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Introduction

This report contains a compilation of existing standard, nonstandard, and proprietary
structural forms, structural connectors, load bearing elements, and connections using steel or
precast concrete. It focuses on the superstructure of buildings, including the connection of the
superstructure to the foundation. Also included is an analytical framework of structural
elements and connections that represents all of the feasible combinations of the different types
of structural elements. We have also identified some examples of structural systems
specifically designed with complementary elements and connections.

This report was developed during the course of research on preassembled and
prefabricated systems at the Center for the Advanced Testing of Large Structural Systems
(ATLSS) at Lehigh University. The purpose of the research is to develop new structural
framing systems that take advantage of the possible benefits of preassembly and
prefabrication, such as lower cost, shorter duration, and improved safety. Our objective in
developing this report is to provide a basis for the development of new systems by identifying
the types of structural forms and connectors that are available, the types of structural elements
and connections that are available, the systems that currently exist, and new ways of thinking
about the combination of structural elements. We focused on stee]l and precast concrete
forms, since these materials can be used for preassembly and prefabrication of structural

systems.

This compilation used several excellent references for steel or precast concrete
-structural systems, aggregating their material-specific information into a general reference.
The references used most extensively were Design and Typical Details of Connections for
Precast and Prestressed Concrete (PCI, 1988), Manual of Steel Construction--Load and
Resistance Factor Design, First Edition (AISC, 1986), Design of Welded Structures (Blodgett,
1966), and Fundamentals of Building Construction (Allen, 1990). Each chapter lists major
references used and sources for information and illustrations where applicable.

This report is organized into four chapters. Chapter 1, Structural Forms and
Connectors, contains examples of the currently available steel and precast forms (e.g. W
shapes, channels, precast slabs), as well as the available connectors that are used to join the
forms into structural elements (e.g. bolts, welds, angles). Chapter 2, Structural Elements and
Connections, illustrates different ways that the structural forms and connectors can be used as
load bearing elements to perform particular functions (e.g. column, beam, wall, floor) and
how the different types of load bearing elements can be connected (e.g. beam to colum,
column to column, wall to beam). Chapter 3, Analytical Framework of Structural Elements
and Connections, was developed to explore all of the plausible ways of combining load
bearing elements, to establish new ways of thinking about this issue and possibly leading to
ideas for new structural systems. Finally, Chapter 4, Examples of Structural Systems,
identifies existing structural systems specifically designed with complementary elements and

connections.
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CHAPTER 1: Structural Forms and Connectors

Description

The purpose of this chapter is to provide a comprehensive reference of standard,
nonstandard, and proprietary steel and precast forms that currently exist, as well as the
available connectors that may be used to join the forms. This is especially relevant to the
design of new systems using prefabrication and preassembly, since it appears that the use of
standard structural forms makes the design easier and more likely to be accepted by industry.

"Standard" structural forms and connectors are those which are easily available from
steel and precast concrete manufacturers and fabricators. Standard structural forms and
connectors are created in mass quantities, as opposed to "nonstandard” structural forms and
connectors which require special fabrication activities, and "proprietary” structural forms and
connectors which are available only through licensed manufacturers or not commercially
available, Virtually all of the forms and connectors identified are standard; those that are

proprietary are indicated by italics.

Structural "forms" are shapes of materials with known structural behaviors used alone
or together as structural elements. "Connectors" are materials used to join structural forms.
Chapter 2 illustrates many ways that these structural forms and connectors are used as load

bearing elements.

The major references used in this chapter were Design and Typical Details of
Connections for Precast and Prestressed Concrete (PCI, 1988) and Manual of Steel
Construction--Load and Resistance Factor Design, First Edition (AISC, 1986).



Chapter 1 Qutline

Structural Forms and Connectors

I. Structural Forms
A. Steel Forms

00 N OV A W N e

9.

W Shapes (Wide-flange sections)
M Shapes

S Shapes (I-beams)

HP Shapes

American Standard Channels (C)
Miscellaneous Channels (MC)

Structural Tees
a. Cut from W shape (WT)
b. Cut from M shape (MT)
¢. Cut from S shape (ST)
Steel Pipe

10. Structural Tubing

11.

a. Square

b. Rectangular
Bars

a. Square

b. Rectangular

¢. Round

12. Plates

13.

Corrugated Steel Sheets

B. Precast Concrete Forms

WO N AW

10.
11.
12.
13.
14

Rectangular cross sections
Square cross sections
L-shapes
Inverted tees
AASHTO shapes (Bulb tees)
I-shapes
T-shapes
Solid flat slabs
Hollow core slabs
Double tee slabs
Single tee slabs
Channel slabs
Ribbed (cassette) slabs
Other miscellaneous shapes

IL. Structural Connectors
A, Steel Connectors

1.
2,
3.

*Not illustrated.

Bolts
Welds
Angles
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Plates (including gusset plates)
Structural tees
Channels
Shear studs
Rebar*
. Brackets*
10. Hangers*
11. Haunches*
12, ATLSS Connector
B. Other Materials used as Connectors
1. Grout
2. Cast-in-place concrete

% N o s

O

’ *Not illustrated. 1-3



Steel Forms
(cross sections)

1 111

W Shape M Shape S Shape HP Shape
(Wide-flange) (I-beam)

American Miscellaneous Angle (L)-- Angle (L)--

Standard Channel (MC) Equallegs  Unequal legs
Channel (C)

T T T

Cut from Cut from Cut from
W shape (WT) M shape (MT) S shape (ST)

Structural tees

Steel Square Rectangular
pPipe tubing tubing
O 7 O L
Square Rectangular Round Plate
bar bar bar
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Steel Forms (cont)
(cross sections)

TN N N
AVAVAVAVE

A T b Wi 4 WV A UV A W A WV W a U W

VAR A U A VY A W A Y A

~K KOO KO-
T UL

IYARYARY RV ERVERVARYE

Corrugated Steel Sheets
(Also available with stiffeners
for composite action)
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Precast Concrete Forms

(cross sections)

Solid flat slab Hollow core slab Double tee slab

Single tee slab Channel slab Ribbegl {cassette) slab

Other miscellaneous shapes
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Steel Connectors

- S| m—p

Bolts
e o
f:“;:_"fm
' ——
T
‘Welds
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Steel Connectors (cont)

L. L

Angles

T T

Structural tees Channels

Plates

Shear studs
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Steel Connectors (cont)

ATLSS Connector

SEATING SCREW

Figure 12. AC with All Features.

Figure 3. Phase I AC Prototype.

Source: Fleischman et al, 1993
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CHAPTER 2: Structural Elements and Connections

Description

This chapter illustrates the different ways that the structural forms and connectors
described in the previous chapter can be used as load bearing elements to perform particular
functions and how these different types of load bearing elements can be connected.

A "load bearing element" is a structural entity, such as a beam, column, wall slab, or
floor slab, that must have the capacity to resist certain applied loads and is used in
combination with many other load bearing elements to form a structure. A load bearing
element may be composed of a single structural form or a combination of many structural
forms joined with structural connectors. A “connection," as opposed to a “connector," joins
two load bearing elements by using one or more types of connectors.

There are several different ways to define load bearing elements. The first is the final
erected position of the element, which may be horizontal, vertical, or both (three-
dimensional). A "horizontal" element, such as a beam or floor slab, is one that lies primarily
within the horizontal plane, while a "vertical” element, such as a column or wall slab, lies
primarily within the vertical plane. A "three-dimensional” element has both horizontal and
vertical components. The second is the dimensionality of the element, which may be single,
planar, or three-dimensional. A "single" element, such as a beam or column, is an element
that can be approximated as extending in one direction, as opposed to a "planar” element,
such as a wall or floor slab, which extends in two directions, and a "three-dimensional"
element which extends in three directions. The third way to define load bearing elements is
by the continuity of the element, whether it is continuous or discontinuous. A "continuous"
element has a uniform, unbroken surface, while the surface‘ of a "discontinuous" element is
skeletal and interrupted. The final way to define load bearing elements is by the type of
material that the element is made of, which in this context may be steel or precast concrete.
Each of these factors is used to classify the different types of elements, the organization of

which is described in the next paragraph.

The first part of this chapter, which illustrates the different types of load bearing
elements, is organized according to whether the final erected position of the element is
vertical, horizontal, or three-dimensional (or "other" in the case of diagonal bracing members).
The horizontal and vertical elements are further broken down into whether the element is
single or planar. The single elements are listed according to the type of material they are
made out of. The planar elements are broken down further into whether the element is
discontinuous or continuous. Similar to the single elements, the planar elements are also
listed according to the type of material they are made of. The three dimensional elements are
not treated in as much detail as the single and planar elements; they are broken down
according to whether they are continuous and discontinuous and by the type of material they

are made of.
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The second part of this chapter gives examples of the different types of connections
that are used to join load bearing elements (excluding three-dimensional elements). The
organization of this section can be understood most easily with reference to Table 1.

Table 1: Categories of Connections Among Structural Elements by Orientation

Vertical
Single Planar
Single 1 2 Horizontal
Vertical ;
Single 4 6 8 9
Horizontal
Planar 5 7 9 10

The row and column associated with each number in the table refers to the two types of
elements that are being connected. In the text, examples of different combinations of these
elements are given by the type of connection (e.g. rigid moment resisting) and the materials
used. The numbers refer to the subcategories within the connection portion (Part IT) of this
chapter under which the particular connections are illustrated.

The major references used in this chapter were Design and Typical Details of

Connections for Precast and Prestressed Concrete (PCI, 1988), Design of Welded Structures
(Blodgett, 1966), and Fundamentals of Building Construction (Allen, 1990).
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Chapter 2 Outline

Structural Elements and Connections

1. Load Bearing Elements
A. Vertical Elements
1. Single Vertical Elements (Columns)
a. Steel
(1) W Shapes (Wide flange sections)
(2) M Shapes
(3) S Shapes (I-beams)
(4) Channels
(a) C Shapes
(b) MC Shapes
(5) Structural tees
(a) Cut from W Shapes (WT)
(b) Cut from M Shapes (MT)
(c) Cut from S Shapes (ST)
(6) Steel Pipe
(7) Structural tubing
(a) Square
(b) Rectangular
(8) Built-up sections
(9) Castellated columns
(a) W Shape
(b) Channels
b. Precast Concrete
(1) Square columns
(2) Square columns with corbels
(3) Rectangular columns
(4) Rectangular columns with corbels
¢. Composite
(1) Concrete-filled steel pipes or tubes
(2) Steel members inside concrete sections
2. Planar Vertical Elements (wall sections)
a. Discontinuous
(1) Steel
(a) Bents (Vertical preassembled sections)
(b) Tree columns ‘
(¢} H-sections®
(d) Vanderyl trusses*
(2) Precast Concrete
(a) H-frame
(b) T-frame
b. Continuous
(1) Steel
(a) Steel plates

*Not illustrated. 2-3



(b) Corrugated steel sheets
-(¢) Bents with corrugated metal siding, etc.*
(2) Precast Concrete
(a) Solid flat wall slabs
(b) Solid flat wall slabs with corbels
(¢) Hollow core wall slabs
(d) Hollow core wall slabs with corbels
(e) Double tee wall slabs
(f) Double tees wall slabs with corbels
B. Horizontal Elements
1. Single Horizontal Elements (Beams, etc.)
a. Steel '
(1) W Shapes (Wide-flange sections) .
(2) M Shapes »
(3} S Shapes (I-beams})
(4) HP Shapes
(8) Channels _
(a) C Shapes
{b) MC Shapes
(6) Structural tees
(a) Cut from W Shapes (WT)
(b) Cut from M Shapes (MT)
(¢) Cut from S Shapes (ST)
(7) Structural tubing
(a) Square
(b) Rectangular
(8) Built-up sections
(a} Plate girders (Built-up wide-flange sections)
(b) Open-web bar joists
(c) Top hat A
(d) Vescom joists*
(e) Vescom truss girders™*
(f) Other miscellaneous sections
b. Precast Concrete
(1) Rectangular beams
(2) Square beams
(3) L-shapes beams =
(4) Inverted tee beams
(5) AASHTO beams (Bulb tees)
(6) I-shapes
(7) T-shapes
(8) Other miscellaneous shapes
2. Planar Horizontal Elements (fioor sections)
a. Discontinuous
(1) Steel
{(a) Panels (horizontal preassembled sections)

*Not illustrated, 2-4



b. Continuous
(1) Steel
(a) Steel plates
(b) Corrugated steel sheets
(c) Panels with corrugated metal decking, etc.*
(d) Orthotropic decking*
(2) Precast concrete
(a) Solid rectangular floor slabs
(b) Hollow core floor slabs
(¢} Double tee floor slabs
(d) Single tee floor slabs
{e) Channel floor siabs
(f) Ribbed (cassette) floor slabs
C. "Three-Dimensional" Elements
1. Discontinuous
a. Steel
(1) Cubic frame system
(2) Falcon Steel "Hinged section”
(3) Preassembled 3-D sections*
b. Precast concrete
2. Continuous
a. Steel
b. Precast concrete
(1) Box modules*
D. Other Elements
1. Steel diagonal bracing members*

*Not illustrated. 2-5



II. Connections
A. Single Vertical Element to Single Vertical Element
Examples:
+*Steel column to foundation--column base
*Precast column to foundation--column base
+Steel column to steel column--column splice
*Precast column to precast column--column splice
B. Planar Vertical Element to Single Vertical Element
Examples:
*Steel bent to steel colurnns*
*Precast wall slab to precast columns--infill walls*
*Shear walls to columns®*
sExterior enclosure® . . i
+Steel bent to single foundation*
*Precast wall slab to single foundation*
C. Planar Vertical Element to Planar Vertical Element
Examples:
Steel bent to steel bent*
*Precast wall slab to precast wall slab
=Steel bent to foundation*
*Precast wall slab to foundation
*Steel plate to steel bent*
+Corrugated metal decking to steel bent*
D. Single Horizontal Element to Single Vertical Element
Examples:
*Steel beam to steel column (rigid, semi-rigid, or simple)
*Precast beam to precast column (rigid, semi-rigid, or simple)
E. Planar Horizontal Element to Single Vertical Element
Examples:
*Steel panel to steel columns*
*Precast floor slab to precast columns*
F. Single Horizontal Element to Planar Vertical Element
Examples:
*Steel beam to steel bent*
*Precast beam to precast wall slab
G. Planar Horizontal Element to Planar Vertical Element
Examples:
*Steel panel to steel bent*
*Precast floor slab to precast wall slab
H. Single Horizontal Element to Single Horizontal Element
Examples:
*Steel beam to steel girder (rigid, semi-rigid, or simple)
*Precast beam to precast girder (rigid, semi-rigid, or simple)
*Steel beam to steel beam--beam splice (moment or shear)
*Precast beam to precast beam--beam splice (moment or shear)
1. Planar Horizontal Element to Single Horizontal Element
Examples:

#Not illustrated, 2-6



*Steel panel to steel beam™

*Precast floor slab to precast beam

*Steel plate to steel beam™

*Corrugated metal decking to steel beam*

J. Planar Horizontal Element to Planar Horizontal Element
Examples:

+Steel panel to steel panel*

*Precast slab to precast slab

+*Steel plate to steel panel*

*Corrugated metal decking to steel panel*

*Steel plate to steel plate*

*Corrugated metal decking to steel plate*

*Corrugated metal decking to corrugated metal decking*

' K Other Connections
Examples:

*Not illustrated.

»Steel truss panel point connection®
*Bracing member to column*
*Bracing member to beam*®

2-7



Single Vertical Elements
Steel

W Shape Channel Structural tee  Structural tee
M Shape SShape  c MC Shapes) (Ch‘;tsf;‘;‘;g’ (g‘zthif;g Steel Pipe

Square Rectangular

Tubing Tubing Built-up Sections

(see next page
for more examples)

2-8
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Single Vertical Elements (cont)
Cross sections of miscellaneous built-up steel elements

TIIT X 4L
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Single Vertical Elements (cont)
Steel

Another Example of a Built-up Column

— 1 Tied together
with plates

W

FIG. 5 Two . open-web expanded beams..can
somefimes be nested together to form a col-
umn having o high moment of inertia about
both its x-x and y-y axes.

v -t
- ¥

4

Source: Blodgett, 1966
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Single Vertical Elements (cont)

Steel

More Examples of Built-up Columns

" FIGURE 18—Typical Built-Up Compression Members

AR P T AN (VB A7 Y A A R

Source: Blodgett, 1966
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Single Vertical Elements (cont)

Precast Concrete

Square columns

Rectangular columns
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Single Vertical Elements (cont)

Composite

Concrete-filled steel pipes or tubes

Steel members inside concrete sections
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Planar Vertical Elements

Discontinuous--Steet

giaN

Simple Example of a Preassembled Bent
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Planar Vertical Eilements {cont)
Discontinuous--Steel

T

Tree Column
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Planar Vertical Elements (cont)
Discontinuous--Precast Concrete

H-Frame and T-Frame

If

Y - -[CN— -/
(y/— H ~ Frame JN T-Frame \Wf

il

5 x if I :%

GPOUﬂd Level

1

Pl Fa

E:J .[_“_1 [ 1]

~

. (&) H - Frame Configuration

Cast-In-Place Footing
with Pedestal

(b) T~ Frame Configuration

Fig. 1.8.1 — Frame Configurations to Place Connections
Qutside of Plastic Regions

Source: PCI, 1988
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Planar Vertical Elements (cont)
Continuous--Steel

Steel Plates Corrugated Steel Sheets
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Planar Vertical Elements (cont)

Continuous--Precast

Ddubie tee wall slab

Hollow core wall Slhb_ | .

Solid flat wall slab

Hollow core wall slab Double tee wall slab

Solid flat wall slab

with corbel with corbels

with corbel
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Single Horizontal Elements
Steel

W, M, HP Shape Rectangular
Tubing
S Shape
Plate girder
Channel
(C, MC Shapes) Open-web
' bar joist
Structural tee
(Cut from W,
M Shapes)
"Top hat"
Structural tee
{Cut from
S shape)
Castellated
W Shape
Square Tubing
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Single Horizontal Elements (cont)

Precast Concrete

Rectangular Square L-shape Inverted tee _ AASHTO 'shapc

I-shapes

Other miscellaneous shapes
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Planar Horizontal Elements
Discontinuous--Steel

Simple Example of a Preassembled Panel
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Planar Horizontal Elements (cont)

Continuous--Steel

Corrugated
Steel Sheets
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Planar Horizontal Elements (cont)

Continuous--Precast Concrete

Solid rectangular slab Hollow core slab

Single tee slab Double tee slab

Channel slab Ribbed (cassette) slab
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Three-Dimensional Elements
Discontinuous--Steel

Cubic Frame System

Vertical
Post |

MODULE

 CORNER. .. e INTERNAL
MOOULE . MODULE

Fig. 1 Module types

Source: Kubic and Worrell (1991)
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Three-Dimensional Elements (cont)
Discontinuous--Steel

° .2 0] ° EXR
XY ° KX °
AN  E—

Falcon Steel’s "Hinged" Section
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Finish col.

CONNECTIONS
Single Vertical Element to Single Vertical Element
Steel Column to Foundation

Finish col.

Finish col.

. : %sm}p weld
, g or bolt
A
|

o | e

Finish col,

P

) H b

Finish cot.

T —————

\1 (Weld as \& <We!d as
required

required

Source: AISC, 1986
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_—Washer

1r
UJ ~Anchor bolts
\J
] =¥
1
1

&
ke
g
i
4

Washer

JENENITLS
usiurg

u

Steel Column to Foundation

1
—-—==. Anchor bolts

i)

Single Vertical Element to Single Vertical Element (cont)

109 Ustul 103 ysiul

Source: AISC, 1986
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Single Vertical Element to Single Vertical Element (cont)
Steel Column to Foundation

Horizontal plate
stifferers may be
placed between
column Aanges

Channe! set back
stightly from end
of column

Source: Blodgett, 1966
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Single Vertical Element to Single Vertical Element (cont)
Precast Concrete Column to Foundation

CH1 _ CF2

CF3 CF4

CF5 CE6

Source: PCI, 1988
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Single Vertical Element to Single Vertical Element (cont)
Precast Concrete Column to Foundation

CF8
CFS CF10
CFi1 CFi2

Source: PCI, 1988
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Single Vertical Element to Single Vertical Element (cont)
Precast Concrete Column to Foundation

\
)
B

s

1
T

2" Min. Grout Space

|

X

1

{a) Oversized Base Plate < hd

{b} Flush Base Plate

Fig. 4.13.1 — Column Base Connections

Source: PCI, 1988
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Single Vertical Element to Single Vertical Element (cont)
Steel Column to Steel Column

WELDED

Alternate location, if

permitted by web
D, framing —‘\
I i ,
~\—n

Focan N T

§l - COE @ ! i
‘é'f Note A piiat |
[P . i
2, - ' A A}
D, ’
BUTT PLATE |
DEPTH OF Dy AND Dy, DEPTH Dy NOMINALLY ERECTION AID AND
NOMINALLY THE SAME 2 IN. LESS THAN D, STABILITY DEVICE
D, D,
Note A
e |
! I = =
4 ! a &
I ‘ T & :
;1 L Lz
'i:gI : X ; < Fote A é—{j _ @T ; ST
=T = < |
| 1, 13
D, D, &T(NoteA
BUTT PLATE
REPTH OF Dy AND Dy, DEPTH D¢ NOMINALLY
NOMINALLY THE SAME 2 IN. LESS THAN Dy,

Source: AISC, 1986
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Single Vertical Element to Single Vertical Element (cont)
Steel Column to Steel Column

WELDED
Dl 4t‘7~
<Y ’
bt
Erection bolts o ' ~Erection }‘ff il LU
as required _ / clearance <ru/|i >
L 4 . , ]
E x i+ 8
i ™M -1
A A ] — Erectionm/ ‘f“T > g
- *ﬁ‘ pin hole - il k] 7 iy
ki {optional ) % //f/?-/ d =
ic i | L g
. W \/ o
bl %
L L € MJ
Finish bearing
D, plate in
accordance with

LRFD Spec. Sect.

DEPTH OF Dy AND Dy, . M2s
NOMINALLY THE SAME
BUTT PLATE
Dl
=3 i Weld to develop
58 i : filt plates
Eg | U i Erection Q N /_
gy /ciearance. _
3 :g £ Shimas ~H
ElE q requ:red_/ Erection boits
ES A as required
Erection

\all pin hole
{optional)

|

Finish

)

DEPTH Dy NOMINALLY
2 IN. LESS THAN Dy,

Source: AISC, 1986
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Single Vertical Element to Single Vertical Element (cont)
Steel Column to Steel Column

RIVETED AND BOLTED

D, D,
Erection
v clearance
Shim as Erection W W
required clearance i I
” 8 I
.ﬁ o s P - L ﬁ ] '-'-—-'”r-
= . S i el [ i &
E T ohoe I I vy T T Fiyl
< T ¥ 1 (optional g I 1 ! }: ::g:
= - - 110 2l A + jeediice
. I < ]
Pl
i Erection pin/ : :
-~ L M1 hole {optional) i
D, Shim as
required
DEPTH OF Dy AND Dy,

NOMINALLY THE SAME

D.
v} i
b
a @ A0 H 3
G S 4l Erection § ) B
5 S A/ Giesrance Ty fasteners 5
oy ; p c
S Shim as plates ml
Ble required I for bearing ;
R E= " B k=
wlE . e 1 aR ° B T
- - Erection—-"" |, S—T— 't = = 4
_‘:I T T  pin hole T =
[} b = . ;
X (optional) ) b n
g 1
i Finish bearing plate
. 1 in accordance with
5 LRFD Spec. Sect. M2.8
(3
DEPTH Dy NOMINALLY
2 IN. LESS THAN D, BUTT PLATE

Source: AISC, 1986
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Single Vertical Element to Single Vertical Element {cont)

Steel Column to Steel Column

_ §
Field bolts <§

£

PP YT

B
Shop bolts ,<§

g

&h ih & | & fh

For columns of
different flange
thicknesses, fill
plates make up

the difference \

PO T

A
T

B | B B B

Source: Allen, 1985
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FIGURE 2.35

Bolted column-column connections.
Column sizes diminish as the building
rises, requiring frequent use of the
lower detall,



Single Vertical Element to Single Vertical Element (cont)
Steel Column to Steel Column

e

N

% e
(c)

FIG. 1—Typical Column Splices

ANV | NN N

(a) (b)

}

Erection

NN N NN

(a) (5) (c) (d) (e)

FIG. 2 — Typical Column Splices

Source: Blodgett, 1966
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Partial-penetration
welds allow the
upper column o
rest on the lower
one prior to
welding

Single Vertical Element to Single Vertical Element (cont)
Steel Column to Steel Column

-

A hole 15 often
providsd for the
atlachment of a
lifung hne during
arection

Field boits hold Field bolts

the column in . —V
place prior to
welding The butt plate

transfers loads

6 be]!ween the \
colu CHO,
O 4 sectn ns-\ O O /

LN

P LTI TTTO T T TN

LLEZ2 0] T o

\/’——R )
S

FIGURE 9.39

Weided column-column connections.
The butt plate connection is used
when a column changes frot one
nominal size of wide-flange to an-
other.

Source: Allen, 1985

2-37



Single Vertical Element to Single Vertical Element (cont)
Precast Concrete Column to Precast Concrete Column

CCA Cc2

CC3

CC5 CC6

Source: PCI, 1988
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Single Vertical Element to Single Vertical Element (cont)

Precast Concrete Column to Precast Concrete Column

CC8

cC10

CC12

CC7

cct1

Source: PCI, 1988
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Planar Vertical Element to Planar Vertical Element
Precast Concrete Wall Slab to Precast Concrete Wall Slab

Wwi1 wwa2

Ww3 Ww4

Source: PCI, 1988

2-40




Planar Vertical Element to Planar Vertical Element (cont)

Precast Concrete Wall Slab to

Precast Concrete Wall Slab

WW5

WW6

Source: PCI, 1988
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Planar Vertical Element to Planar Vertical Element (cont)
Precast Concrete Wall Slab to Precast Concrete Wall Slab

Wwws

WWi0

Source: PCI, 1988
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Planar Vertical Element to Planar Vertical Element (cont)
Precast Concrete Wall Slab to Precast Concrete Wall Slab

l\/
—
N

Fig. 1.8.3 — Vertical Joints in Shear Walls

Source: PCI, 1988

2-43




Planar Vertical Element to Planar Vertical Element (cont)
Precast Concrete Wall Slab to Precast Concrete Wall Slab

l Gypsun boards

L e i ®

Figure 2.12 Lighrweight partitions: (a) cellular concrete and {b) gypsum board.

Source: Warszawski, 1990
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Planar Vertical Element to Planar Vertical Element (cont)

Precast Concrete Wall Slab to Foundation

Source: PCI, 1988
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Planar Vertical Element to Planar Vertical Element {cont)
Precast Concrete Wall Slab to Foundation

WF7 WF8

Source: PCI, 1988
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Single Horizontal Element to Single Vertical Element

Shimas
required

Provide driving

clearance Stiffaners— | —-Shear
sy {ifreqdy < boits
Finish to bear ===
Tee or angles f \ \
Cepe for fire
protection
5 (if req'd)
E
i -4
Ad it— v:»q;,—l-
N ¥ Sec. A . : 3
).
Shim as

v required £

K
Stiffeners< e = ¥
(if req'd) L. Shear bolts] 4

by

E

|

;

|

|

Steel Beam to Steel Column

MOMENT CONNECTIONS

Shim as
required

‘ {7

. ;’-;:‘V Siotted
I’" holes_as
l!_.!n permitted
] ;

koot s 3
+— Shim ag
.t " required
T 4551
: e TR &
_ ;
o Eany )
—_m\)’kww,._

Backing bar

Accessibility may
limit weld length
i

Source: AISC, 1986
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

Backup bars are
tack welded lo
the column to
support the
molten weld
metal during the
first pass of the

FIGURE 9.28

ode
electrod@—m————___ .

Ly

The welded
flanges provide
the moment-
resisting capaciey
of the connectiorn:

A clearance hole
in the web leaves
space for the
backup bar

A

The shear tab is.— o

shop-welded (o
the column and
field-bolted to the
beam. It supports
the bearn unti! it
is welded, and
provides

permanent shear -
resistance

Ej

ST ATTITITIIIIIN 13
a

ELUEIIL

NOOOOE

A welded moment connection (AISC

Type 1} for joining a beam to a col-
umn. The groove welds develop the
full strength of the flanges of the
beam, allowing the connection to

transmit moments hetween the heam
and the column. If the column flanges
are not stiff enough to accept the mo-
ments from the beam, stiffenér plates

similar to those in Figure 9.36 are

welded between the column flanges

in the plane of each of the beam _
ﬂanggs. The weld symbols are those
explained in Figure 9.25. Note that

' Some are field welds, and some are

_Shop welds.

Source: Allen, 1985
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A clearance hole
in the web allows
"down-hand"”
welding of the
lower flange

:

-



Deep structural

| lees with two

rows of boits
deveiop the full
strength of the

Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

beam flanges
m& oo

T OO o

Q0
Q0
oNe
Q0

()L,

Yrn e

TN AN 0 I o

o,

W

Y v PO Y w5

—_—

A coped tee
provides shear
support to the
web of the
bearn

Source: Allen, 1985
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FIGURE 9.33

This detail of an all-bolted AISC Typg 1
(momen?) connection illustrates the
difficulty of developing the full
strength of the beam flanges with
boits. This type of connection is so
troublesome and expensive to make
that it is very seldom used. It involves
four different planes of contaci, which
complicates fitting,



Single Herizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

The flag on the
welding symbol
denotes a field
weid, made
during erection.
If there is no flag,
the weld is made

FIGURE 9.36

in the shop
=
o
o]
|
O
v
ol
A
The stiffener

plates are thicker
than the beamn
flanges, and
extend out
beyond the .

_column flanges,

tareduce... ... .
concentrations of
stress at
connection points

A welded beam-to-column-web con-

nection (AISC Type 1).

Source: Allen, 1985
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

14, EXAMPLES OF CONTINUO'US CONNMNECTIONS

- VRN
iy
R i———

FIGURE 74 (q) FIGURE 74 (b) ) FIGURE 74 (c)

Source: Blodgett, 1966
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

Sho,b
Weld

FIGURE 1

L

FIGURE 2

Source: Blodgett, 1966
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

.

Altermate method of
butt welding top flangz
connecting plate {o
column flange using
backing bar.

FIGURE 3

g FIGURE 4

Source: Blodgett, 1966
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Single Horizontal Element to Single Vertical Element (cont)

Stee]l Beam to Steel Column

Ly

Shop bolts hold
the connecting
angles lo the

beam\

Field boits -+
conriect the bearn
to the column

O 000
OO0 00

-

Of
Of
OF
Of

T 0 O

ry

altows for shght
Inaceuracies, and
makes It easler to
fower the beam
o place during
erection

-

An end clearance /

Source: Allen, 1985
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FIGURE 9.27

Two elevation views of the framed,
bolted beam-to-column-flange con-
nection shown in Figure 9.26. Thisisa
shear connection only (AISC Type 2),
because the flanges of the beam are
not rigidly connected to the column.



Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

O
1O

i

g
i

i

=L 5

T

FIGURE ¢.32

The stablizing
angle prevams

The seated
conneclion is
used rather tisn
the framed
connectic io
connect o the
web of a
column, beszuee
it allows bettar
sccess for the
oneumatc
vrenchss ussd
bolting

ihe beam from
twisting, Where a
column 2ads at
the roof of a
building. the
angle is tolted to
the side of the
beam wead

The seat angle E
supports the
shear load. ltis
shop-bolted to the
column
d H/
[t
il
i

Seated beam-to-columun-web con-
Rection, Although the beam flanges
e Connected to the column, thisisan

SC Type 2 (shear) connection, not 2

Source: Allen, 1985
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moment conpection, beceuse the two
bolts are incapable of developing the
full strength of the beam flanges.



Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

S A

ETSTEIRITIITIEETR LIS IRARTRY

|
. o
4
: L—Bolts hold the
£ connection g H
E - -N E .
G 3 tegether until it is 7 3 E @
3 walded 3

Bacause their top e
ard bottorn edges
ars not welded to
the column, the
angles can flex to
allow slight
retation between
tke bearn and the
coiumn

P
o

FIGURE 9.38
- ARG Type 2 (shear) connections are - -~
also made by welding. The beam
flanges are not connected to the col-
urnn, and the angles are welded in
such a way that they can flex to allow

the beam to rotate away from the
column,

Source: Allen, 1985
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Single Horizontal Element to Single Vertical Element (cont)
Steel Castellated Beam to Steel Column

4" clear (typ)

2 12" or 8" (typ

Detail A - 3 Detail A - 4

Detail A - 6 | . Detail A - 7

Detail A - 8 Detail A -9

Source: Chaparral Steel
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

-

Mere connecting

bolts are required

at the top of the

beam, where the ) E D

tensile forces pry

the plate away O O}/ E[ QJ

from the column =11

O £0O iz

The beam is fillet 3
welded all 3
around to the E
plate. This is done a 1
in the shop 3

This type of To counter this
connection must problem, the
be fabricated beam is

with a high sometimes
degres of deliberately
accuracy to fit shortened and
properly batween shims are
columns, hecause provided to fili
there is no end the remaining
clearance o . gap

absorb any

inaccuracies

-

FIGURES37 .. .

A welded/bolted end plate beam-
column connection. The connection
shown is AISC Type 3 (semi-rigid);
with more bolts an AISC Type | end

plate connection is possible, although
not commaon.

Source: Allen, 1985
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Single Horizontal Element to Single Vertical Element (cont)
Steel Beam to Steel Column

TUBULAR COLUMM~f ¥}
{ H i
E ; REINFORCIMG BARS

REINFORCED CONCRETE SLABy | : SHEAR STUD
\ : e s METAL DECK
=1 i 253 [+ o |p{ : 143 15 'FL,' F|
LI X i1 EH u . s i : 1 il i .0
ess  Hes
o &8l e L
S = 1
WE GIRDER — : S ATLSS CONNECTOR
]
o s, et b f i oin. e o
i E =
L !
I ]
-~ b vr TeE
HUCK'S TWIST-OFF ELIND BOLT (TEB> N
: \ﬁNGLE STIFFENERS
: ;
Figure 1.2

Figure 1.2 Proposed Partially Restrained
Composite Connection

Source: Lawrence, 1994

2-59



Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

GC1 GC2

GC4

sy

GC6

Source: PCI, 1988
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

GC7

GCs GC10

GC11 GC12

Source: PCI, 1988
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

GC18

Source: PCI, 1988
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

GC21

!
GC24 | ¥ o~

Source: PCI, 1988
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

Fockets are
grouwted after
tensioning is
complete
¢ FIGURE 12.18
;_‘,4‘{,9 3 A possttensioned, structurally contin-
A uous beam-colurmn connection.
Diry-pack grout P ,ﬁ/@”‘
Posttensioned 2
tendom—— =,
>l
Anchorage plate H
[]
FPocket for g
tensioning jack ’ ’ §
/ i / Bearmg pad
s | :
8
; = Corbel

Source: Allen, 1990
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

FIGURE 12.17

» ’ A beam-column connection in which

‘ the dapped beam ends rest on a steel
wide-flance haunch,

= i

&=

Sizel weld plate
/ I\J cast inlo column
Stegl angle
cenrector
‘ Steef angle weld

plae cast into
bezm

4 ]j;‘
‘._H pian o
o
Ak
tip
!

i o
e Y ""L":-'_T_-—_—" ,..M"'.: = HRR T R SRS =
ety Y ) oy
Stes! angle
=7y >
- 2 L be..’. ing surface -
2 } cas: into dapped
- L

e enc of beam
Bearing pad i :

¥
£
- &1
LI _.-4 ‘
L’D‘ze dap Is dry-

Steel wide-flange

? ! i . ,
haunch cast into 1 pacied with
column ;ﬁ" ill mﬁmi{ grout when the

|1| :; oo cormection has
tr— +- Jé— ~ﬁ- beea completed
4

Source: Allen, 1990
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

SHEAR REINFORCEMENT

PRECAST CONNECTION
COMPONENT

COLUMN SPLICE BARS

\CASTmlePLACE COLUMN

~L

Figure 3.13. Cross-shaped beam-to-column component.

Source: Prior et al, 1993
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

Figure 3.17. Column-to-edge beam connection detail. The steel plate from the column is bolted
to the steel beam plate for stability during erection [adapted from Bison Concrete 1970].

Source: Prior et al, 1993
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

!
t—-—//
M M{I’ PRECAST T—BEAM

PREFABRICATED / \_ |
REINFORCEMENT PRECAST COLUMN TUBE
CAGE X

e

R REINFORCEMENT CAGE

CAST—IN-PLACE
FOOTING

Figure 3.22. Footing-to-column and beam-to-column connection. Tongue of tee beam is
dropped into slot of precast colummn.

Source: Prior et al, 1993
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

Erd of Standard Beam.

o ‘ Standard Column or intill Baam.

-

R

End of Stardard Beam.
or Infilt Beam

Figure 3.27. Beam-to-column connection and bolted beam-to-beam mechanical connection
[adapted from Contiframe Structures 1992]. '

Source: Prior et al, 1993
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Single Horizontal Element to Single Vertical Element (cont)
Precast Concrete Beam to Precast Concrete Column

\ KNIEE
\SPerBox

|~

Q{SLIDEBOX

- Figure 3.36. The BSF prefabricated beam-to-column shear connection. The steel knife from

the beam is slipped into the column splitbox [adapted from @Dstspenn Holding A/S 1991}

Source: Prior et al, 1993
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il ]
sl

Precast Concrete Beam to Precast Concrete Column

1

AT

Single Horizontal Element to Single Vertical Element (cont)

Figure 3.37. Bolted beam-to-column connector [adapted from Trent Concrete Structures

1992].

Prior et al, 1993

Source
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Single Horizontal Element to Planar Vertical Element
Precast Concrete Beam to Precast Concrete Wall Slab

BW6

Source: PCI, 1988

2-72




Plapar Horizontal Element to Planar Vertical Element

Precast Concrete Floor Slab to Precast Concrete Wall Slab

Sw4

1988

Source: PCI,
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Planar Horizontal Element to Planar Vertical Element (cont)
Precast Concrete Floor Slab to Precast Concrete Wall Slab

Source: PCI, 1988
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Planar Horizontal Element to Planar Vertical Element (cont)
Precast Concrete Floor Slab to Precast Concrete Wall Slab

SW12

Source: PCI, 1988
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Planar Horizontal Element to Planar Vertical Element (cont)
Precast Concrete Floor Slab to Precast Concrete Wall Slab

lShims as required

FIGURE 12.28

Typical details for slab-wall junctions
in the structure shown in Figure 12.27,
The reinforcing in the wall panels and

the prestressing steel in the slabs is

omitted from these dra

sake of clarity.

The pocket Is
crouted after the
connection Is
made

wings for the

Source: Allen, 1990
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\—-Re:‘nforciug bars
in the grout keys
berween slab
e.zments tie the
fisor strueture
legether across
the supporting
wall



Single Horizontal Element to Single Horizontal Element
Stee] Beam to Steel Girder

FIGURE 1

Source: Blodgett, 1966
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Beam to Steel Girder

FIG. 13 Beams framing to girder web.

' Source: Blodgett, 1966
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Beam to Steel Girder

FIGURE 9,33

A coped beam-girder connection (AISC
Tyrs 2). A girder is a beam that
surports other beams, as shown on the
fraing plan In Figure 8.39,

The tog flange is ‘
cut back st an

The coped
connecon brings

angle, (o srevent
the flarze of the
cutting ioreh from
penetraing oo
deeply e the

the tog of the
beam lsvel with
the lor of the
girder o provide
a feve! surface o

web suppor: the foor
deck

Y Z

ol

Q o
50 of::'e

288

0 L lodBo

Tkere s little
Lending momes:t
attheendof a
s:mply supported
beam, so the
removal of a
sraall area of
flange is usuaily
not criics!

!
asenfiwwemmmy

Source: Allen, 1985
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Beam to Steel Girder

“Fig. 21.2

22 Beam-to-bean conection wstng weh cloass.

Fig, 21.23 Schenurtic arrangenmeny Sor a hean

=to-Deain conncction Hsing q
- welded end plase,

to-beam conncetion WSEHY Serting and restraining cleats,

Fig. 21.25 Bram-~

Source: Blanc, 1993
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Castellated Beam to Steel Girder

| =
Detail A - 5
Detail A - 10
Detail A - 11
e i ]

Source: Chaparral Steel Co.
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Single Horizontal Element to Single Horizontal Element (cont)
Precast Concrete Beam to Precast Concrete Girder

Source: PCI, 1988
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Beam to Steel Beam

SHEAR SPLICES

”—-a!l

< H I c
7lor

2 plates

14 framing angles
2 plates

Note: Of the above types, 4 framing angles is most flexible.

Source: AISC, 1986
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Beam to Steel Beam

BOLTED MOMENT SPLICES

Shim asw

"

Splice plate

R ey gy gl

Backing
bar

a S o e bl L o

WELDED MOMENT SPLICES

Splice plate — "
; ; Q:\(Ship too)sy R ' Backing Note A
. S a trection boits

Shear carried
by seat angle
or tee

Shear carried

AN i

L

/ _ byweld
S

hear carried "Backing bar
by bolts

Erection-

: < Noteh beam -
bolts

webs (typ.)

Source: AISC, 1986
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Single Horizontal Element to Single Horizontal Element (cont)
Steel Castellated Beam to Steel Castellated Beam

‘ool
t t
‘--c--q«...'

Detail A - 12

Source: Chaparral Steel Co.
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Single Horizontal Element to Single Horizontal Flement (cont)
Precast Concrete Beam to Precast Concrete Beam

BB2

BB3

Source: PCI, 1988
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Planar Horizontal Element to Single Horizontal Element
Precast Concrete Floor Slab to Precast Concrete Beam

SB1

SB2

SB5

SB6

Source: PCI, 1988
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Planar Horizontal Element to Single Horizontal Element (cont)
Precast Concrete Floor Slab to Precast Concrete Beam

SBY | SBs8

SB9

SB12

Source: PCI, 1988
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Planar Horizontal Element to Planar Horizontai Element
Precast Concrete Floor Slab to Precast Concrete Floor Slab

SS1 SS2
A
ei.:’::.'i.-—:ui'f_- ;.':7...:7:::_.7..7': "\L“"
S o g é(cn ' o |
—:'v\\ Sl
R~ . o ] R Qi
e&t—;]_gl"lg%}'.;:i"_ﬁj ‘iL
o. oL . . o
SS3 554

585

SS6

Source: PCI, 1988
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CHAPTER 3: Analytical Framework of Structural Elements and
Connections

Description

This chapter explores all of the technically feasible combinations of elements, by
orientation and assembly continuity, revealing the similarities and differences in the way
elements may be combined. It provides a framework for the analysis of structural systems,
specifically the interaction between the orientation, dimensionality, and continuity of the
structural forms and the nature of the connections. This portion of the report goes into more
detail as to the possible orientations of the elements; however, connection details are not
shown and the elements are not classified by material but treated as having generic properties.
This chapter is relevant to preassembly and prefabrication by establishing new ways of
thinking about this issue and possibly leading to ideas for new structural systems.

This section is organized like the second part of Chapter 2 dealing with connections
for load bearing elements. The organization of this section can be understood most easily
with reference to Table 1. The row and column associated with each number in the table
refers to the two types of elements that are being connected. In the text, examples of
different possible combinations of these elements are given by the orientation and continuity
of the elements. The numbers refer to the sections within this chapter under which the
particular connections are represented. This analytical framework extends the analysis of the
connections in Chapter 2 to consider all the technically feasible relationships between
elements, rather than limiting the discussion to those that currently exist.

Table 1: Categories of Connections Among Structural Elements by Orientation

Vertical
Single Planar
Single 1 2 Horizontal
Vertical :
Planar 2 3 Single Planar
Single 4 6 g 9
Horizontal
Planar 5 7 9 10
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Chapter 3 Outline
Analytical Framework of Structural Forms and Connections

I. Single Vertical Element to Single Vertical Element
A. Column to Foundation (column base)
B. Column to Column (column splice)

II. Planar Vertical Element to Single Vertical Element
A. Continuous Planar Vertical to Columns
1. Continuous Planar Vertical on top
2. Continuous Planar Vertical on bottom
3. Continuous Planar Vertical inside two-columns
4. Continuous Planar Vertical on exterior of colurans
B. Continuous Planar Vertical to Single Foundations
C. Discontinuous Planar Vertical to Columns
1. Discontinuous Planar Vertical on top
2. Discontinuous Planar Vertical on bottom
3. Discontinuous Planar Vertical inside two columns
4. Discontinuous Planar Vertical on exterior of columns
D. Discontinuous Planar Vertical to Single Foundations

IIi. Planar Vertical Element to Planar Vertical Element

A. Continuous Planar Vertical to Continuous Planar Vertical
1. One on top of the other
2. Side by side
3. Side by side (at corner)

B. Discontinuous Planar Vertical to Discontinuous Planar Vertical
1. One on top of the other
2. Side by side
3. Side by side (at corner)

C. Continuous Planar Vertical to Discontinuous Planar Vertical
1. Continuous Planar Vert. on top of Discontinuous Planar Vert.

el DDiscontinuous-Planar-Vert:-on top-of-Continuous Planar-Vert. - -

3. Side by side

4. Side by side (at corner)

5. Face to face
D. Continuous Planar Vertical to Continuous Foundation
E. Discontinuous Planar Vertical to Continuous Foundation

IV. Single Horizontal Element to Single Vertical Element
A. Beam connected to Column
B. Beam simply supported over Column
C. Beam continuous over Column

V. Planar Horizontal Element to Single Vertical Element
A. Continuous Planar Horizontal to Columns
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Continuous Planar Horizontal connected to Columns
Continuous Planar Horizontal simply supported over Columns
Continuous Planar Horizontal continuous over Column(s)
Continuous Planar Horizontal "surrounding” Column
Column(s) simply supported over Continuous Planar Horizontal
B. Discontinuous Planar Herizontal to Columns
1. Discontinuous Planar Horizontal connected to Columns
2. Discontinuous Planar Horizontal simply supported over Columns
3. Discontinuous Planar Horizontal continuous over Columns
4. Discontinuous Planar Horizontal "surrounding" Column
5. Column(s) simply supported over Discontinuous Planar Horizontal

S

VL. Single Horizontal Element to Planar Vertical Element
A. Beam to Continuous Planar Vertical

1. Continuous Planar Vertical connected to Beam(s) along length

2. Continuous Planar Vertical connected to Beam end(s)

3. Continuous Planar Vertical simply supported over Beam(s) along

length
Continuous Planar Vertical simply supported over Beam end(s)
Continuous Planar Vertical continuous over Beam
Beam connected to Continuous Planar Vertical(s)
Beam simply supported over Continuous Planar Vertical(s)
Beam continuous over Continuous Planar Vertical
B. Beam to Discontinuous Planar Vertical
Discontinuous Planar Vertical connected to Beam(s) along length
Discontinuous Planar Vertical connected to Beam end(s)
Discontinuous Planar Vertical simply supported over Beam(s) along
length

Discontinuous Planar Vertical simply supported over Beam end(s)
Discontinuous Planar Vertical continuous over Beam
Beam connected to Discontinuous Planar Vertical(s)
Beam simply supported over Discontinuous Planar Vertical(s)
Beam continuous over Discontinuous Planar Vertical

B SRl - B RN VN

RS

VII. Planar Horizontal Element to Planar Vertical Element
A. Continuous Planar Horizontal to Continuous Planar Vertical
1. Continuous Planar Horizontal connected to two Cont. Planar Vert.
2. Continuous Planar Horizontal simply supported over two Continuous
Planar Vertical .
3. Continuous Planar Horizontal continuous over one Cont. Planar Vert.
4. Continuous Planar Vertical connected to Cont. Planar Horizontal
5. Continuous Planar Vertical simply supported over Continuous Planar
Horizontal
6. Continuous Planar Vertical continuous over Cont. Planar Horizontal
B. Discontinuous Planar Horizontal to Discontinuous Planar Vertical
1. Discontinuous Planar Horizontal connected to two Discontinuous

Planar Vertical
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6.

Discontinuous Planar Horizontal simply supported over two
Discontinuous Planar Vertical

Discontinuous Planar Horizontal continuous over one Discontinuous
Planar Vertical

Discontinuous Planar Vertical connected to Discontinuous Planar
Horizontal

Discontinuous Planar Vertical simply supported over Discontinuous
Planar Horizontal

Discontinuous Planar Vertical continuous over Discontinuous Planar
Horizontal*®

C. Continuous Planar Horizontal to Discontinuous Planar Vertical*
D. Discontinuous Planar Horizontal to Continuous Planar Vertical*®

VIIIL. Single Horizontal Element to Single Horizontal Element

cnwp

Beam connected to Girder

Beam simply supported over Girder
Beam continuous over Girder
Beam splice

IX. Planar Horizontal Element to Single Horizontal Element
A. Continuous Planar Horizontal to Beams

1.
2.
3.

PN B

Continuous Planar Horizontal connected to Beam(s) along length

Continuous Planar Horizontal connected to Beam end(s)

Continuous Planar Horizontal simply supported over Beam(s) along
length

Continuous Planar Horizontal simply supported over Beam end(s)

Continuous Planar Horizontal continuous over Beam

Beam connected to Continuous Planar Horizontal

Beam simply supported over Continuous Planar Horizontal

Beam continuous over Continuous Planar Horizontal

B. Discontinuous Planar Horizontal to Beams

1.
2.
3.

00 N O\ B

Discontinuous Planar Horizontal connected to Beam(s) along length

Discontinuous Planar Horizontal connected to Beam end(s)

Discontinuous Planar Horizontal simply supported over Beam(s)
along length

Discontinuous Planar Horizontal simply supported over Beam end(s)

Discontinuous Planar Horizontal continuous over Beam

Beam connected to Discontinuous Planar Horizontal

Beam simply supported over Discontinuous Planar Horizontal

Beam continuous over Discontinuous Planar Horizontal

X. Planar Horizontal Element to Planar Horizontal Element
A. Continuous Planar Horizontal to Continuous Planar Horizontal

1.
2.

Side to side (splice)
Face to face (one on top of the other)

B. Discontinuous Planar Horizontal to Discontinuous Planar Horizontal

1.

*Not illustrated.

Side to side (splice)
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2. Face to face (one on top of the other)

C. Continuous Planar Horizontal to Discontinnous Planar Horizontal
1. Side to side (splice)
2. Face to face (one on top of the other)

XI. Other Connections
A. Truss panel point connection*
B. Bracing member to column¥*
C. Bracing member to beam*

*Not illustrated.
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Single Vertical Element to Single Vertical Element

A. Column to Foundation (Column base)

i

B. Column to Column (Column splice)




Planar Vertical Element to Single Vertical Element

A. Continuous Planar Vertical to Coluinns

1. Continuous Planar Vertical on top 2. Continuous Planar Vertical on bottom
m ¥
3. Continuous Planar Vertical inside 4. Continuous Planar Vertical on exterior
two columns of columns

g

B. Continuous Planar Vertical to Single Foundations

3-7



Planar Vertical Element to Single Vertical Element (cont)

C. Discontinvous Planar Vertical to Columns

1. Discontinuous Planar Vertical on top 2. Discontinuous Planar Vertical on bottom
N, r3l by Koy
¢ ] ] U] L
3. Discontinuous Planar Vertical inside 4. Discontinuous Planar Vertical on exterior
two columns of columns
e
=, =
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Planar Vertical Element to Planar Vertical Element

A. Continuous Planar Vertical to Continuous Planar Vertical
1. One on top of the other 2. Side by side 3. Side by side at corner

N

N

B. Continuous Planar Vertical to Continuous Foundation

C. Discontinuous Planar Vertical to Discontinuous Planar Vertical
1. One on top of the other 2. Side by side 3. Side by side at corner

Y P = s o

Fa




Planar Vertical Element to Planar Vertical Element (cont)

D. Discontinuous Planar Vertical to Continuous Foundation

e, r'&

) ) =

E. Continuous Planar Vertical to Discontinuous Planar Vertical

1. Continuous Planar Vertical on top of 2. Discontinuous Planar Vertical on top of
Discontinuous Planar Vertical Continuous Planar Vertical
o, r:}

VR

VAV |
| '

3. Side by side 4. Side by side at comer

‘:}________—'__mm'j

N

5. Face to face

oy !" —

o
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Single Horizontal Element to Single Vertical Element

A. Beam connected to Column

T

B. Beam simply supported over Column

.

C. Beam continuous over Column
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Planar Horizontal Element to Single Vertical Element

A. Continuous Planar Horizontal to Columns

1. Continuous Planar Horizontal 2. Continuous Planar Horizontal
connected to Columns simply supported over Columns
- - \.m ‘ —

7
4

- "L \ | . .

3. Continuous Planar Horizontal 4. Continuous Planar Horizontal
continuous over Column(s) "surrounding” Column

RN m
LN

5. Column simply supported over
Continuous Planar Horizontal
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Planar Horizontal Element to Single Vertical Element (cont)

B. Discontinuous Planar Horizontal to Columns

1. Discontinuous Planar Horizontal 2. Discontinuous Planar Horizontal
connected to Columns simply supported over Columns
'y

§ ) 5

{ 1 L
Ll Nl
3. Discontinuous Planar Horizontal 4. Discontinuous Planar Horizontal
continuous over Column(s) "surrounding” Column
N [
L

5. Column simply supported over
Discontinuous Planar Horizontal
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Single Horizontal Element to Planar Vertical Element

A. Beam to Continuous Planar Vertical

1. Continuous Planar Vertical connected 2. Continuous Planar Vertical
to Beam(s) along length connected to beam end(s)
TR |
3. Continuous Planar Vertical simply 4. Continuous Planar Vertical simply
supported over Beam(s) along length supported over Beam end(s)
| a— | A————
~ 5. Continuous Planar Vertical - 6. Beam connected to Continuous
continuous over Beam Planar Vertical(s)
OR )
7. Beam simply supported over 8. Beam continuous over Continuous
Continuouns Planar Vertical(s) Planar Vertical
\\Q B : :
AN \ —_— ,

N

N
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B. Beam to Discontinuous Planar Vertical

Single Horizontal Element to Planar Vertical Element (cont)

1. Discontinnous Planar Vertical connected
to Beam(s) along length

3. Discontinuous Planar Vertical simply
supported over Beam(s) along length

e

U

P

NN

5. Discontinuous Planar Vertical

continuous over Beam

P

7. Beam simply supported over
Discontinuous Planar Vertical(s)

3-15

2. Discontinuous Planar Vertical
connected to beam end(s)

L.}

4. Discontinuous Planar Vertical simply
supported over Beam end(s)

|

6. Beam connected to Discontinuous
Planar Vertical(s)

L 5

8. Beam continuous over Discontinuous
Planar Vertical

R

P




Planar Horizontal Element to Planar Vertical Element

A. Continuous Planar Horizontal to Continuous Planar Vertical

1. Continuous Planar Horizontal connected 2. Continuous Planar Horizontal simply supported
to two Continuous Planar Verticals over two Continuous Planar Vertical

A

M

A

3. Continuous Planar Horizontal continuous 4. Continuous Planar Vertical connected to
over one Continuous Planar Vertical Continuous Planar Horizontal

\ | \ \ \\\ \\

Y d

5. Continuous Planar Vertical- 6. Continuous Planar Vertical continuous
simply supported over Continuous over Continuous Planar Horizontal
Planar Horizontal

AN

S 30 Ny
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Planar Horizontal Element to Planar Vertical Element (cont)

B. Discontinuous Planar Horizontal to Discontinuous Planar Vertical

1. Discontinuous Planar Horizontal connected 2. Discontinuous Planar Horizontal simply supported
over two Discontinuous Planar Vertical

to two Discontinuous Planar Verticals

e I B S erd

OR

1N

N0 1 0 T |

3. Discontinuous Planar Horizontal continuous 4. Discontinuous Planar Vertical connected to

over one Discontinuous Planar Vertical

.

5. Discontinuous Planar Vertical
simply supported over Discontinuous
Planar Hortzontal

3-17
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Single Horizontal Element to Single Horizontal Element

A. Beam connected to Girder

B. Beam simply supported over Girder

C. Beam continuous over Girder

LN

N

D. Beam splice
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Planar Horizontal Element to Single Horizontal Element

A. Continuous Planar Horizontal to Beams

1. Continuous Planar Horizontal connected
to Beam(s) along length to Beam end(s)

N, = S

2. Continuouns Planar Horizontal connected

3. Continuous Planar Horizontal simply 4. Continuous Planar Horizontal simply
supported over Beam(s) along length supported over Beam end(s)

N gu—

6. Beam connected to Continuous
Planar Horizontal

5. Continuous Planar Horizontal
continuous over Beam

N —
N\

N

7. Beam simply supported over 8. Beam continuous over Continuous
Continuous Planar Horizontal Planar Horizontal

\\ AN h |
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Planar Horizontal Element to Single Horizontal Element (cont)

B. Discontinuous Planar Horizontal to Beams

1. Discontinuous Planar Horizontal connected 2. Discontinuous Planar Horizontal connected

to Beamn(s) along length

to Beam end(s)

A\ .\ T

3. Discontinuous Planar Horizontal simply
supported over Beam(s) along length

N

5. Discontinuous Planar Horizontal
continuous over Beam

.

T

7. Beam simply supported over
Discontinuous Planar Horizontal

a N
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4. Discontinuous Planar Horizontal simply

- supported over Beam end(s) -

e

6. Beam connected to Discontinuous
Planar Horizontal

8. Beam continuous over Discontinuous
Planar Horizontal
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Planar Horizontal Element to Planar Horizontal Element

A. Continuous Planar Horizontal to Continzous Planar Horizontal
1. Side to side 2. Face to face (one on top of the other)

N AN
L =

B. Discontinuous Planar Horizontal to Discontinuous Planar Horizontal
1. Side to side 2. Face to face (one on top of the other)

_ -

C. Continuous Planar Horizontal to Discontinuous Planar Horizontal
1. Side to side 2. Face to face (one on top of the other)

. =S
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CHAPTER 4: Examples of Structural Systems

Description

With the intention of providing more efficient methods of construction than the
traditional method of stick-building members, new structural systems have been developed.
For our purposes, a "structural system" refers to a set of structural elements specially
designed to fit together using specific connections to simplify erection. Structural systems are
designed for certain conditions or loads and they are most efficient when the elements and

connections are used together.

In this chapter, examples of structural systems specifically designed with
complementary elements and connections are represented. These examples provide insight
into different approaches that may be taken in response to the need for new systems for

efficient prefabrication and preassembly.

The major references used in this chapter were "Minimization of Floor Thickness in
Precast Prestressed Concrete Multistory Buildings" (Low et al, 1991) and Industrialization
and Robotics in Building, A Managerial Approach (Warszawski, 1990).
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Examples of structural systems

Afcost System

BVM-TIP System

Composite Dy-Core System
Etoile System

Field plant System

Hojgaard and Schultz System
IMS System

Milz System

MSF Wideslab System

. Nebraska System
. Opera System

PSI System

. Quickfloor System

Spanclad System

. Tracoba System

Univaz System
Vescom System
Yuval Gad System

Chapter 4 Qutline
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Afcost System (United Kingdom)

Source: Warszawski, 1990
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BVM-TIP System

€

/Q..\\'

Fig- 8. BYM-TIP system — Connection details.

Source: Low et al, 1991
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Composite Dy-Core System

Concrete topping (optional)

. Cast-in-place ¢

fit pour
()

P o
4 v

Interior soffit beam S ‘-\_,‘.,-\___.
typical 8" x 4'-0 \ --.-':6‘3 - 1 ~
ﬁ"'\ ~ "/‘ A
N A

Temporary shoring

Fig. 2. Composite Dy-Core system.

Source: Low et al, 1991
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Etoile System (France)

SRR
SO SO NS SO S N I ()

by

Figure 2.19 Etoile school systzm (France): {a) general scheme; (b),(c) structural ele-
‘ments; (d) connection detail,

Source: Warszawski, 1990
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Field Plant System (Israel)

220

0

‘Thermal Insuiation

Cast in situ concrete \

ANREAYATANAY

— ‘b .
Compriband ] 40—
Thermai insulation prmm,
lliad L
-
Z -
: | T
e==ip I
| ! S
a Floor finish Compriband
__?,7{3%2’_1 20,,+_ (sand and tiles)
' 30
(b} ©

()

Figure 2.16 Field plant systern (Israel): (a) general scheme; (b} vertical section; (¢),(d) horizontal

sections.

Source; Warszawski, 1990

4.7




Hojgaard and Schultz System

80 100 120

I section through

(&)

ojgaard and Schultz s

and joint, and {¢} horizontal secti

Figure 215 o

wal

ystern: (a) axonometric view, (b) vertica

on through wall and joint.

Source: Warszawski, 1990
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IMS System (Yugoslavia)

/

Wl N\

(2} {b}

N

(e (d)

Figare 2.21 IMS system (Yugoslavia): (a) general scheme; (b),(c) prestressing and columns
connection; and {d) picture.

Source: Warszawski, 1990
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IMS System (cont)

— Bars protruding from floor panels

{weld-spliced)
; Strand
- CIP Joint —— ) /’;— Fioor panel

[ Void <=

Steel Frame

(temporary support)

\

-y

Column

*F. P. = Floor Panel

PLAN SECTION A-A |

Fig-7. IMS system:

Source; Low et al, 1991
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Milz System (Germany)

F
-
- '\'IhN .
S—, D
—
—,
. .
‘..""-<
—
T
~—
—
—
o,
7] e )
L
] /
-'-'"-.___ .
——
- .\
l/
— ~
— v

Source: Warszawski, 1990
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MSF Wideslab System (United Kingdom)

s N
Pl i"" k3

Fig. H.Fiﬁgree Widesfab.

s o ¥
OFTIONAL vaID NEGATIVE BEAM BT,
{AS REQ D)
REINFORCED /
CONCRETE BEAM
OMPOS B

(POURED N PLACE) COMPOSITE SLA
L /
P ¥ R i . DR W . - :
) “« vl ool L R—

t ' Y ' { ? l E Y . ¥
- [ I -y - Py » )

A
N
"

POSITIVE BEAM STL A
{As REQ'D)

«J

2} FilLiIGRES ——
BEAM SOFNT

STD BEAM GDGK FORM

CSOLUMN BEYOND

Fig. 4. Construction details — Filigree beam and slab.

Source: Low et al, 1991
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Nebfaska System

Fig. 8. Proposed system.

Fig. 10. Precast concrete beam.

Source: Low et al, 1991
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Nebraska System (cont)

8.0
8" End of cast-in-place g-
.__.! flange
A
; ",? <
{a} Plag \— Cast:in.place
tap flange
T T T 77 1o P
Transverse steel cage reinforcement
Column
reinfarcement \ / / |
- - z 2 ._:ﬁlmm
) . -+~ f- - ™~
L .« @ ! . hY [ i
) \--—- Bottorm beam
’ strandg projecting
. Temporary steel angle into CIP joint
(b) Section A {c) Section B
Fig. 11. Details of system in beam-to-column area.

Source: Low et al, 1991
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Opera System (France)

Slab

Lightweight
board

{attached) g
g': ¥
e il

1

i

i

Hi

i

.l ,_;,E e C 1001101

H

" Footing
{ . AN
4

!
i

(a) (b)

Figure 2.17 The Opera system (France): (a) general scheme and (b) schematic details of elements
and connections. :

Source: Warszawski, 1991
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PSI System

Cast.In-Place
n 6 5/8" / Cancrete
34 1 j_’ ,
16" >
~— Precast Joist
51/4'

Cast-In-P]
Concrete

b

4

b

)
-

S B
t

uer

—— Precast Joist

)]
S

Fig. 5a. PSI system — Precast joists.

Cast-In-Place

‘_‘\ Precast Plank
Conérete (
b -
mmmmmm I¢==mmar_xmm
| N =
"‘:-}“ { -t 13 - '_
A
/ r 6 12
> 1
Precast - o TN o
Plank | | Precast Soffit
™ 24 ™ Beam

Cast-In-Place

Concrete
T Precast Plagk | :
LN\ oo
— by 11] {“{_
L <
|
f
g 1/2"
4 \ “~ Precast Plank
16" Precast Soffit
- » Beam

Fig. 5b. P8I system — Precast soffit beams.

Source: Low et al, 1991
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Quickfloor System

Column
(CIP or Precast)

CIP Topping
(70 mm, (3 in.)}

Shear Reinforcement

Negative Reinforcement

/— Wire Fabric

e
l \ Holloew Core Plank
Precast Portion (420 x 1200 mm)
of Beam (17x47in.)
(300 x 1800 mm) Positive
(12x 74 in.) Reinforcement

Span = 17.8 m (58"

Y

4

Temparary Shoring

Fig. 6. Quickfloor system.

Source: Low et al, 1991
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Spanclad System (United Kingdom)

(@)

Waterproofing
Welded end -
connectiors

Shear connectors

Bearing pad

Shear connectors

Bearing pad

() (<}

Figure 2.20 The Spanciad system {United Kingdom): (a) general scheme, (b) suppor: of slabs
on a girder, and (c) support of slabs on exterior wall.

Source: Warszawski, 1990
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Spanclad System (cont)

i}

s“\f

NIIZS

|
!

\.;

7/

/
i

14

Source: Warszawski, 1990
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Tracoba System (France)

FIG. 139

Tracoba system (Meaux, France). Suspended external wall panels, joint between cross-wall
pane! and external wall panel

Source: Sebestyen, 1965
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Univaz System (Hungary)

7 ..rv\ "
70
a.w.\%

gsm—

S ph——

: Warszawski, 1990

Source
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Vescom System

Source: Vescom Structural Systems, Inc., 1992
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Yuval Gad System

1080 et 720

===

() ' {c)
Figare 2.18 Yuval Gad school system (israel); (a} general scheme, (b) casette floor element,
. (¢) diamond-shaped exterior wall, and (d) picture,

Source: Warszawski, 1990
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