Unit 290 - Falsework & Heavy @~ --------- Read: Chapters 1, 2
Timber Framing Be prepared for Chapter Tests 1, 2

8:00 a.m. Registration — Orientation, Form 165 Review, Student Conduct, Rules & Regula-
tions, Book Store Purchases

8:15a.m. Pre-Test 290, Administer & Correct
9:00 am. Lesson 1 - Erection of Shore “X” Tubular Steel-Framed Shoring

12:00 noon LUNCH

UNIT 90 - Falsework & Heavy Timber Framing viii



12:30 pm.  Lesson 1 - Erection of Shore “X” Tubular Steel-Framed Shoring (con’t)
3:30p.m. Lesson 2 — Frame Fill Calculations
4:30 pm. DISMISSAL

SECOND DAY (Tuesday) Homework to be completed for Wednesday
TEXT/RESOURCE ...... ceeeeees. ASSIGNMENT
1) Unit 290 - Falsework & Heavy @~ --------- Read: Chapters 3, 4
Timber Framing Be prepared for Chapter Tests 1, 2, 3,4

9:00a.m.  (Optional) Field Trip — Field Investigation of Heavy Timber Falsework &
Tubular Shoring

9:00 a.m.  Or Lesson 3 — Construction of Heavy Timber Falsework Bents

12:00 noon = LUNCH

12:30 p.m.  Field Trip (con’t)

12:30 p.m.  Or Lesson 3 — Construction of Heavy Timber Falsework Bents (con’t)
4:30 pm. DISMISSAL

THIRD DAY (Wednesday) Homework to be completed for Thursday
TEXT/RESOURCE .......cc000.. ASSIGNMENT
1) Unit 290 - Falsework & Heavy @  --------- Read: Chapters 5, 6
Timber Framing Be prepared for Chapter Tests 5, 6

8:00 am. Roll Call
8:05a.m. Discuss and correct Study Guides Chapters 1, 2, 3, 4
8:30 am.  Administer Chapter Tests 1, 2, 3, 4
10:30 am.  Lesson 4 — Fabrication Procedures for Heavy Pipe Shoring
12:00 noon LUNCH
12:30 p.m.  Lesson 4 — Fabrication Procedures for Heavy Pipe Shoring (Con’t)
4:30 pm. DISMISSAL
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FOURTH DAY (Thursday) Homework to be completed for Friday

TEXT/RESOURCE ............... ASSIGNMENT
I) Unit 290 — Falsework & Heavy @~  --------- Read: Chapter 7
Timber Framing Be prepared for Chapter Tests 7

Be prepared for Unit 90 Final Exam

8:00 a.m. Roll Call

8:05a.m. Discuss and correct Study Guides Chapters 5, 6

8:30 am.  Administer Chapter Tests 5, 6

9:00 am. Lesson 4 — Fabrication Procedures for Heavy Pipe Shoring (Con’t)
12:00 noon = LUNCH
12:30 p.m.  Lesson 4 — Fabrication Procedures for Heavy Pipe Shoring (Con’t)

4:30 pm. DISMISSAL

FIFTH DAY (FRIDAY) Study Assignment
none
8:00 am. Roll Call
8:05a.m EDD Forms and Processing

8:30am. Discuss and correct Study Guides Chapter 7

8:45 a.m.  Administer Chapter Test 7

9:00a.m. Lesson 4 — Fabrication Procedures for Heavy Pipe Shoring (Con’t)
10:30 am.  Review and prepare for Final Examination
11:00 am.  Administer Unit 290 — Final Examination
12:00 noon  DISMISSAL

Revised: 4-5-93 (Rev No: 000022)
opeiu—~3-afl-cio-211/1lr
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UNIT 290 - FALSEWORK & HEAVY TIMBER FRAMING

COURSE OBJECTIVES:

At the conclusion of this Unit the student should be able to gain skills helpful in the erection and
disassembly of temporary (falsework) structures in accordance with the acceptable practices of the
modern concrete bridge building industry. Emphasis will be placed on:

1. Assembly and dismantling of various patented, tubular, steel-framed tower shoring
configurations for high-rise construction.

2. Staging and erection of heavy timber falsework bents for low-rise construction.

3. Fabricating and welding heavy—duty pipe shoring for mid to high-rise construction.

SPECIFIC OBJECTIVES:

At the conclusion of this unit, the student should be able to:
1. Understand basic theory and practice of modern falsework construction.
2. Understand what type of falsework is used for what situation.
3. How to manage and erect different types of falsework.

4. How to safely release falsework.

xi UNIT 90 - Falsework & Heavy Timber Framing



PRE-TEST UNIT 290 - FALSEWORK & HEAVY TIMBER FRAMING

This quiz is designed to focus attention on the unit of instruction to be studied during the next
week. The questions are used as a means of testing for previously gained knowledge and to
identify subject matter to be learned. You will not be graded for this exercise.

TRUE OR FALSE: Circle the (T) or (F) in front of the numbered statement to indicate that
you believe the question to be true (correct) or false (incorrect).

T

T

F

F

1.

10.

11.

12.

13.

14.

15.

A shoring tower is a modular assembly of single or multiple—tiered
pairs of frames connected by pivoted diagonal cross bracing.

When stripping a shoring tower, all leg screws should be lowered si-
multaneously.

Screw legs cannot be used on top and on the bottom of steel frame
shoring.

A shoring tower is a modular assembly of single or multiple—tiered
pairs of frames connected by pivoted diagonal cross bracing.

With 4 ft. wide frames having 4 ft. or longer brace lengths, towers
should be tied to each other at a height of approximately 16 to 18 ft.
from the base in line with the plane of the frames.

Shoring frame stackup charts are sometimes available from manufac-
turers to aid the contractor in selecting combinations of frame stacks.

When stacking frames for any required height, the combination having
the least number of frames will be the most efficient.

All vertical shoring equipment must be erected and kept plumb in both
directions.

All jobs requiring vertical shoring should have a drawing prepared or
approved by a qualified person.

Shoring layout drawings should be available at the jobsite and should
be strictly adhered to.

In tower leg loading, it is OK to load one leg of a frame or one ledger
of a tower.

Bridge footings do not require special attention; because they are
placed rock.

The maximum unsupported length of the timber post should be
checked for buckling.

Cross bracing of timber bents is important for it prevents a side sway
force from causing a collapse of the bent.

Runways and platforms are never built on top of new construction.

UNIT 90 - Falsework & Heavy Timber Framing Xii



OVERVIEW:

This section (Part I) is intended to provide
basic examples of the various types of
shoring equipment available to the con-
struction industry. This section also gives
examples of efficient uses, advantages and
disadvantages, and special considerations
related to shoring methods. All types of F AL SE WORK
shoring can be efficient and cost effective

if matched to the proper job. Matching the

most efficient shoring system to its most
suitable application is the responsibility of

the shoring layout design engineer. SE HE 1 VY

All shoring erection must follow the shor-
ing layout specifically and must be erected
properly and in accordance with the lay-
out. The student should keep in mind that
safety requirements are of primary impor- T I M B E R
tance regardless of the type of shoring be-
ing used.

The following sections are intended as a
general guide to the principles and proce-

dures of safe shoring design and utiliza- F R14 M I N G
tion. The manufacturer or agent should
provide specific information on the char-
acteristics and use of equipment. Under
actual field conditions the manufacturer’s
design tables and instructions should be

consulted and followed for the type of
equipment in use.

PART ONE

FALSEWORK SHORING

UNIT 90 — Falsework and Heavy Timber Framing page 1



INTRODUCTION FALSEWORK SHORING

® Chapter 1. — Fundamentals of Shoring

® . Chapter 2. — Basic Shoring Design & Components
® Chapter 3. — Basic Shoring Calculations

® Chapter 4. — Understanding Falsework Drawings

page 2 UNIT 89 — Bridge Building & Advamced Blueprints



CHAPTER 1. - “FUNDAMENTALS OF SHORING”

STEEL-FRAME SHORING

In the late 1930s and the 1940s welded—steel—
frame scaffolding made its appearance as a
more efficient and simpler replacement for the
older, tube—and—coupler metal scaffolds. The
concept of a welded frame taking the place of
three or more pieces of tubing connected to
each other by loose scaffold couplers changed
the scaffolding practices in many areas of the
world (see Fig. 1-1). Line drawings of tube—
and—coupler scaffolding and frame—type shor-
ing are shown in Figs. 1-2 and 1-3, respec-
tively.

It was not until the 1950s that these labor—
saving scaffolding “frames”, as they generally
were called, began to be used to provide verti-

Y

Integrol
wood
nailers

}\\\'__’, 3 ,. v

e

T

N it

1 beom‘:")/ “

> <] fop plates ™,
3 pa

Plywood

cal falsework/shoring support to horizontal
formwork for slabs, beams, and other similar
concrete construction. A frame width of 5 ft.
became standard with 2 and 3 ft widths avail-
able on a more limited basis.

The earliest applications used wooden ledgers
(stringers) seated directly on the top, or
“header,” bars of the frames. This method was
not satisfactory or efficient since releasing the
shoring loads after concrete, as shown in Fig.
1-4. For heights of one or two frames this was
a passable but awkward process; for higher
work requiring multiple tiers of frames (lifts) it
was very difficult to safely release the threaded
screw legs at the base of the scaffold.

. Aluminum joists

47 1-beam
ledgers

[ Shering
frames

Fig. 1-1 Typical Modern Tubular, Steel-Framed Shoring

UNIT 90 — Falsework and Heavy Timber Framing
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FUNDAMENTALS OF SHORING CHAPTER 1.

Tube and

Typically
coupler post 6 6in
(198 m)
(152 or1.83 m)
wide tube (1.52m)
ond coupler wide frame

Fig. 1I-2 Cross Section through Tube-and Coupler and Frame-Type Shoring

L~ Frame

1

]

] "
No hrunners i

Tube and coupler Sectional frames

Fig. 1-3 Side View of Tube—and Coupler and Frame-Type Shoring

Attendant problems were soon discovered con- strength. Also, the header bars were insuffi-
cerning the wooden ledgers. Unless 4—in. ciently strong to efficiently develop the load
wood was used, the ledgers were laterally un- capacity of the frame legs. Efforts to reinforce

supported and could not be loaded to their full the header bars of the frames did not eliminate

Lowered Lowered
evenly evenly
AR AR R P AP | )

All screw legs
lowe?d l
eous
This screw leg simuitaneously
lowered first

(a) (b)

Al
T
"

Fig. 1-4 Stripping a Shoring Tower: (a) Poor Method and (b) Better Method
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CHAPTER 1.~

FUNDAMENTALS OF SHORING

Shim each side to
center stringers or
caps in U-Heads

N
A A

@ ®

Fig. I-5 Caps (Ledgers) in U-Heads;
(a) two 2—in. (b) two 4—in.

the collateral problems of the local crushing of
the lumber at bearing points on the tubular
members. Reinforced or not, practical limita-
tions resulted in the inability of the header bars
to carry much more than the strength of one leg
of the frames i.e., half—capacity leg loading.
This resulted in requirements of up to twice as

many frames as theoretically necessary to sup-
port any given concrete load. Fifty percent in-
efficiency with unnecessarily high costs was
the result. Many concrete contractors were
therefore reluctant to try this and were unwill-
ing to make additional investments to purchase
4 x 8 to 4 x 10 in. ledgers which loaded the
frames more efficiently. They were accus-
tomed to using 3 x 4, 4 x 4, and 4 x 6 in. joists
and ledgers in conjunction with wood or metal
single—pole shores. The scaffolding industry
was, and still is, a rental-oriented one, but logi-
cally, rental of wooden joists and stringers is
impractical.

However, some scaffolding manufacturers did
make small I beams (I4 x 7.7) available for
rental as an efficient substitute for 4 x 8 and 4 x
10 in. wood ledgers. While these became
popular with many contractors and did expand
the use of frame shoring, there still remained
physical limitations and drawbacks such as
necessary lateral overlapping of the beams that

®

Fig. 1-6 Cap (Ledger) Continuations (a) butted in U-Heads (b) lapped in U-Heads

UNIT 90 — Falsework and Heavy Timber Framing
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FUNDAMENTALS OF SHORING

CHAPTER 1.

e \-edger span .‘. Ledger span ___...1
Frame leg with )
! U heaa (typical?} '

[ 1
 ——a— [ i T — z
(a)

Wedge
~ S
= 727 /P/chqc
3‘/,&:—‘ Wedge —LZZ ——— ] z
Wedge

Fig. 1-7 Cap (Ledger) lapping: (a) incorrect lap — ecentric loading, (b) correct lap

made positions on the frame header bars ineffi-
cient by having to position the ledgers away
from the frame legs. Also, careless placement
of such beams subjected the header bars to
bending stresses and thus again failed to
achieve optimum leg-load capacities of up to
5000 Ibs. per leg.

The solution

To realize the frames’ full potential, the shor-
ing loads had to be applied concentrically to the
frame legs. Accordingly, the next develop-
ment was a historic one for both the construc-
tion industry and the scaffold manufacturers:
the design and manufacture of specialized

shoring accessories for use in conjunction with
the standard manufactured scaffolding frames.
The components were U heads or channels
(Figs. 1-5, 1-6, 1-7) to support and locate
stringers or caps; adjustable threaded screw
legs of up to 24—in. open adjustment (although
12 to 16 in. was normal), base plates with nail
holes, and shorter diagonal bracing as small as
2 ft. between frames. As these components be-
came more plentiful, huge numbers of standard
access scaffolding frames for shoring became
available having safe load capacities between
3000 to 5000 Ibs. per leg. Thus shoring con-
crete with scaffold frames became an everyday
event instead of an occasional one. (See Fig.
1-8)

Forming lowered
evenly using
top screw legs

Ve Ve

(b)

Fig. 1-8 Four-leg shoring tower with screw legs at top and bottom

page 6
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CHAPTER 1.~

FUNDAMENTALS OF SHORING

HEAVY-DUTY SHORING FRAMES

The next step was another logical one: design
frames especially for shoring. While doing
this, why not also make them stronger?

Some premature efforts were made to manu-
facture frames with legs of nominal 1.9— or 2
in. —~OD tubing. Unfortunately, the resulting
load capacity of 5000 to 7000 lbs. per leg was
not much greater than those obtainable with
standard scaffolding frames. Frames generally
had become standardized to use 1%-in—OD
tubing with wall thicknesses of up to 0.125 in.

Subsequently, the heavy—duty shoring frame
made its logical appearance with tubular legs
of 2% or 2'/> in. OD and with design shoring
load capacities of 10,000 1b. or more per leg.
Fig. 1-9 shows typical heavy—duty shoring
towers of various configurations.

Screw legs at
bottom, extension
tubes at top (tied)

Screw legs at
top only

Screw legs at L
top and bottom

The advantages and disadvantages of heavy-
duty shoring frames were as follows:

Advantages Disadvantages

Only one half the number Weight increased to 70

of frames for a given Ib. (31.75 kg) for a 4x6

shoring condition ft. (1.22 x 1.83) high
frame

Use of standard cross Short supply while

braces inventories were being
enlarged

Simpler design procedures

Sturdier accessories for Market saturation

rough handling (mid-1970s) took many
years

From then on, the staple of the industry were
frames with capacities of 10,000 1b. per leg.
The 5-ft width of the standard “access” scaf-
folding frames was changed to the more con-
venient modular 4—ft. width by 5 or 6 ft. high
sizes; these quickly became the “bread and but-

Screw legs at
top, extension
tubes at bottom

Screw legs at
bottom, short extension
tubes at top (no ties)

LJ

éééér

S 1

S

Fig. 1-9 Various frame shoring tower configurations

UNIT 90 - Falsework and Heavy Timber Framing
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FUNDAMENTALS OF SHORING

CHAPTER 1.

ter” items of shoring construction. Also, the
shoring accessories were made of thicker and
stronger materials to accept the larger vertical
loadings involved with these heavy—duty
frames. Larger U heads and screw legs and the
availability of preexisting brace sizes made this
type of shoring one of the most versatile and
adaptable tools that the building contractor had
ever known.

Another radical development was the telescop-
ing tube used inside the frame leg. Its applica-
tion was similar to that of a single—pole shore
with a pin and pinholes for rough adjustment: it
had an adapter with a short length of screw
thread for fine adjustment. These telescoping
tubes were named “extension” legs or tubes
and had working lengths of up to 5 ft. With their
rows of pinholes they were quickly christened
“piccolos.”

Today, there are many more types of equip-
ment available for shoring, covered later in this
chapter. However, the workhorse of the con-
crete construction industry is still the 4x5 or
4x6 ft. heavy—duty welded shoring frame.

Almost all makes of this frame are furnished
with some form of quick-acting mechanical
locking mechanism that enables fast attach-
ment of the cross bracing to the frames. How-
ever, wing nuts, hand—turned on threaded studs
welded to frame legs, are still being used by
some.

SHORING TOWERS

A shoring tower is a modular assembly of sin-
gle or multiple-tiered pairs of frames con-
nected by pivoted diagonal cross bracing.

The historical importance of the scaffold shor-
ing tower lies in the fact that it provided the fa-

page 8

cility of at least four single—pole adjustable
steel shores with extremely rapid erection.
Starting to shore a corner of an installation with
single—pole shores puts great reliance on the
moment strength of the ledger—shore top con-
nection in which the only connection is nails.
The use of wood bracing and lacing members
to plumb vertical steel shores and tie them to-
gether in a time—consuming and difficult proc-
ess for usually three or more workers if the
shores are over hand-reaching height. A scaf-
fold shoring tower, on the other hand, is
quickly and safely erected by only one worker.
The four legs of a tower give the equivalent fa-
cility of at least four shores, as mentioned, but
they are usually of a higher load capacity, have
built-in devices for each attachment of brac-
ing, are quick and easy to plumb and level, and
can be erected to great heights.

The use of two or more tiers of single—pole
shores is prohibited by many states. However,
Federal OSHA regulation (paragraph (d)(3) or
Ref. 1) allows it, but requires design and in-
spection of such installations by a structural en-
gineer. Sectional frame shoring does not have
such arequirement unless called for by a state’s
OSHA regulations or if the job is unusually
complex.

Design of frame shoring can often be done by
trained and experiences drafters or graduate
engineers without needing the services of an
experienced professional engineer, except for
layout approval or difficult design applica-
tions. Sectional frame shoring must be in-
stalled and used in conformity with a shoring
layout, generally designed and furnished by the
concrete contractors, the shoring manufactur-
ers, or their agents and distributors.

As the use of shoring frames expanded, the ap-
plications became more sophisticated and gen-
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FUNDAMENTALS OF SHORING

erally served to further reduce the use of sin-
gle—pole shores.

The scaffolding industry makes cross braces
available for spans as short as 2 ft. and as long
as 10 ft. between frames. When used with
long-span horizontal shoring beams, bracing
distances were expanded from 12 ft. up to 15 ft.
Because of this, care must be taken to ensure
that braces do not sag and pull the frames out of
plumb. The combination of shoring frames and
horizontal shoring beams is covered more fully
later in this chapter.

Frame shoring towers are very flexible mod-
ules because they come in a wide range of brac-
ing span lengths and frame widths. Although 4
ft. width is the standard—working nicely in
conjunction with 4 ft. wide plywood sheets—
frames 2 and 3 ft. wide are also popular because
they are adaptable as shoring for beam soffits
separately from slab shoring frames owing to
soffit height differentials.

Demand and supply developed enormously,
peaking out in the early 1970s as other, proprie-
tary shoring systems, such as column— and/or
wall-supported flying deck systems, large “ta-
bles” with trusses and room forms, also started
to become popular. However, large shoring
projects can require as many as 25,000 frames
or more!

ACCESSORIES /

By being able to combine various accessories
and brace sizes, contractors now have more
flexibility. Tower heights, taking advantage of
standard 12— and 24-in. extra-length screw
legs and piccolo extension tubes, can be easily
assembled for any job height by using the rela-
tively standard three frame heights of 4, 5 and 6
ft. with which most shoring heights can be

UNIT 90 - Falsework and Heavy Timber Framing

Top Plate or
—-:—4/ U-Head

[o]
#—— Extension Tube

Pin Holes for rough
adjustment

/ Fin
Lo4

—— ¢———— Collar

§1 ¢ Adjusting Collar

Fig. 1-10 Extension tube (piccolo) with
screw Adjustment

reached. Others, such as 3 ft. 6 in. and 3 ft., are
also available.

Some typical accessories, as shown in Fig.
1-10, provide threaded adjustment on tops,
bottoms, or both ends of the tower. U-heads
are available for almost limitless ranges of size
and types of ledgers, whether wood or steel.
The vertical sides of the U-heads give support
to wood ledgers during installation; however,
they are not designed or intended to resist over-
turning of the ledgers under shoring loads.

A wide selection of steel I beams is popular and
available for use as ledgers. These are gener-
ally used with “top plates” for attachment of the
I'beams to the frame legs. They are designed to
permit lateral overlapping of ends of beams at
frame leg junctions. Also available are rectan-
gular top plates that permit attachment of
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other—sized I beams when the top plate is posi-
tioned at right angles to the normal.

One of these is shown in Fig. 1-11.

Statavey

’h’quh

/> ao"’"’b’e@
PTIE

Swivel cam lock to
restrain I beom flanges

Fig. 1-11 Top Plate for securiong I-beam
ledgers.

CHAPTER 1 - FUNDAMENTALS OF SHORING
STUDY GUIDE

INSTRUCTIONS: Determine the correct word for each numbered blank in the sentence and

1.

write it in the blank space provided.

All shoring erection must follow the shoring * specifically
and must be erected properly and in accordance with the >

In the late and the *
welded—steel-frame scaffolding made its appearance as a more efficient and simpler re-
placement for the older, ° —and -°¢

metal scaffolds.

A frame width of ’ became standard with 2 and 3 ft.
widths available on a more limited basis.

To realize the frames’ full potential, the shoring loads had to be applied
8 to the frame legs.

Another radical development was the ° tube used
inside the frame leg. Its application was similar to that of a single—pole shore with a pin
and 1° for rough adjustment.

page 10 UNIT 89 — Bridge Building & Advamced Blueprints
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6. The™ legs of a tower give the equivalent facility of at
least 2 shores, as mentioned, but they are usually
of a higher capacity, have built-in devices for
each attachment of bracing, are quick and easy to plumb and level, and can be erected to
great

7.  Frame shoring towers are very modules because they

come in a wide range of bracing span lengths and frame widths.

8. A wide selection of ' is popular and available
for use as ledgers.

UNIT 90 — Falsework and Heavy Timber Framing page 11
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NOTES:
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CHAPTER 2. - “BASIC SHORING DESIGN & COMPONENTS”

STABILITY OF TOWERS

As a rule of thumb, any width—brace combina-
tion of tower size whose height is 4 or more
times greater than its narrowest base dimension
portends a stability hazard when not connected
by ties to other towers; this hazard is substan-
tially increased when people are working on
the tower. Two—foot wide frames and multi-
frame high towers having 2—, 3—, or 4—ft. brac-
ing are similarly unstable is not laterally tied.
The commonly accepted practice is to connect
rows of towers to each other with tube and cou-
pler horizontal lacing members, or where prac-
tical, with additional cross bracing so that rows
of frames are continuously cross braced in one
plane (Fig. 2-1).

With 4-ft. wide frames having 4 ft. or longer
brace lengths, towers should be tied (laced) to
each other at a height of approximately 16 to 18
ft. from the base in line with the plane of the
frames. If substantially high towers are in-
volved, repeat the lacing—bracing at every third
frame in height as work progresses. Lumber is

Row
ipacing

Fig. 2-2 Nailer plate fits around
Jrame leg, nailed to lumber brace or
tie.

also used to effect lacing-bracing, utilizing
specially spaced nailer plates (Fig. 2-2).

Lacing and bracing with 2-in nominal tubing
and 2%/s x 2 in. couplers affords a significant de-
gree of moment connection. This lacing should
be installed in both horizontal planes at each
three—frame level in the tower, unless continu-

Row of
shoring fromes

Tube couplers

Tubular
tower ties

Row of
shoring frames

Continuous cross - bracing
in each row

Fig. 2-1 Lacing of shoring towers in one direction, continuous cross bracing in the

other direction.

UNIT 90 — Falsework and Heavy Timber Framing
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CHAPTER 2.

Frame

Frame spacing

Rows of individual
shoring towers

Tubutar lacing

Tube and
couplers

spacing {unbraced,
i _{broced) | variable) |
-+ »
Row
spacing

Fig. 2-3 Shoring towers laced in both directions.

ous cross bracing can be used in one direction
(plane at right angles to frames).

For relatively “clean” installations (i.e, having
a flat, firm base), it is sufficient to attach these
“lacing” members to the towers as continuous
members with suitable scaffold couplers be-
tween the tubing and one leg of each tower,
even though the tube will pass by a second leg
of the tower without being connected. (See

,'\k'..(."‘- . Tube bracing coupled to
R
[& e\

Q.

A

i

—

Fig. 3-2) Installations involving multivariable
base and shoring height conditions should have
each lacing member coupled to two legs of each
tower that it passes. When shoring to or from
sloping surfaces, each tower leg in contact with
the forming of the sloping area should be tied to
its adjacent, similar member with ties attached
approximately parallel to the sloping sur-
face(s). Figure 2—4 illustrates this, in addition

each leg, in both directions

Important - wedge between
joists and ledgers for vertical
load transfer

Extension
tubes
<+—Adjusting
collar

Shoring
frames

Fig. 2—4 Shoring sloping surfaces.
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BASIC SHORING DESIGN AND COMPONENTS

to showing some recommended ways of proper
fastenings to avoid slippage of the members in
contact.

Continuity of these lacing—bracing members is
quite important to the stability of the installa-
tion as a whole since each two or more connec-
tions develop a rudimentary moment connec-
tion which is a valuable stabilization feature.
Also, screw legs can be tied together by the lac-
ing-bracing members, thereby distributing the
tendencies of one or more legs to deflect from
the vertical owing to lateral forces.

Indesigning a shoring system, it is very impor-
tant that it be considered as a synergistic
whole—possibly greater than the simple sum
of its parts. The interface between ledgers—
stringers and frame legs is an extremely impor-
tant one and should take precedence over all
considerations except overload of frame legs or
ledgers. Itis essential that ledgers be installed

———)

i

vy Total

E:lo.;:: f;:;me Iextension
en
3in
(762 cm)
Nut
(a) (b)

Fig. 2-5 Type A screw legs: (a) closed and (b)
open.

so as to: (1) have maximum surface contact
with the U head, (2) be suitably placed so that
ledger reaction loads are transferred concentri-

UNIT 90 - Falsework and Heavy Timber Framing

cally to frame legs by the use of centering
wedges and other suitable measures as shown
in Fig. 1-7, and (3) ensure that screw legs are
not extended beyond the manufacturer’s rec-
ommendations. Sloping ledgers must be
wedged to provide a horizontal seating surface
in the U had, as shown in Fig. 2-5.

|
¥ F— Nut thickness 2in  (508cm)
Dead gin
eg (20.32cm | Plain stem  55/8in  (14.29 cm)
J‘— L Base plate 3/8in (095 cm)

Dead leg Bin (20.32 cm)
(a)

thread”

Total,
extension

—

— Plgin stem

Base plate

(b)

Fig. 2-6 Type B screw legs: (a) closed and (b)
open. NOTE: Most manufacturers call out
the type of leg and either the fully extended leg
(extension) from the frame leg, or give the
amount of extension in terms of “exposed
screw thread”

SCREW-LEG EXTENSIONS

Frame-leg capacity is generally lowered when
using long screw—-leg extensions. Variations in
manufacturer’s designs preclude generaliza-
tions as to the degree of load reduction. When a
screw leg, completely closed, is inserted in a
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Extension
tubes

Adjusting 2

collars

!

Aed

\

Tuoe/coupler ties,
both directions

- Optimum two- thirds

to three - fourths of
extension height

<>

Al
i

Fig. 2-7 Shoring towers wiyh braced extension tubes.

frame leg, it adds a certain, nonreducible exten-
sion to the leg. This is known as the “dead-leg”
dimension and must be added to the frame and
sprocket stack—up height before adding the re-
quired screw-leg adjustment range for the situ-
ation. Several common screw—leg configura-
tions are shown in Figs. 2-5 and 2-6.

As for type A and type B conditions shown in
these figures, similar conditions exist at the
tops of the towers between screw legs and U
heads or top plates.

Generally, total extensions up to 12 in. do not
significantly decrease the loading. Above 12
in., the effect is variable and largely dep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>