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. INTRODUCTION

The large scale expansion of the construction industry created
";— thfe need for more efficient and economical prestressed concrete slabs _

that were ndt available.

-

Hence the creation of a flat slab covering a greater range of

‘spans became appa?ent due to the fact that the existing solid slabs weré

[N

not structrully efficient and' economical.

—

The hollow-core sTab has come into the industry to fill the void.

= The hollow-core slab is a flat slab with longitudinal cores running
' WV,

;along the span. The structure of hollow-core slab %s such that concrete

" is eliminated from where it is not needed. This results in a much

@y

Lightér component. According to the shape of the voids dead weight is
reduced up'té 50 per cent of a solid slab, with equal étrength and

" durability, allowing reduction in size of beams, columns and footings.
< Hollow-core slabs have been made fbr severa] years.” In the
u,.,i/* © .« early yéars of their ‘appearance in the industry ho]low-co}e s1éb§ were

made by many different éystems. Some were produced in fixed forms and

~ - .
some in movab}z”?orms. The variations were mostly in the coring system.

M
There have been cores made with round paper tubes, square tubes, plastic
o
tubes and pneumatic inflated tubes. \

- In reference (1) it is mentioned that one enterprising producer

I 5 —
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in F1or1da successfully produced a hollow-core slab by pulling 1ong

metal tubes ehrough the forms with a truck in order to'slip form the

voids of the section. . : ; \ R
N PO .

The sudcess of the industry with“the hollow-core s1ah, convinced -

a number of oeople to begin working en automotation ‘ o

T
.

The result of research ‘and deve]opment programs sponsored by #

vy B

_precast concrete producers was the development of a machine to produce

" building construct1on. They are compat1b1e with pract1ca11¥ any type

concrete” topping sTab may'also‘be poured to connect them.

hollpw-core slabs by extrusion. It is believed that Henry Nagy (1)

first in 1954, modified a German ‘machine and began produc1ng prestressed

‘ ho]]ow -core slabs in United States These s1abs were 1n/the market under

the trade name Spancrete. . o -

Today more etticientchtruders.have been developed, which

extrude ho]]ochore slabs automat1ca11y and cont1nuous]y on 1ong beds.

The hollow-core slabs have found their w1dest app11cat1on in

of framing, system: precast’bearing~walls, masonry bearing walls, precast

Y

\
. concrete frame, steet .frame and cast-in-place bearing wal\s (Figs. 1, 2).. .

Cantilevers for balconies or overhangs are easily accomp]1shed The -

ﬁnd1v1dua1 slabs are joined by grout1ng to form a flat rigid deck.. A .
. ~ v

rd

The cells (voids) can be used as air ducts- for heating and cooling
»

A}
—

and as electrical raceways. The units have satisfactory resistance to
sound transmission, heat conductance and" f1re Ihe‘f]oor‘finish may. be

any of the range of finishes normally possible over concrete decks. The

smooth undersurface of ‘the slabs may be ‘utilized as a finished ceilifiy

°
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. CHAPTER 1 g

TYPES - MANUFACTURING AND ERECTION OF

o HOLLOW-CORE SLABS

1.1 Types of Ho]]ow COre Slabs

¢ o

Theré are numerous types of precast prastressed hollow-core slabs

in the market. The major difference is the shape of voids. The cross

Sectional dimensions and configuration of shear key also vary among

A S

" producers. .

Voids in the hollow-core slaBs may be of circular, oval or —
rectargular cross section. As a rule these run in the Hirection*of the

span. The shape of voids affects the self-weight of the slab. The

‘,we]ght per unit area of a s1ab w1th rectangular cells is about 20% 1ess

.than one with c1rcu1ar cells of identical thickness. For example from

PCI Handbook part two pages 2 36 and 2-40, an 8-in.thick "Span- Deck"
holTow-core slab (rectangular cav1t1es) weighs 45 pounds per square feet
while a "F1e¥icorej (circular cav1t1es)we1gh557 pounds per square feet,

This difference in unit wefght saves’approximately 22.p$r cent of

| concrete per unit area for the slab with rectangular voids.

This slab was designed in two versions:

<« An e&ample of precast prestressed hollow-core slab with oval voids,

developed in Poland is shown in Figure 3a. : ;

I “

v
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% ¢ T ‘ -
- Homogenous in MK 250 concrete and
- Two-layer casting with the Tower'3 cm consisting of MK 400
concrete and the ﬁemainder of MK 200 concrete. I

—

The'mean’ thickness of the slab is 11.6 cm. The reinforcement consists

of twin-twisted wires of 2.5 mm[diameter. ‘For a slab of 5.90 m x 1.49 x-19¢cm,

the weight of reinforcing steel is only 1.6 kg/m? . The above slabs are
manufactured oﬁ long stressing beds uijng sliding p]acing plant.

Several types o% holl1gw-core s]abs were developed in the Soviet‘“
Union. Figure 3b illustrates one.such slab.which has oval ducts. This
slab is lighter than a similar slab with voids of" circular ciross sect1on
(20% sav1ng in concrete), its production, however, is somewhat more —

difficult.

The slab with rectangular voids shown in Figure 3c is usually

used for roof deck construction. _With regard to material requirements,

-

and therefore we1ght it is s1gn1f1cant1y more favourab]e than roof,unlts

with circular cavities as mentioned before. These s]abs which are

A}

produced in, the U. S. A. called "Dynacore", carry large superimposed loads

( ~and can be constructed for 1ong spans. A section 24-in. deep can span

-

up to 90-ft. Top and bottom f]anges are transversaly prestressed

Canada and United States- produce hollow- core slabs in a. var1ety
o% standard sect]ons. Deqtﬁ§ range from 4 to 16-in. w1dths range from
16 to 96-in. in limited increments dependihg on the praduct usedl, Spans
are available for more “than 40 feet. These slabs are manufactu}ed by the

extrusion process on long beds. Typical B-in. thick sections are

shown in Figure 4.



1.2. Manufacturing

The success of the:precast concrete jndustry w}th the hollow-core
slabs over the last 30 years. encouraged the producers to continue their
research and development programs for more effic{ent and economic ways

"to produce hollow-core slabs. The need for economical manufacturlng of
hollow-core slabs is so that they can_replace the solid slabs wh1ch ate
low cost production. '

.The most ag;anced method of making cored slabs is by extrusion
in longbbeds. The éxtruder is quite expensive, bﬁt considering that
this mefhod is meant for large-scale manhfacturing'it is, on the whole,
rather economical. ‘ |

’The extruder pours the slabs one on the top of the other up to
several layers in’the full iength of the bed (FigTIS). In between the
pod?ing\of each layer the surface is covered with a bond breaking agent.
After release strength is achieved the slabs are cut, with a concrete
saw, to specifi; iengths ordered (?Tg. 6a). The slabs are transported
to storage for final curing (Fib. 6b).

The extruder exfrudes at a rate approximately 3 to 10 linear feet
per midyte depending on the mach1ne s, capab111ty Their product1on
capacity is governed by the length and number of casting beds 1nsta]1ed
Production also depends upon the curing facilities and on the arrangements
made fbr-the supply of the dry coné;ete mixture for the extruder.

Currently, a new-profile machine (2) is in ﬂevg]oéﬁent‘by
Spancrete to meet the specific needs of small volume producers at a

—

substantial reduction in investment.

¢
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1.3 Erection of Hollow-Core Siabs

Eréction of ho]low—cbre slabs follows procedures which are
generally common in erection df precast &oncrete panels.

The size of hollow-core slabs is an important disadvantage -
compared to solid"slabs. As mentioﬁgﬁ before hollow-cowe slabs are-
produced in standard sections: The maximum width in North Americ; is:
é-fgaﬁ Solid slabs produced in the industry in almost any size. . This
means more 1ifting of hollow-core slabs per p[oj;ct ishdeeded. One
should taken into consideration the purchase and operation of larger
lifting appliances will partly offset solid $lab sqving.r

Another disadvantage of hollow-core slabs is’becausé of unit éize
the qumber of joints is increased, increasingdthé amount of fitting and
finishing work. . - |

The cost of processing and erecting hollow-core slabs is greater

thaﬁ that of solid slabs.

A

1.4 Mechanical._lInstallations ' !

Because of the increased environmental demands, the ratio of
coSts for mechanical and electrical installations to total building
cogt has increased substantially in recent years.’ Precast"prestresséd
hollow-core slab is used in a va}iety of buildings and its integration
with 1ighting, mechanical plumbing and other services is of importance
"to the designer. With hofwa—core slabs, additional duct worg‘can be
, eliminated. The-Qoids can provide ducts or raceways for various

mechanical and electrical systems (Fig. 27).0 Large openings for access

B 2
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aretusually made by~ lock-outs in.the fofms during manufacture. Angle
headers are 6ften used for framing (see Fig. 14). Smaller openings
(J; to about 8-in.) are uéﬁa]]y field drilled or cut (Fig. 23).

' Integration of mechanical and‘e]ectricai systems with solid slab :
assembliss requires additional costs and greater floor or roof thicknesses.
One reason is the absence of voids which involves ad&itipna] work. Ahofher
reason to substantiate this is that drilling(or cﬁtting field openings

in solid slabs is not an easy task.

et 1o Ko
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~ CHAPTER 2

-

DESIGN CONSIDERATIONS ' N

2.1 General

|

In flat slabs the prestressing,’%f it is ecpnomically designed

will cause camber of the units. As a result of minor variations in the

!

__eccentricity of the tendons and in the quality of‘the'conérete the

Vs

amount of camber will génerally differ a little from one unit to another.

. This phenémenon may cause particu]ar*difficu]tiég in connections with
the_installation of internal walls, besides presenting awkward irrequlari-
ties at the joints. Reasonably econoﬁica] prestressing is pos§ible only
with hollow f]oo} units. The solid é]ab requires a‘yery 1drge pre- - 7
stressing f;rce and therefore a re]atite1y large quantjty of prestressing
steel. /

The small séifiweight of ‘the hollow-core slabs compared to solid
. ones, a]]ows'thelcoredtslabs a great span. This greater span, up to\50—ft

)

or more, a]fows)for'rqduction of supporting elements in a building
withoui increasin; elements' size.

The load-span curves shown in Figures 6, 7 show the span and
load ranges for variaus depths of hollow-core avai]abl%jq; all ,areas in
the United States and Canada. The loads shown are based on the provisions

" of the American Concrete Institute building Code (ACI 318-71).

~ ' ~ .




The maximum span to depth ratio shown is 50 and is‘the recommended

'‘maximum for roofs. Ratios above 40 (shaded areas) are not necommended
.

for floors. The curves 1nd1cate safe 1oad capacity for a g1ven span

and may-be used to tentat1ve1y’se1ect the depth of the ho]low core units.
At this stage of the design consult the local hollow-core s]ab'manufac-

- turers as camber and deflection may 1imit the use of a particular depth

unit even though the load carrying capacity is satisfactory.

2.2 Cantilevers X
ﬂoi1ow-corg slabs are often used as cantilevers in building

construction (Fig.:9). This means negative moment"fs developed over

the supbort. For a hollow-core slab to be used as'a nantilever it must

be designed.fdr that use, hollow-core producers have technical data

available on the cap%bilities of their product when u;nd as a cantilever.
For 1nn§ canFi]evers the negative moments on the supports are v

large enough and regative reinforcement is required. A traditional ap-

proach of cantilever slab des%gn is_by placing mild steel reinfnrced - -

bars (Fig. 10). The cored, are cut open directly behind the extruder and

Ay
§

the bars and ‘concrete are placed shortly thereafter.
Pretentioned strands are sometimes used to improve performance-
characteristics of canti]ever systems. In prestressed cantilever systems
/ \EE? strands are not efficiently used bésause unnecessary strands are
placed where not needed (4). This often necessitates "b]ock1ng out"
(retarding, taping, etc.) nther strand in order‘to control stresses at the
cantilever support ‘or back span. When\unstresssd strand is provided instead ,

of mild steel bars, the stress factor load should be limited to 6000 psi (5).

i




- It is suggested (5) that service load tension be Timited to 100 psi X
(including prestress) when prestrered strands are used and to the
cracking tension (GJ?;) when non prestressed steel is. used for ' “ﬂimﬁ ‘

-

negative moment resistance.

2.3 Structural Continuity of Hallow-Core Slab Systéms

ﬂeavy loadings or fire considerations require gre%téf flexwral *

i |
cdpacity than that of the most heavily prestressed section of a given

thickness. In such cases negative moment continuity at the support can
help. a . \

| -Tests (6) havé‘iﬁdicatgd that continuity (ginforceAeﬁt placed /
in the érouted key joints and clamping action of walls provide only

1limited - negative moment continuity."

K

composite structural topping reinforced over the supports.

A sizeable negative moment capacity can be achieved with a

The objective of tests (7), conducted by Rosenthal, was to /
find an efficient cbntinuous cannection for a multispan system of precast
prestressed hollow-core slabs wfkh&ut a concrete topping. Continuity

was obtained by casting 1n_g]ace the inner support siab zone and filling |
its voids in the negative moment zone with reinforcing bars (Fig. 11).

The lesti show, that it is advantageous to use continuity in precast

prestressed hollow-core slabs without a concrete topping, provided that

the ;ast in place portion over tﬁe iﬁner supports is adequate}y strong.

]
-This proposed technique-produced a high degree of continuity indicating

that the reinforcing bars in the negative region were properly anchored

with practically no slippage. In comparison to the simply supported.
. 2

7




o
! 3

slab, the continuous hollow-core s]a% tested carriedzhigher loads with
proportipnately 5nﬁ]1er deflections.

Reduction df positive moment can be'achieved for superimposed
&

~ )
load¢ after continuity is established.+ Load due to.the self weight of

g

the slab is carried by s%mp]y supported spans unless the slabs are
‘ z
shored while continuity is established: ’ : :

Structural continuity is appropriate for a floor only if it is
assembled from small units, as these enable a top reinforcement

(continuity reinforcement) to be more easily installed (3).

1

2.4 Load Distribution - Vertical Loading

‘ Vertical shear is induced in the ke}way when adjacent slabs are
subjected to different vertical loads e.g., one slab supports a
concenfrated load such as a partition wall ‘while the adjacent slabs
carry on}y tﬁeir own weight( Fig. 12). "The problem is essentially to
de%]ect_the adjoining slab edges thus ensur{ng'baftiéipatipn of such
slabs in the sffﬁétura] response. '’ Theldistributioa to adjacent members
is achieved by the/shear strength of the grouted keys.

Former ACI standard 711-58 (8) permitted distribution of
concentrated loads uniformely ovér three units on each side of the
loaded unit byt never over a greater total width 0.4 of the clear
sp&n distance. Concentrated loads near a support may nof distribute
in this manner.

B. Lewicki (9)\considérs that for slabs 1.8 mm wide with keyways
completely filled with grout the loaded slab will carry 50% and the

adjacent slabs 25% each of the conceﬁtrated load (Fig. 13a). When the

RN




| 1
coLcentrated Toad occurs at the joint between two slabs it may be
N ) ¥

assumed that they share the‘load equally (Fig. J13b).
[

Relative cons1derat1ons are found in Soviet 11terature Z. WM.

Kap]unov has found that whentwos]abs carry loads differing in their

1ntens1ty by 400-500 kg/m? the shear stresses in the key are of the

order of 0.25-0. 50 kg/cm?. A. S. Kalmanok investigated analytically :

‘the problem of load d1str1but10n by assuming the longitudinal Jo1nts to

act as hinges. His conclus1on was that the Tinear load due to a

7

partition parallel to the span of’the slabs may be}considered to be

un1forme1y d1str1buted over a/w1dth of the floor equa] to the span (9).
Since the width of precast prestressed hollow-core un1ts has

greatly increases since the writing of ACI 711-58 provision for "three

\ : _
identical units on each side", it is believed today that it can no

longer be applicable. However) it is also belijeved tHat a design width

of 0.4 of the span is still an adequate conservative provisidn.
-ty

Tests (10) were conducted to demonstrate the abﬁ*ity of grouted

" shear keys“to transfer concentrated loads to adjacent slabs. The

results indicate.a fair]& uniform distribution of ghe 105d and that these
adjacgnt slabs can be designed to carry distributed load. Further, the
pané] width ii 0.56 of the clear span, a ratio greater than permitted

in ACI 771-58. Therefore the 1$ad distribution procedure of ACI 711-58,

is a cqnservaiive design prpcedure.y In these tests is not anticipated

that shrinkage of the grout in the grou& key would cause inferior behaviour

in comparison with the above results had the test been conducted at a

later age. The width of the g}out joint at the widest point is only

[y
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slightly over an inch. Assuming a free shrinkage coefficient of 0.001in/in

this would proeuce‘e crack of d.pO] in. which would be of no concern.
Inrnanyapp]icetiops of prestfessed concrete ho]]ow-coee slaBs'

as floor systems,rit is necessary to prbvide 1ar§e openings through

some un1t§”f0r mechanlcal and p]umb1ng reqU1rements (Fig. 14). In

such a case the des1g§igan be accomp11shed by transferr1ng thejéie to:

adjacent full unijts. e ests (10, 11) have been conducted to assist ine . .

vewifying such a design approach. N o T ’ "\ -

2. 5 Diaphragm Action - Horizontal- Load1ng .

7 T

' Lateral loads from wind or earthquake are usually transmitted

to\shear walls or moment resisting frames by in plane action of the
o floor or roof decks. To eccomblish this the floor components must be
assembled to creaﬁe a rigid diaphreQﬁuin the plane of floor or roof.‘[Hn

The rigidity of the diaphragm must be maintained by adequate ¢onnections
S

between f]oor or roof elements.
\

To assure d1aphragm action connections between individual unwts

must be capable.of resisting the following stresses (F1g. 15):
/ N 1 a) Compre551ve and tensile forces at the Tongitudinal "

boundar1es of the dlaphragm

b) Shear stresses at the transverse beundariestgf the diaphragm
and, _ ﬂh ' / ) A ‘.\
L c) Sheer;stressesﬂa1ong the 1ongigud1na1 and transverse
edges of the floor p1ank§ ,/A ; )

Because of the size of the diabhfagm, the anticipated stresses are

necessarily smail. I
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It is apﬁarent that the shear in the rigid diaphragm acting

as a deep beam must be transferred between adjacenﬁ members and also to

the.supporting elements. The “web" shear must also be transferred to
the cord elements. Thus the design of diéphragm is gssential]y a
conﬁéction'design problem. .

The shear transfer between hollow-core slabs is usually
accomp11shed by grout keys A conservat1ve';a1ue of 40 psi (5) can
be used for the average designj§trengﬂ{of the grout key.; If necessary,
reinforcement placed -as shown in Figure, 16 can be used.fo transfer the

shear. This steel may be desiﬁhed by the shear friction analysis.

Mechanical ‘ties between hollow=core s]ab§:\in the grout key, help in

® transferring shear, and, greatly’ improve ihé'rigitidy of the qjaphraéw

Th1s type of Jo1nt is not necessary~under normal cond1t1ons but may be

o a

/adv1sab]e in areas where there is a poss1b1]1ty of m1n1ng subs1dense or

earth tremors.”

Transfer of shear from the diaphragm to the supporting e]emehts

\

can be achieved with ponﬁections*whidh are analysed in th%’gpme manner

as the connections between slab.units. For floors or roofs with

intermediéte supporfé as shown in Figure 15, the shear stress is carried

across the support with bars in grout keys as shown in section A-A.

Bars are designed by shear.fr1ct1on. Stresses are usually quite 1ow and

\
only as many bars as required should be used.

+ Concrete topping, bonded to hollow-core slabs may serve as a-

/ diaphragm connection. Reinforcement requirements may be determined by:

)
L

shear friction analysis.

’ »
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\ ~ CHAPTER 3 : ’
. - ) )
CONNECTIONS \ S
- ‘ - J ‘ )
3.1 Longitudinal Connection between Floor E]ements" - .

. P . - .
This connection which occurs at adjacent vertical faces of ’

. individual'f1oor elements, in the span direction, is—usually‘termed a
SRR 458 key".™

-The space between the longitudinal edges of the adjoining panels

e

is filled with grout not necessarily the same strength as the panels. -
Near the panel supports this Joint alsOﬂaCEa%odateg the longditudinal

ties as discussed in section 2.5. - n

¢

I

The jdints 1ntrqduce'discontinuities which can adverSely affect{h
‘J - k3 v ’
the floor's overall perfarmance.’ To minimize such effects the horizontal
« » .

connection of shear key must res?st_with minimal deformation the

following (Fyg. 17): 4 \ .
Vv ' verfﬁea](pu},of plane)shear ihduﬁed forﬁ 9djoiﬁing floor/
roof elements ;ubject to varying sdperimposed 1oads;ﬁ
Vn = horizonféﬁ (in place) shear resu]tihg %rom the floor's

diaphragm action; and- ‘-
H = normal forSe (tensile or compressive) resulting ‘from ,
the fleors diaphragm action. o L )

~ .,

R -

B ) cr sge - ¢
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.- . The ability of shear key in transferring the vertical shear was
. . ' © _—

investigated in load distribution tests (11) on an assembly of hollow-core

°
o

3 . ) slabs. Two pr1nc1pa1 findings of these tests were: T

-
-~ N

‘o ) : a) Thershear keys. were effect1ve in prov1d1ng load transfer.
j' R ‘ ! ‘ up to ultimate f]exurii failure. Concrete topp;_g or
' ‘ ‘ mechanical ties are apparent]y not required for this actibn.
-\ ‘_ T a g) The successful perfornance of the sheab\keys took place

without the presence of end anchorages to resist lateral
- . . . \ - o . v v
~ N . ©* forces. - , oo o

- . - B A

? —

‘*""\ ., Other tests (10) show that the ultimate vertical- shear stress’

N , of the grouted keys is approximately 3/?" Although shrihkage of the

| grout in the key can produce a‘crack of 0.001:1n. (103 mm), such a crack
. o . . ‘ . 7

e : J  width s too sma11~to affect the joinfs shear cépacity.\

»
-

e ' ) Grouted keys, as ment1oned above, also transfer d1aphragm ‘shear. -
5 o ; o ) A conservat1ve value of 40 psi 5) can ‘be used for the average design

| R strenﬁth of the grouted key. If necessary re1nforcement can be p1aced
»

along the key .This stee] may be. des1gned by shear fr1ct1on analysis.

Cea " | Reference 15 conta1ns numerical examp]es for des1gn1ng shear transfer
c\. . s
I ? ' o re1nforcement induced by d”aphragm action of the 'hollow-core s]ab roof

. Y » .
e Y - Qor floof assembly ' e \ s

i

o . In addition. to grouted kexs, mechanical” t1es/cenrbe used to .

' ‘ ’ S . transfer diaphragm shear‘a1ong the kKeys. Their app]19aﬁﬂ1ﬂ! is sometimes
: eﬁtye - . necessar&, mostTy 1n structures constructed 1£ seisnicAzones." Speciel
. . shear connector as the one shown in F1gure i?a was devefcped by "Span-

Deck” ho]]ow -core s]ab -rpducers. According to manufacturer spec1f1cat1ons

) ¢,

S | . a7
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each connector shall have an allowable' load qf 2200.pounds. No increase

shall be a]lowed for load duration‘&? seismic or win& ]oads.
o - ‘\
In Figure 18b another type of mechiylcal tie connect1on is shown,

developed by "Spiroll" ho]]ow core s1ab producers Provisions have been
o

made in the extrud1ng equipment to embend transverse reinforcing bars °
in the top of the glab when reqf1red for d1aphragm action or other usés.
These bars are 1/8-in. by 14-in. f]at Asg stee]-st;%ﬁs with 1gin.

minimum coveraée and at on 8-feet O;inch on center maximum spacing. The
ends of the bar straps are exposed by scraping the’fresh concrete away

_ immediately after the slabs are extruded to perﬁit installation of
.3/16-inch by 1-inch As;¢ flat steel splice bars joining 1he two gdjaéentv

Y

slabs. ' The splice bars are welded in the field to each transverse bar

'strap with 1/8-ifch by li-inch-fillet weld. + °

f At Frankdn; a precast prestressed concrete producer in Montreal,

the extruder lays wire mesh, in the top of the slab) extend1ng across
both sides. when erect;ng, thg extending wire mesh of two adJagent
- slabs are connected to eatH other imbrovfng thé rigidi&y o{ thg diaphragm.
= %pcer&ﬁng to PCI Design Handbbok/the design strength of the ]

>

shear key. should be tested by: ' ' .

3

v v .
- uh +_l.‘\_/. _<_'|
> SR AT IR ,
. &
where: - :
. ' ! . ’ :.‘/
: Vuh’ Vuv = applied factored Toads in the horizontal and vertical
' : 2 - . 0 ‘
\w o ' directions, respectively. . -
' ’
o L e
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~ b .
nhe. Vpy = nominal strength of the. connection™ in the .

horizontal and vertical directions, respectively
\

undercapacity factor (0.85 in this case)

o ¢ ’ .
J | - ,
, 3.2 Slab-to-Beam C