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OPERATIONS SEQUENCE

The following pages outline the sequence of building
operations which were followed on the first experimental
structures using the gunnite techniques developed by the

Center for Environmental Structure.

There were approximately 20 steps or operations on the
small workshop (230 sg.ft.). The house (1196 sqg.ft.) had
approximately 40 operations. Each step or operation consisted
of a number of subsets or substeps. For each operation, we
have tried to provide a cost estimate in terms of both labor
and materials. The total cost for each identifiable part

of the building is provided at the bottom of the columns.

In every possible case, we have tried to list the time and
materials that would be utilized during actual production,
allowing a factor for the experimental delays which were
often encountered as a natural part of the development of
the techniques. Where we did not know how much time and material
might be saved during actual production, we have listed the
actual time the operation or substep took during the building

of the first experimental structures.



OPERATIONS SEQUENCE (230 sq.ft. Workshop, Martinez, California)

10.
1ls
12.
13.
14.
15.
16.
iy 4
48 .

18.

Slab

Columns

Beams/Cornice

Scaffédding

Vaklt

Triangle/Gable

Roof

Low walls with sills

Rear wall

Front wall with jamb columns
Roof waterproofing (xypex)
Wall waterproofing (xypex)
Exterior painting

Doors and windows

Interior painting
Electrical

Ballustrade and garden seat
Trenching and drain papes

Site earthwork/finish grading
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s, 8. Cut steel reinforcing bars. . ) ‘I*"“
8. Place and tie perrimeter/column steel. | o (a(
| . i
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9. Cut, place, and tie w.w. mesh. I /2_ (/1/
o]
USAQ"J 10. Cut and place electrical ground rod. | M
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/‘ pt 11. Apply form release to wood form. 2
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Mo ) 12. Shoot gunnite. - 4 Z
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@xﬁﬁ?/ 13. Float and finish concrete surface.
‘ 14. Cure concrete. ap 757
437«
* 15, Strip forms. '

16. Patch damage/brush concrete surface.
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FRONT PORCH SLAB

10.

11,

12.

13.

. Design porch.

. Design slab forms.

. Excavate area.

. Cut lumber.

. Assemble, square, level, and

brace forms in place.

. Lay gravel bed.

. Cut and lay w.w. mesh.

. Apply form release.

. ERCotigunmite. MV conncrefe. (o
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Float slab.

Cure concrete.

Pull forms.

Patch damage.




COLUMNS # II.

| ARt | moaT, RS LADIIL
_‘ﬂf o | . e
1. Design box forms. ; 4; . 7
2. Cut lumber. j
AL 55 2
3. Assemble forms. 'j
4. Erect forms and square with beam \\
braces and ground braces. }
5. Assemble steel bar clusters. N\ S? ¢ e
6. Insert steel and tie to slab steel.j
/
7. Apply form release. /
8. Shoot gunnite in form channels. N
) & // ) %
;’ {
9. Cut excess at open face with trowels..
10. Clean excess material from ground.
11. Cure concrete. —
12. Strip forms. / /
/
2 -
13. Patch d . S
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* this step may follow the completion of several other operégions.
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SCAFFOLDING # IV.

DRt Al

1. Design scaffolding. [

[ &
!
2. Order pieces. /&”Jf‘<§ ﬁ;'
208,32 | 1/,
3. Pick-up and deliver material to site. ;L
4. Excavate for pads where necessary.

/’/z,

5. Erect scaffolding footings/pads.

6. Erect scaffolding vertical racks angx\
cross braces. E
/

Y ——

7. Lay floor boards across racks. l\
" f/
8. Erect handrails. “3

9. Lift bridge into position.

10. Erect bridge handrails.

]Oa.eri*Ae b“~£fyl°“£XLJ fcu?m
11. Remove all scaffolding. ~)
12. Load and deliver material back to /

rental agency.
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CEILING VAULT

1. Design vault and forms.

2. Cut lumber for cage.

3. Erect cage and square by bracing

against beams and column forms.

4. Cut lumber for finish forms.

5. Assemble "Z" sections.

6. Assemble inside ceiling terminus.

7. Erect "Z" sections on cage with

X.

cross braces. i""V"’-i-‘r chtv:) 'rt.ww—)
avnl g

8. Cut masonite (pressboard).

9. Wet masonite.

ol

.

10. Attach masonite to vault form sections.

11. Tape masonite joints.

12. Apply form release.

13. Sshoot fi¥st layer of gunnite on vault.

14. Allow initial set-up time of a few days.
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CEILING VAULT continued: # V.
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15. Cut and shape (curve of vault) steel | '/0,
rods for ribs. 5 o ©
12.
16. Place rods, adjust shape, and wire < '5ﬂf
to column/beam steel. 5
17. Cut and shape pencil rods for "Z" ‘\ 2_7f”
collar. ( /.
) / L.
|
18. Place collar and tie to rib steel.
. 2 vo
2X2 ¥ (K
19. Cut w.w. mesh in strips to size.
?') "/,1,.
20. Lay out mesh and tie to rib steel. \ a
J
ST , B2
21. Shoot second layer of gunnite over /Z_
i1i + s lanes 37,U%
ceiling vault. = ¢
7.0 1%
§O X
22. Cure concrete. W -
* 23, Pull vault forms and cage. é% Lcgae
* 24. Patch damage. - w A
Lﬁ; jo S '
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* these steps will follow the completion of other operations.
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TRIANGLE & GABLE END (first and second coat)
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1. Design gable end form work.

2. Cut masonite (pressboard) and lumber. // oo

3. Wet masonite.

4. Attach masonite between ceiling form

and inside cornice at ends.
5. Tape masonite.

6. Cut and lay w.w. mesh and wire to C

ceiling steel.
7. Apply form release.

8. fhoot first layer of gunnite.
9. Assemble triangle sections.
10. Anchor lower edges of tri. sections
to cornice form and upper apex to

roof form with tie wire. "N

11. Cut and place triangle rib steel and

# VI.

anchor to column steel. # 5

12. Apply form release.

13. Shoot gunnite second layer between
legs of triangle form, and first

layer inside channel of tri. form. W
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ROOF & RIBS (first and second coats) # vII.

1. Design roof form. 7 Y%%lkd
R Cut=Strel-rodes

3. Cut styrofoam sheets to fit between
rib:steel.

4. Drill‘a" hole (o.c. each way) in the

styrofoam.
03, |
5. Cut styrofoam ridge form and assemble. - it
6. Attach ridge form to vault top. l -
TR
7. Attach large sheets of styrofoam \ 2
between ridge form and cornice.
8. Cut pencil rods.
ve e\ r',.«

9. Place pencil rods over sty. sheets at ld ,
2' o.c. and tie to rib steel. % crlm

10. Place pencil rods in ridge section.

20 |
11. Cut and place w.w. mesh over roof 3‘7 ?s}ﬂ,b\'
surface form and wire to rods.@ vib mgh
12. Cut/anchor weep tubes and place qndv ‘
under the sty. sheets and plug with Q/W
tape.
. { Y
13. Place hose and walk through a mock

gunnite shooting. —

— % g g
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ROOF continued: # VII.
P [LgV 16U ph € CURTAAL 267% 298 |

oM L
14. Shoot first layer of gunnite on sty.
457, 22
sheets, in holes, and between sheets ' oo iZ'
to form ribs. mMJ"LlO,
| *****Second coat*****
15. Set guide wire between triangles at v

each gable end (for ridge line).

N\

18. Shoot gunnite top coat on first coat. 7 ,

o ol L T
19. Screed concrete. T i

. o~

20. Fill-in with gunnite where necessary. '

21. Cure concrete.

* 22. Remove guide wires and form boards.

23. Patch damage (low spots). o N
g 30
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LOW WALLS AND SILLS

10.

1l.

12.

13.

r\"\g"‘lb

Design forms.

Cut masonite (pressboard) and lumber. ‘leﬁj
Mo, >
i,a‘h . -g l

Assemble sill boxes.

Attach sill boxes on temporary brackets

at columns, and brace to cage.

Place toe boards inside and outside

and brace in place.

Attach masonite to sill box and toe form. /¢
Cut welded wire mesh and wire between 9 o0
sill box steel and steel rods between

columns.

Apply form release.

Shoot gunnite against face form and

8ill box. A
i fo 2 d
ot _ Vo
Fill sill box with whatever excess ¢ Z%é)l
material is available on ground.

Place sill guide board between columns

against jambs (spray form release).
Fill sill with gunnite.

Cut wall face with trowel and trowel

sill against guide. (W’

h [y ¥
4 ¢ ‘ AN {J P '{’OO' \ é wo

2
Lo

{. i ANT%

# VIII.

£t -

1 y

0

1 k . ‘
gdizmt# ZOo,m‘f(/;;;;:€>



LOW WALLS AND SILLS continued:

14.

L5.

l6.

17

Fill-in where necessary.

Cure concrete.

Pull forms.

Patch damage.

# VIII.



REAR WALL # IX.

T L PR B
1. Design forms. ‘ﬁL
.
2. Cut lumber. '5 . -
)
3. Assemble form support wall. ( l

4. Raise support wall and brace to

ceiling form cage.

5. Cut masonite (pressboard). -~

6. Wet masonite.

7. Attach masonite to support wall.

3

8. Attach electrieal boxes and conduit. -zo' }
9. Spray form release.
' oo 2 y
10. Cut and wire w.w. mesh to steel rods. 'D' J 7 <

l0a.Paint bond cement against old concrete.

11. Shoot gunnite. “}
i 2/
12. Fill-in where necessary. S ' 3
(,q (‘\l \
13. Rough trowel surface. c L
“qf
H
1l4. Cure concrete. Lfg. -

15. Pull forms.

16. Patch damage.
%
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FRONT WALL g R # X,
e L
1. Design forms. Uo ’/1L[>
7.
¢
2. Cut lumber. 1 ’/%3 b

In beam f-SL&‘° for -~ s

3. Drill holes iﬁNﬁTEtee?mfedSmiﬂ—iﬁﬁﬁk. g SV R
\ev cel § < regsa V7, (/%D

4. Cut, place, and grout-in rods.

5. Cut and tie w.w. mesh to rods. ,00 ' ) L”L'
6. Assemble wall frame support. .
v . \\
o ) | 'Uv\ ‘>
7. Cut masonite (pressboard). 2 - L C}L«.
"_C- L// v, /
8. Wet masonite.
>
4
9. Attach masonite to frame support.
10. Spray form release. =
11. Cut material and assemble blockout V%L .
panel and spray with form release.
12. Apply bond cement to old concrete. \}
= /
ROy
13. Shoot gunnite first layer. ‘} A

~ — /(—‘( L/ 0 j n\‘
K/ 1a. / (, v

Place blockout panel and brace to

ground. I g?
u’\v " A EJ'W
\35 Shoot gunnite second layer (around
blockout panel). | . k) 1}.ﬁ_Lﬁ- h{~¥ r
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FRONT WALL continued: !(/“" o

" A

16.

l7.

18.

19.

20.

21.
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Cut away excess material around the

blockout panel.
Pull panel off surface.

Fill-in where necessary and cut the

excess/trim edges with trowel.
Cure concrete.
Pull forms.

Patch damage.
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JAMB COLUMNS

10

11

12.

13.

Design forms.

Cut lumber.

Drill holes in beam and slab for

column steel.
Cut, place, and grout-in steel rods.
Cut and tie w.w. mesh to col. steel.

Assemble column form channel and brace

to ground/slab.

Apply form release.

Shoot gunnite in channel.

Cut excess material from channel with

trowel.

Fill-in where necessary.

Cure concrete.

Pull forms.

Patch damage.
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ROOF WATERPROOFING # XII.

i fet o | (oo
1. Sweep surface of all debris. *‘;!gﬁ
2. Cut lumber. 3(:¢§F .
3. Assemble triangel roof scaffold. f/ ) h41

4. Lift scaffolding into position.

/

5. Wet roof surface throughly. &% M,
6. Mix Xypex powder with water in small K2 h&ﬁ?} /
bucket. T(ﬁ{”%‘ _ %%ﬁvﬁ.
7. Apply material to roof surface. {[/32‘01, Cebro
NOTE: steps 5,6,& 7 will be repeated ) Wt

several times until roof is

completely covered with Xype

8. After initial drying, water roof to 7 A

begin crystal growth.

9. Apply second coat per steps 5-8. > 7 Y

B



WALL WATERPROOFING AND EXTERIOR COLORS

1. Design colors and patterns.

2. Determine amount of concrete pigments

to add to Xypex for desired colors.

3. Prepare wall surface.

4, Wet wall surface throughly.

5. Mix Xypex and pigments with water in
small bucket.

6. Apply material to wall surface.
NOTE: steps 4,5,& 6 will be repeated
several times until walls are

covered with Xypex and color.

7. After initial material set-up, water

wall surface to begin crystal growth.
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WALL WATERPROBFING/PAINTING

l. Design color patterns.

2. Determine amount of concrete pigment to add to xypex for desired colo:
3. Prepare wall surface.

4. Wet wall surface throughly.

5. Mix xypex and concrete pigment. with watevr in S’“a/{( ?Ulk"‘?}\’ y

6. Apply material to wall surface.wl—‘)’t\ f'h'H er‘L"

7. Let material set 5.

. Water wall to begin crystal growth.

9. Apply other color coats as per steps 3;;;_;Ezz>
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WINDOWS ‘%, LS (AN # XIV.

1. Design windows.

29. \/2
2. Measure openings for exact sizes. /
3. Order window fabrication. ' | ‘ ‘
%X 1/1”9 |
4. Pick-up and delivery of finished ( r203f4§ 7 g
windows. .

. . . . 1/&2.

5. Paint first coat on inside surface. 494 .

VI e T

6. Paint first coat on outside surface.

P.W..\..c \

ey
_ al
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7. Paint second coat on inside surface.

N i =% \ ‘\ng .
T
8. Paint second coat on outside surface. . .
ol = D )
9. Fit windows to openings. — DI
|72 D
10. Drill holes and attach pin hardware. |
. Y v[
( w—,;r-:“ | 1A
11. Final instalation of windows in the ,<4g ‘ﬁ? 1P L
openings. G T g
' ﬂ ! \
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WINDOWS

1. Design windows.

suof

2. Measure openings for hikkn size.

3. Order window fabrication.

6. Paint first coat of finish on éggﬁgﬁl surface. (varnish)

7. Paint first coat of finish on outside surface. (ms&Raakn primer)

st
8. Paint coat of finish on inside surface. (varnish)

AN

9. R Deliver windows to site. Sty DEEELl GRESHES Goet sphllon

once outside colors are

10. Fit windows to Openings. decided?

11. Drill holes in concrete for gm pin closures.

12. Attach pin mmom hardware to window frame.

13. Dovintmiiidpmrr—ridwens.. |1 S4{] widows Jn 6rw:'A7J.
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INTERIOR PAINTING # XVI.
ﬁxxf 1 Leta
; ; ey
1. Design paint scheme. y G "
|8 b
2r—Avsemble-materiads .
3. Errect scaffolding as necessary.
(o bADﬁi"¢3
4. Prepare surface (floor tarps etc.). ( 2Lh~,
3.

5. Paint first (primer) coat on ceiling. \‘?;¢ t© S;h””‘

p)
6. Paint second (ceclor) coat on ceiling. \ CFVV”‘
7. Paint first (primer) coat on walls and RS
columns and beams. ) 9
4 <.
%X |
8. Paint second (color) coat on walls and ) 3 b
-

columns and beams.

A%

9. Remove all tarps and scaffoldings etc. l L
: e ?,( oV . (DJ-‘I %
10. Paint first (primer) coat on floor. 2, b
1l1. Paint second (color) coat on floor. D \i\ n
|0:
12. Paint special ornaments. _ “%**‘ R
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ELECTRICAL/LIGHTING

Run cable through conduit in walls.

Place electrical boxes (insides) in

rough wall boxe frame.
Wire outlets.
Attach cover plates.

Hook up main power supply at rear
wall masthead.

A

\

\
A )

(/ / - /‘
hf\d"{t"‘\'/\’\ ZL\'\‘ LA \5 Z s‘“',\ . \ :, D IAan Iu
¢ ' :

# XVII.

n&** \ il@ih
,vo ,/ 2 LV\ )
ro |
/CN N\?ALJM‘
- '/2 b
{
J




BALLUSTRADE FOUNDATION J.NM._M (ot

A.

9'

10

1l

12,

13,

14.

Deginn hitlamTande Ceratim '

Design foundation forms.

Dig trenches.

5%
V((,l )?” 0/9
Cut lumber.
3 S
Lo
Assemble, square, and brace forms.
. . ,ﬁ% /&'
Cut steel reinforcing rods.
Lay horizontal steel.
Set-up ,and temporarily brace vertical
steel.( &*DA”S) o pr A s
¥®
Cut PVC drain pipes, drill form holes, ’
and place drain pipes in form.
Apply form release. " )
Add waste come. pieces fov voids
Shoot gunnite. ) U1'jj

20

LARVSN o
Float top of ballustrade grade beam. JM/Huﬂ,

Cure concrete. \

Pull form boards.

Patch damage.




BALLUSTRADE

N\
'S a\ &)‘ A (?’ bf b,
m—— . Il
~ 0 1
1. Design formwork. i | 6hYS
gd2) |
2. Cut lumber, -ané—mesorrite, “155' ~
' o v,'
‘*’:\) (6'| 2 Ml
3. Assemble top-box forms. '}Gy-qw*(
ij( 8 W‘ﬂ
4. Set-up top-box forms,ar® square, WULW
and brace. N
| . (| o
44 | ﬂ”““”’“”&' y 6°‘ \ / L
5. Attach masonite sheets. /(7 -
6. Apply form release. -

10.

11l

12.

1

14.

1S5,

46 «

Kﬁé’ LN i
Cut styrofoam blockout panels. »° :Z,L -?
il K hoernn,

Attach (wire) styrofoam.

Cut and lay steel reinforcing ﬂ*sggj,

in top-box form.
Tie vertical steel to top steel. I - = 1) J

p M/DS* P ] -
Shoot gunnite. 4 { %, AP

Trowel styrofoam edges of excess

concrete.

Cure concrege.

|
|
I
i
Float top-box concrete. % ' kr».
E
i
[
Pull forms and remove all styrofoam !
i

from between vertical legs.

Patch damage. %—\//\:



BALLUSTREDE OCTAGONAL SEAT

10.

11,

12

13

14.

Design seat layout. ’

Design formwork.

Cut lumber.

Assemble seat void boxes.

Assemble seat top-box forms.

Set-up, square, and brace 4 & 5.

Cut and place horizintal reinforcing

steel.

Cut, bend and place steel between

seat void boxes.

Cut and place w.w.mesh on seat and
back.

Cut and wet masonite.

Attach masonite to seat back front.

Apply form release.

Cut and wire in place the styrofoam

ornaments to seat back masonite.

Shoot gunnite.

***%* continued ****
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OCTAGONAL SEAT continued:

15.

16.

17.

18.

and
Float seat,bazkxkspsHEEEXSEEE seat top

Cure concrete.

Pull forms.

Patch dammage.




BALLUSTRADE STEPS

1. Design steps.

2. Design formwork.

3. Cut lumber.

4. Assemble form box.arz

5. Square and brace form in place.

6. Cut and attach reinforcing steel.

7. Apply form release.

8. Fill steps void with waste material
(cans, bottles, etc.).

9"!iheet=qu==itin<!h41‘MNLK'J7 Lfmjjﬂ
10. Float steps.

1l1. Cure concrete.

12. Pull forms.

13. Patch damage.
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BUILDING SEQUENCE (1196 sg.ft. house, Martinez, California)

Design/layout of stakes

Drawings and permits

Site preparation--rough grades
Temporary power

Water connection

Sewer connection

Rough plumbing (stub lines for slab)

Foundation/piers/slabs--forms

Concrete pour

Exterior corner columns--forms
Exterior freestanding columns (porch)--forms
Exterior insulated walls (with r.o. for windows)--forms
Install radiant heating wall lines
Rough fireplace (firebox, damper, flue stub)--forms
Interior walls--forms
a. Full walls
b. Fin walls with knuckle columns
c. Half-height walls
Interior freestanding columns--forms
Cornice * *could be built as part

Gunnite shooting of wall (as here) or as

part of roof operation
Scaffolding (later operation)
Ceilings (flat)--forms

Ceilings (vaulted)--forms

Roof ribs--forms

Gunnite shooting

Chimney flue--forms
Triangle/gable ends--forms
Roof purlins--forms

Gunnite shooting




Roof waterproofing (xypex)
Wall waterproofing (xypex)
Window installation

Exterior door installation

Ballustrade--forms

Garden seat--forms

Fountains and pools--forms
Steps (porch and garden)--forms

Gunnite shooting

Finish carpentry
a. Wood floors
b. Base cabinets
c. Window seats/alcove seats
d. Stairs
e. Rods and shelves
f. Wall cabinets and shelves
g. Tub enclosure

Moldings and trim

Finish electrical

Hot water heater installation
Radiant heat system (main supply)
Thermostat installation

Built-in appliance installation

installation

Final plumbing

Hardware installation
Carpet and pad

Tile

Interior painting
Gutters and downspouts
Exterior painting

Hose bibs

Finish grading

Final site cleanup
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Preliminary Listing

Building 'Entities' or 'Wholes'

Building Base: other/possible

Slab with Exterior Grade Beam
Grade Beam with Interior Grade Beams g

porch, patio, terrace,
Grade Beam with Interior Piers

Piers

Columns:
Exterior Freestanding Column

Exterior Corner Column .
partial column, fence-

Interior Freestanding Column post, pilaster,
Interior Knuckle Column

Extericr Knuckle Column

Walls:
Exterior Insulated Wall

Exterior Uninsulated Wwall

screen wall, trellis,
Interior Uninsulated wWall garden wall, ballustrade,

Interior Fin wall

. . wainscott walls, chair-
Exterior Fin Wall . )
rails, paneling

Interior Half-height wall

Exterior Half-height Wall

Windows :
Exterior Windows (operable & fixed)

Interior Windows clerestory window, sky-

Window Seat light window,



'Wholes' continued:

Doors:
Exterior Main Entry Door
Exterior Door
Interior Door

Closet Door

Ceilings:
Flat Ceilings
Vaulted Ceilings

Sloping Ceilings

Roofs:
Gabled Pitched Roof
Hipped Pitched Roof
Flat Parapet Roof

Shed Roof

Beams:
Cornice
Lintels

Archways

Cantilever Beam (brackets)

Garder Places:

Ballustrades
Garden Seats
Steps

Terraces

5/16/80

other/possible

louvered deor, glass door
french doors/window, bi-folds,

sliding deor,

ornamented, ribbed, beamed,

two-way vaults, one-way vaults,

overhang, trellls, awnings,

\
Pergolas

fountains, pools, walks, paths,

light posts, gateways, walls,
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'Wholes' continued:

other/possible
Heating:

Fireplace & Chimney
Fressbanding Stoves ducted heat, baseboard heaters,

Radiant Wall Heaters

Cabinet Work:

Base Cabinegs & Counters
Shelves

Mouhdings & Trim

Alcove Seats

Wood Stairs

Tub Enclosures

Wood Flooring

khkkkkhkkhkkhkhhhkkhkhhkkhkhkhhhkkkhhkkkkkkkx*

Open Questions

1. Are things like: 'the kitchen' an entity?

2. What about bathrooms and tubs etc.?

3, Are the various mechaaical systems entities?
For example: Radiant Heating, Water, Sewer, electrical.

4, Is Molding & Trim an entity, or is it part of walls,
or flooring?

5. Is waterproofing and painting to be considered an entity?

6. Other areas: Gutters & Downspouts, Grading (rough & finish),
Thickening walls for ornament,

7. Would the purlins be a seperate entity from roof?



FOUNDATION AND SLAB

This element of the building is the first which begins to

give some picture of the physical presence of the emerging
structure. It is essentially the first 'building operation'
which is undertaken after a series of preliminary steps in

preparation for the building.

When this operation begins, several phases of the process
have been completed, or are is place. These include: staking
out the plan of tke building, laying sewer and water lines
to the building, setting up the temporary power pole on site,

and initial site grading for the pads of the building.

The first step in the foundation/slab is chalking lines between
the corner stakes in order to begin trenching for the perimeter
foundation beams. This excavation is carried out by a backhoe.
The backhoe operatior removes earth from the inside area of

the building to allow for the slab thickness, or in some cases,
he may have to add additional material to the inside area to

allow the slab to be set at its proper floor height.



The next step involves more exact measurement. The excavation

of the trenches may have removed, or disturbed some of the
corner stakes. At this time these are re-established and checked.
Strings are tied between these stakes to establish and mark

the exact edge of the slab.

Along these string lines, heavy metal form stakes are driven
into the ground. These will become the support for the addition
of boards to form the outside of the slab/foundation. The metal
stakes are about ::' long and are made of round steel pipe

which is formed into a point at one end. Along the length of

the stake, holes have been drilled at all angles from the center

of the pipe. The form boards are nailed to the stakes by driving

nails into these holes.




At this point, the exact level of the finish floor slab can

be checked. A board can beTémporarily neiled to the stakes ,

or held in place while a visual check can be given to the
preliménary line. The board can be raised or lowered until

the slab edge seems just right. Then the top board can be nailed
in place. Additiomal form boards can be nailed under this until
the foundation form is in place. These boards will be 1lx's

and can vary in widthz to suit the individual situation. The
boards on the first experimental prototype were 1lx6's. The
texture of the grain, and the lines at the seems between the
boards, xB is seen in the finished foundation wall{ expressed

in concrete;,

Additional trenching and foundation forming is carried out in

the above fashion for all the interior walls and exterior walls.

It may be possible in some cases to let the earth form the interior
foundation beams. The earth can be used to form the inside face

of the exterior foundation beams as shown above.



For the purposes of water exclusion, a key will be formed at
the outside edge of the slab. This key is actually a small
step in the edge of the slab. The slab finish level is a=a
set 3/4" above the exterior edge. It is set back 3 1/2"

in from the edge of the foundation beam. This key is formed
by nailing a 1x4" board to the edge of the top 1x6" form
board on the perimeter. When the slab is poured, the 1x4

will blockout the concrete at hhis point, forming the key.

The 1x4 and the 1x6 together, will form amr@& an edge to screed

the top of the concrete slab after it is poured.

NOTE: The trench for the exterior foundation beam can be dug

slightly wider to allow for the laying of drain tiles if necessary.



Plastic sheeting (visqueen) is laid over the earth and followed
by the additioXn of welded wire mesh. The mesh is typical
highway mexkxxXga mesh (6x6 10/10). This is rolled out and

turned down into the perimeter beems.

SxemtxrrirRfarznrgxcexdacdcxaxthextxerchescko conform with the
buxvdvryxuvsdesxukisvaruesx¥yExviux the structural carrying

CAPPAR

Steel reinforcing bars are laid in the bottoms of all the trenches
and a bar is suspended near the tap of the trenches at the exterior

foundation beams.

A ground line is laid over the w.w.mesh and extedded out into

the earth at the edge of the slab.

Vertical steel reinforcing bars are stubbed out 12" past the
top of the finish floor of the slab. This vertical reinforcing
is placed at about 4' o.c. along the length of exterior walls.
It is concentrated (usually 4 bars) at points in the slab where
columns will later be erected. These will be located at each

corner of major rooms, and at the intersection of interior walls.

These stubbed out bars should extend down to the bottom bar

in the trenches and be tied with tie wire.

2' of insulation board (polystyrene or poluyurethane) is laid on

the ground around the complete perimeter of the foundation.



The wood form boards are sprayed with form release.

Now you pour the concrete and finish the slab in the normal
manner-- screeding the surface and then floating the surface.
The only trick, is the key blockout. After the concrete is
poured in the form and after the surface has been screeded,

but before you begin to float, you go around the perimenter

of the form and very lightly tap kEk the key blockout board
(1x4) with a hammer. This will perform the function of floating

the surface of the concrete underneath the board. -

,

;f"?

o) X
£y

The next step is to go and have at least 2 beers at the local

bar in the neighborhood and shoot some pool.



FOUNDATION ON SLOPING SITE.
Typical best solution xx consists of 18" piers, at 12-15' centers,
approx 12' deep. This is better than smaller piers more

frequently spaced.

Top ©f piers connected by a grade beam, say 8" by 12".



TERRACED
BYFFFMMM FOUNDATION

For slopes from fmXfZ%m 0 - 20%.
Cut and fill to the contours of the slope, so that floor
cuts in anxmgnahxaxomnbh as much as it juts out, and the

ESﬁﬁgﬁm line of each floor corresponds to the contour line.

This techniaque has the effect of zmmm¥nxnryxhkBxhzbah making

a large number of small retaining walls, and no large ones.

Since retaining wall design and cost go up as the square of

the height (kmrdxngmxmEnxmzmeEmnkm cantilever bending moment),

this keep cost to a minimum. Xhxnizmsg
fihbdnbsbmabnnbhabmhhanbackmwbhhbmibaabh

It does mean that the EB%%%%E wall of each part of the building

is moisture prone, since it may have up to 2 feet of earth

outside it: which xmgmxmg@d requires very substantial wakmxmxmzfiXmym

W basement type waterproofing. However,( with masonry wall this is

not too difficult:
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THE BASE (TERRACING)

For ease of cut and £fx fill, the easiest thing to do on a J':J//
slope, is to form khemimwmm a series of terraces, each ‘
time making the ¥ lower retaining wall in a reverse L shape,
£x (for instance by spraying fxmmx concrete from the back onto

a light form), and then fillingm to level. 1 3
- \

The actual outside material of the base, in this case, is

flat concrete. Perhaps not very strong in feeling. F—=—wiZs—
¥R One very good ancient version is rough stone. Xfixmkmxmx
kmxie& Another is brick. We could build a four inch brick wall,
km as form, and spray against it. We could build massive

R® piers at corners on the base, and then fill int between them.

This gives better sense of the level.

In the end we may have plants X growing over this base, so its =

final texturem possibly not essential.
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EXTERIGR CORNER COLUMN FORMS

The slab is compieted. We now begin the construction of
of the house.

The construction of the walls of the house is dbne in two
steps: (9)the building of the formwork and framework, including
plumbing, electrial, insulation, heating etc. and (2)the shooting
of the gunite.

The first operation in the framework step is to erxect the
forms for the exterior cormer columns. The column forms perform
two functions: they shape the gunite and , most importantly, .
they are the basic structure for the lightweight wall framework.
The wall framework must be as as light as gpossible and easy to
construct, but it must also remain in place until the gunite
is finally sprayed. Not only does the framework need to withstand
exposure to weather and children, it must also withstand the
pressure from the hose during spraying. The strenghkkth is provided

by a rigid and well built column form.



The column forms are built of 1lx material and two sheets
of x 1/2" plywood which form the exterior faces of the finished
column, and a 2x2 in the corner where the two sheets of plywood
meet. The column forms have four critical connectiéns which
must always be kept in mind while building the €orm: the connections
to the slab, the wall, the cornice , and the graound. The form
must fit securely into the 1x3 notch which was left in the edge
of the slab. There must be a rigid connection between the
form and the framework & of the walls which can be easily seperated
after the shooting. The top of the column form support the cqrnice
and acts as part of the cornice form. The bracing of the column
form to the ground provides the stability for the frameworB of
the entire house.

The overall dimensions of the columns are typically 18'
wide and 7' 91/4" high (for 8' interior ceiling hieght) and
8' 91/4" for 9' interior ceiling height.

The 1x3 notch at the edge of the slab and the final proportions
desired determine the size and configuration of the 1x material.
The distance from the edge of the slab to the face of the finished
cotumn should be a minimum of 1/2". The distance from the face
of the column to the exterior surface of the wall should be a
minimum of 1-1/4". The thickness of the exterior wall gunite is

3/4" from the inside edge of the notch where the insulation rests.
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The form for the column not only needs to meet the demands
already listed, but needs to be adaptable to various specific
corner conditions. In the Martinez house there were three such
variations: A standard corner column (A type), a ¥ T shape
where two columns intersect (T type), and a straight shape where

the column meets with an exterior wall (1 type).

We developed two different methods of B constructing the
column forms wheich we fested on the site. We will describe both
since they performed there basic furxxsr function roughly & the
same. We chose, however, the slightly more complicated of the

two because it made later operations much more simple.
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simple to build, but caused more complicated, but was
later problems simpler in the long run



CONSTRUCTING THE "A" COLUMN FORM

The following is the sequence of operations for constructing

a corner column with an eight foot interior ceiling height.

First, two 1lx3s (7' 9-1/4" long) are each nailed to a 3/4"x1-1/4"

board (a trimmed 1x3 7' 9-1/4" long) with ring shank nails on about

4"-6" centers. %
Ix2 %" 2ty ;ﬁua
PLAN

The 1x3 should have a 3/4" x 2" notch cut in it at the top in

which the cornice form will rest. % 'ﬁlx NOTeH
T
No ‘5_____r— ToP ofF ANIE
Ix3 5
—_ N v

Next, each of these lx assemblies is nailed to a piece of
plywood, one 18-3/4" x 7' 9-1/4" and one 19-1/4" x 7° 9-1/4".
This makes the thickness of the form section the width of the notch.
The 1/2" plywood creates the désired distance between the edge of

the slab and the face of the column.

1x3
3/ F %2 PLxwwoOoD
‘l- N LTI IZTZ T AL AT T A T |
PLAN

In a later operation, a 2x2 tie will connect the screed boards

of the wall to the 1x3 of the column form with duplex nails. This

will support the walls and will allow the column form to be easily
removed after spraying. The 2x2 tie will remain in the wall and will

then be covered by the exterior wall spraying.
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A 2x2 also 7' 9-1/4" long is now nailed to the edge of the

18-3/4" wide piece of plywood.

2x2
et N /,[///,_;&7 zzsz

PLAN h' oPuY h' PN

The two sides of the form are now joined by nailing the 19-1/4"
piece of plywood to the 2x2. The two pieces of ply wood should

overlap.
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1x4 bracing is now nailed to the plywood exterior to help
keep it from twisting. It is nailed in three places: flush with
the top, in the middle, and overhanging at the bottom. The brace
at the top will help form the cornice and the overhanging brace at
the bottom makes it easy to place the form because it is placed

flush against the By edge of the slab.
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ERECTING THE COLUMN

The erection and bracing of the columns is done using 2x4

diagonals which run from the célumn to stakes in the ground.

Typically, the bottom is secured first, then the top is braced %=

at the outside to prevent the form from twisting and to keep it

vertical.

The corner column form is put in place at the corner of the

slab. The overhanging 1lx4 bracing at the bottom of the form

should be flush against the side of the slhb.

PLYwWooD

S LAR IxH BRACING
SECTION N
The base of the column form is secured to the ground first. A

6'-8' 2x4 is nailed with duplex nails across the face of the form

near the bottom. A 2x4 stake about 4' long is driven in with a

sledge hammer where the brace meets the ground. The 2x4 brace is

nailed to the stake, making sure the base of the formxx is even

with the edge of the slab. _L:
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Next, the top of the column is made sguare by nailing a piece
of 1x4 diagonally across the top. The sguareness is checked with
a large framing square on the outside of the form near the top.
The 1x4 shouldn't overhang the edge of the form so it won't
interfere with the cornice form. The brace also should not inter-
fere with the B wall frames. It should be nailed with duplex nails

so it can be removed before pouring the cornice.

WALL /

SCREED BoARDS

¢

Ix4 BRACE

After the top is squared, it is braced to the ground. A
12' 2x4 with a diagonal cut at the end is attached to the outside

of the 1x3 by nailing through the 1lx3 from the inside.
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ELEVATION
A stake is driven in where the 2x4 meets the ground, One person

then checks the verticality of the form with a level while another

pulls or pushes the brace. When the form is vertical, the brace is

nailed to the stake.
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BRACING OF CORNER COLUMN ("A" TYPE)

BUILDING THE "T" AND "1" TYPE COLUMN FORMS

The forms for the "T" and "1" type columns are built following
the same general principles and the same construction method as the

corner columns. There are a few variations in the details which will

now be described.

"T" TYPE COLUMN FORM

The "T" type column occurs where the corneers of two rooms
meet and there is a continuous exterior wall. In the Martinez
house, there was also a change in slab height between the rooms at this

HIGHER
SLABg

point.

T coLuUMN

PLAN
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The column on the higher slab will extend above the roof
of the room on the lower slab, so the column should face outward
from the upper slab. What is actually being built, toghether, is
two columns- a corner column on the'upper slab, and a straight

UPFER
column on the lower slab. stre CORNEE COLUMN

ST AV LgHT <coLUdMN
The straight column form and one side of the corner column

form are built as one continuous piece.

PLYY Woop
é\ui <
e
PLyweoor
‘ '—"r“' DIFFERENCE 1w
PLAN ELEV. , —d— ELUAB HEIGHT

It won't be possible to cut this entire piece of plywood out
of one 4'x8' sheet. AR A piece will need to be added to the plywwod.
The piece is joined by nailing a ® 1x4 along the seam. It is
also important to remember that both the upper and lower parts of
this form need 1x4 bracing at both the top and bottom, since the
top bracing is part of the cornise form and the bottom bracing

helps the form to be fitted to the edge of the slab.

PLY wWoop™ IxY4 BRAZING
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When this part of the form is built, a small piece of moulding

is nailed down the middle, so that the two columns will be

distinguishable after the forms are removed.
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Next, the corner of the upper column is completed just like

a corner column except a hole is left in the form where the lower

straight column intersects.
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The 2x2 in the corner of this column form is placed only from

the top of this hole to the top of the column.

Z2x2

N

7

The two parts of the form are then joined at the 2x2.
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Bracing the "T" column f&rm is also slightly different.
First, the & middle is braced near the top with a 2x4 and at the

base with a 1x4.
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The ends are

to the middle 1x4

FoR M

BRACING

PLAN

The ends at the ® top ©f the form are braced with 2x4s wh-ich

angle out and away from the column at an angle of 45° in plan.

L)‘J’r GRALING

FORM

FPLAN
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The bottom of the inner side of the cbrner column is braced

with a strip of plywood nailed to the face of the form and then to

the face of the concrete with a concrete nail.
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"1l" COLUMN FORM

The "1" column form is the simplest of all the column forms.

It occurs where a column intersects with another exterior wall.

*ou

I coLumny

PLAN
The column is exposed on only one side, so it is built as a straight

column.

P LA
The form is made out of a single piece of‘plywood. In the

Martinez house, there wés a difference in slab height at this point,

so the ply wood is notched where the form meets the upper slab.
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The plywood meets the styrofoam insulation of the wall it is
intersecting. A 1x3 is nailed to the plywood at this edge to

allow the upper wall frame to be connected to the column form.
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BRACING THE "1" COLUMN FORM

Bracing of the "1" column form is similar to bracing half
of a "T" column form. First, the end of the column form which
meets the upper slab is braced at the top with a 2x4 and at the

base with a 1x4.
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The bhase is now secured with a 1x4 which is nailed to the first

2x4 brace. Another 1x4 brace may be neccesary between the 2x4s

near the top.




If there is a slab adjacent to the "1" column instead of
ground, the bracing must be altered slightly. A 1lx4 is used to
brace the top of the form on the end which meets the upper slab,

and a concrete nail is used to secure the 1x4 brace to the side

of the upper slab.
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OPERATION __

e

-—EOQRMS OQOF EXTERIOR CORNER COLUMNS

~CONTINUE-

™

MATERIALS LABOR
ESTIMATED COoSsT REAL COST DATE HOURS
(x3)"-18" 1.2 $ jmoulajng_g: 1.12
(1x3)"/2-[8'] form 0.6 $[(1x4)"-[6"] 0.84 S
(2x2)"-.2'] form 0.38 $ [1/2" plywood-1.5(4x8)" 16.13 $
molding-[8'] form 1.12 $ \
(1x4)"-[15'] bracing 2.1 % x
3/8" plywood-11/2[4x8]'| 11.93 $ \
each 9'-"T" column is 21.38 ¢ N\
sub total for:1-9'"r"column { .21.38_$]1<9'"T" total (tax not added) |.__24:47 8
(1x3)"-3[8'] form 3.6 $|(1x3]1"-4.5[8"] 5.4 $ \\
(1x3)"/2-3[8'] form 1.8 $](1x41"-[6"] 0.84 ¢ \ &
(2x2)"-[2'] form 0.38 $[moulding-8" 1.12 ¢ Ny
molding-[8'] form 1.12 $|1/2" plywood-1.5(4x8) " 16.13 § \
(1x4)"-[15"'] bracing 2.1 $ \
3/8" plywood-11l/2[4x8]1'| 11.93 &
each 8'-"T" column is 20.93 ¥ NOV. 25 .81 8 & b/vm
sub total for:j_giwpneoiymn [-_20-93_$[1-8'"T" total (tax not added) ——-23.49 SPEC.14 .81 h/2 m
(2x4)"-2112"'] bracing 6.24 S (2x4)"-20[12'] * * 62,40 ¢
(2x4)"-2[6"'] bracing 3.16 S| (2x4)"-2076'1 * * 3160
(2x4)"-4[4'] anchorag 4.16 $|(2x4)"-40[4"] * ¥ 41.60 8
Sub_ Wkl fe# 10 columns --135.6_%|sub total for 10 bracings * ]*135.60
total 289.31 $
tax-6.5% 18.8 ¢
consumables-5% ] 15.4_4| consumables (tax not added) 10.81 §
TOTAL 323.52 % PAID TOTAL 175.90 § TOTAL 78 mah,
- _REAL_TOTAL 323.00 $




f;\ OPERATION FORMS OF EXTERIOR CORNER COLUMNS N
MATERIALS LABOR
ESTIMATED cosT REAL COST DATE HOURS

(Ix3)"-2[8'1 form 2.4 ¢ (1x3)"-3(8"] 3.6 § :_

(ix3)"/2-218'1 form 1.2 ¢ |(Ix4)"-4(8'],1[12"] A B e

(2x2)"-[8']1 form 1.52 g | (2x2)"-3[8"] 3.12 8

(1x4)"~[10'1 bracing 1.4 ¢ |1/2" plywood-2(4x8) " 2.5 3

3/8" plywood-[4x81" 7.95 § | 5/16" plywood- (4x8)° Tag B e

each 8'-"A" column is 14.47 8§ \
sub total _for ;3-gr'eavcolumngl43:41 5 | 3-8'""A"total - (tax not added) | 40.88 $|Nov.17. 81 [5.5 h/3 m

(1x3)"-2[9'] form 2,7 ¢ | (x31"-9110'] i1l B .

(1x3)"/2-2[9'] form 1.35 $ | (0x2)"-3710"'] 5.20 $ e ‘

(2x2)"-[9'] form 1.71 $ | (1x2)"-[4"'] 0.44 -

(1x4)"-[10'] bracing 1.4 $|3/8" plywood~4 (4x8)' 31.80 S5}« \ Ef

3/8" plywood- [4x8]" 7.95 $ | e

each 9'-"A" column is 15.11 $ \\:
sub total fogr ;3-9'"A"columns| 45.33 $ 3-9'"A" total (tax not added] 50,94 _$|Nov.19. 81 [5.5 h/4 m

(1x3)"-[8'] form 1.2 $ ] (1x3)]"-3[8"] 3.6 $ -

(1x3)"/2-[8'] form 0.65 $ | (144)"_1ar] 056 s N\ u

(1x2)"~[8'1 form 0.88 §|1/2" plywood- (4x8)" 10.75 § >

3/8" plywood-[4x8]" 7.95 8 \

(1x4)"-[5'] bracing 0.7 38 \\\, o

each 8'-"L" column is dl.33. 8 \\\

—sub total for :2-8'"L"columnsl-22:56_% ] 2-8'"L" total (tax not added) |__14.91_% \\\
(1x3)"-2[9'] form 2.7 $ | (1x3)"-3[10"] 4.50 § S
(1:3)"/2-2(9"] torm 1.35 $| ax3)"-1.5(8'] Y . A

TOTAL TOTAL TOTAL
A See next page.
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STRUCTURAL CHARACTERISTICS. ¢

~ The column is made integral with the ZXheomxmamni beam and floor
steel - and therefore has ® its crucial section at the ends.
Since the capitals and base a#r® are a full dimension 8", the

cghymxm column section is that gx at base and rmXr capital.

MNBEMNBYMNEMEBMNBMBMIBHMNB8MNBYBMNBMEBMNBMBMNBYNBHMEMNBMNBMEBMNBMNBMNRMAN

MXBMEBMBANRYMNBMBMNM

Different sizes of columns, may mhamxm take the loads given in

the following tables:

Unusual features of the column, from the point of view

of building codes, is the fact that the wire mesh is ®# suffieient
to provide lateral restriction ® to the main steel bars, and
replace the ring bars specified in the code section .

¥kxx For calculations which justify this replacement, see appendix Xx.

The column meets code in respect of number of bars, size of bars,

concrete cover over ¥& bars (1.5 inches on exterior fmmm¥m faces),



OCTAGONAL COLUMN.

Eaxctly the same construction as the cruciform column, except
that the guides in the formwork are chamfer-split 2x2's instead
of full 2x2's. In this case, the column can be smaller, down to

5 xgk inches.

Again, if we wish, we can make column and base flare out to
give the full square cross section, with the ends of the

chemfered 2x2 cut in a special jig to give the flare.



CRUCIFORM COLUMN (WITH INTEGRAL BASE AND GAPITAL).

This column km®mm can be freestanding, or part of a wall. It

corner indentations that make it cruciform. The shaping mhm of the
capital can vary, according to the effort and time spent.

R~ pu

F=

it

e

FORMWORK. The formwork of-this column is made %X of four 2x2's,
forming the corners of the column. The 2x2's are connected, top
and bottom, by planks, or cross braced 1lx material, in such a
waymkhahm both to stiffenh the column, and to form the base and
capital. The column faces are trowelled off, directly, against the

corner forms, and the corners forms stripped.

XXR STEEL. The steel for this column consists of = four #4 bars,
placed in a diamond with respect to the column faces, surrounded
and held in place by a 4x4, 10/10 wire mesh, paper backed, to
make spraying easy.

the ends of the
To mxm form the flare for =m®X capital and base, mhm 2x2's must

k% be cut in a special jig, with a jig saw, to a curve given by

the jig.
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EXTERIOR WALLS

This is an element of the larger building which immediately
follows the placement of the corner columns described

in that section. The present design results in an exterior
which is rough in texture (that which is left from the gun),
and an interior surface of two different types. In one
type all screeding is done horizontally with temporary
screed boards which results in a lightly textuted wall
requiring no cover up molding. The other design dictates
that one screed horizontally below wainscoat level, and
vertically above that point. All screed surfaces are

permanent and are to be covered with wood molding later.



WE assume that the slab is in place with rebar stub outs,
that the corner column forms have been built and are in

place, and that the window openings have been located.
WE now place the exterior walls.

The walls themselves are constructed of light weight wood
1"x2" studs approximately 3' o.c. to which is attached

2 1/2" rigid insulation.

The first step is to build the wood frame in a horizontal
position on a level surface. Make sure that the wmxkxx
appropriate vertical studs fall in line with the previously
DETERMINED window jams.
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Operation schedule ( 10 lin ft of wall)

Make up 1"x2" wood frame

staple on wire mesh

nail on wood spacers

erect and attach wall frame to corner col's.-
Brace wall frames

Make all necessary steel connections

Attach foam insulation and chicken wire
shoot inside 3" and screed

Shoot outside 3/4"

Total Labot

Operation cost

1"x2" studs 5@ per lin ft
1"x2" screeds 3@ per lin ft
1"x3" base 1@ per lin ft

ww mesh 80 sg ft @ per &g ft

foam insulation 80 sq ft @ per sq ft
chicken wire 80 sg ft @ per sq ft

#3 rebar 30 lin ft horiz + 24 lin ft vert @
3" conc interior .74 cu yd @ per cu yd

3/4" conc exterior .]8 cu yd @ pet cu yd

1 m/h
1 m/h
.25 m/h
1 m/h
.50 m/h
1 m/h

1.5 m/h

per lin ft



Total material cost

Total labor cost

TOTAL COST

COSTS PER SQ FT

Cost per sqg ft of wall

Sqg ft of wall per sq ft of floor

cost per sq ft of floor

corner columns
windows
ceiling perimeter

cornice

FOR FURTHER IMFORMATION



FRAMEWORK FOR EXTERIOR WALLS

Now that the corner columns and cornice forms are
built, we can begin to build the exterior wall frame. The
forms for the corner column and cornice perform structurally,
while the wall frame is just a screen between them. After
the concrete is in place, the structural role of the wall
changes; it becomes a shear wall that structurally stabilizes

the column and beam.

The finished wall is made of two layers of concrete,
one on each side of a layer of rigid insulation. The
three inch inside layer of concrete acts as a structural
shear wall, and the 3/4" layer of concrete on the outside

acts as a protective coating over the 2 1/2" insulation.

i — _/
- — ,
[ig.7 L tSe NPT g
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The construction of the house, except for the
roof and ceiling, has been conceived as a sequence of operations
that will encourage a more efficient, mass-production like

approach. The general sequence of operations is as follows:



l.Light framework

2. Openings for doors and windows

3. Reinforcement

4. Plumbing/Electricity/Heating

5. Insulation

6. Placement of

This list applies to

walls, just as it applies to

chapter we will describe the

concrete

the construction of the exterior
the rest of the house. In this

construction of the first step

in the sequence, the light studs and wire mesh.framework.




The wall framework is built from 1x2 vertical studs, 2(]:(2)
horizontal rails, and a temporary l1lx4 horizontal mil & the top.
Between the vertical and horizontal members will ke atached
wire mesh ( 2x4, l4ga.) that will cover the entire area of the

frame. The finished exterior wall will have the configuration

N

showﬁ in the two sections below. J-” Sfy,—o)coam
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The horizontal rails act as screed boards that will facilitate
finishing the concrete surface of the interior walls. The top rail
is temporary, and willb%emoved, to form a notch for later ceiling
operations, once the concrete walls are finished.

The wall frame has three critical connections: to the slab at



the bottom, to the column forms at the sides, and to the cornice form

at the top.

CONSTRUCTING THE EXTERIOR WALL FRAMEWORK

The following is the sequence of operations for constructing

an exterior wall frame with an eight foot interior ceiling height.

First, mark on the slab (with a chalk-line) a straight
line between two columns. The line is to indicate where the
studs should be placed in relation:-*o the edge of the slab.

This distance is determined by the proportions and configuration
of the finished wall.

In the Martinez house, this is the desired section:
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The next step is to choose and mark the places on the
line where studs should be located. The principles that guide
in selecting the number and placement of studs are as follow:

in general, place studs about three feet apart; a stud should



be no closer than one foot to a connection of the wall frame

to a column form; a stud should be placed at one end (only)

of the wall frame, so that it is flush with the face of the screed
boards of the adjacent perpendicular wall; if a stud falls

at a place on the wall which will have a door or window opening,
move it to the nearest point along the wall that will not
interfere with the construction of the opening (this last rule

is not necessary since the studs can be moved easily).

Now that we have the number and location of the studs,
cut the 1lx2s to the correct length for the eight foot ceiling.

For this ceiling height, the studs should be 8'-1" long.
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On each exterior wall there are two types of screed boards:

permanent 1lx2's, and, the other, a temporary 1x4. The 1lx2's serve
as chairrail and baseboard nailers, while the 1lx4 creates a notch
in the gunite ‘or the later ceiling operation. Both the 1lx2's and
1x4 function primarily as screedboards for the gunite shooting

operations.
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Now cut the screed boards to the right size. The length
of the screed boards is determined by the length of the wall
frame being built plus the length needed at the end of the boards
for connection to the screed boards of adjacent, perpendicular
walls. The screed boards should be cut so that one end is flush

with the front face and the other end is flush with the back face

of the screed boards of the adjacent walls to which they are connected.

- -

H}a:f“;//?aa J \ M flush wilh

4 hack face
. S ——

In order to create a sufficiently thick structural concrete
wall, a 3/4" spacer is placed between the screed boards and the
narrow face of every stud. These spacers are lx2's for the chair-
rail and baseboard, and a 1x4 for the 1x4 top screed board. The
spacers are nailed perpendicular to the studs(parallel to the
screed boards). Care must be taken , from this point forward, to
fix the structure of the walls with galvanized nails since they will
be permanently imbedded in the wall.

The marking of the position of the spacers on the studs is
as follows:

1. The baseboard spacer should be nailed so that the bottom
of the spacer is 4 1/2" from the bottom of the stud.
2. The chairrail should -e nailed so that the top of the

spacer is 3'-0" from the bottom of the stud.



- -

3. The top board spacer should be nailed so that the

top of the spacer is flush with the top of the stud.

Before the nailing of the speacers, a small 2x2 wooden block
(roughly 4" long) should be nailed to the bottom of the wide face
of the stud. This wooden block provides a glueing surface between
the wall framework and the slab. It can be fixed on either side
of the stud, as long as it doesn't interfere with the vertical
reinforcement bars orhwall openings. For the Martinez project, we
used #6 galvanized box nails for the 2x2 blocks, and #3 galvanized

box nails for the spacers.

Now that all the studs are nailed with spacers and blocks, and
the screed boards are cut the right length, lay the studs on the
slab, perpendicular to the edge of the slab, and each stud roughly
opposite its place on the chalk line. The studs are laid with the
spacers laying upward and oriented so that the top of the stud

(the 1x4 end) is closest to the chalkline. Later, this will aliow

lifting the finished wall frame into place without rotatinag it.



Laying out of the wall gtuds:
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In order to save the trouble of squaring the wall frame

later on, mark the screedboards and studs as follows:

1. First, mark the bottom short face of the spacers
with a vertical line flush with one side of the
stud. ( It doesn't matter which side of the stud

you use, but once chosen, remain consistent.)

~\\&;——"\—spacer
lf‘—;;}—‘\vertical encil line
P

stud

2. Place one of the screed boards on the chalkline, mark
the short face of the screed board with vertical lines
in the exact places where the studs will be. (ie.

avoiding reinforcing bars, door locations, etc. )

3. Transfer these marks onto the other two screed

boards.
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Now that all the marking is done, lay aside the

screed boards and place the mesh over the studs.

The mesh that was used in the Martinez project

was (2"x4") 14 ga. W.W.mesh.

The mesh should cover the studs from the bottom,
and extend one foot over the top. It should be one
foot longer than the length of the screed boards so when *
the wall is in place, there is a one foot extension of
mesh at one end of the wall, where it meets the column.
Lay the mesh over the studs and cut little windows
so that the spacers can come through. Now pick up
the screed boards and place them over the spacers, line-up
the lines and nail. The nailing should be done on the 1x2
screed boards simultaneously, moving from stud to stud.
Next, line-up the 1x4 screed board and nail it. (#3 galvn.

box nails)

Now that the screed boards are nailed in place,

staple the mesh to the studs. Begin at one end, then

move from one stud to the next, trying to stretch the mesh

to eliminate waves of loose mesh between the studs.

In the Martinez project, the stapling was done with a

regular staple gun using 1/2" staples. Make sure when stapling that
| the béttom of the mesh is below the
bottom of the stud. To assure this,
always try to leav about 1/4" space

between the bottom of the mesh and

the bottom of the stud.

§ / S——
(;/4" space
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ERECTION OF THE WALL FRAME

A most important part of the erection procedure
is the connections of the wall frame-to the slab, to the
column forms, and to the cornice forms. Therefore,
before erecting the wall frame the following preparations

must be made:

l. Cut 4 pieces (column connectors) of 2x2,
4 3/4" long. This length is determined by the distance

between the 1lx2 screed board and the 1x3 column

“/’IXZ

screed b

2. Cut a ﬁumber of 1x2's ( one for each stud)
14" long that will connect the 1x4 screed
board. to the cornice form. This length is determined
by the 13 1/4" between the top cornice form and

the 1x4 screed board.

1 X2 "\//{/"2’1/’-—*

conndctor '
o

134 s craed b,

Ix2
stud
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The first step in the erection procedure is spreading
glue over the bottom of the studs-the 2x2 blocks.
Construction glue P.L.200 was used in the Martinez house.
The studs are glued to the slaﬂEggfthe wall frame can withstand
the force of the gun while shooting.
The next step is lifting the wall frame off the ground.
Two people are enough,if the wall is 10'-12' or shorter.
Then,while the whole frame is in the air, slide it backwards

7
into its right position between the columns' forms.

While sliding,care must be taken that the studs do

so that
not touchthe slab the glue stays on. When the wall is

in
just about its right place above the chalk-line,lay the
frame down. Sometimes the 2x2 blocks at the bottom of the
studs have no sufficient contact with the concrete surface

of the slab.In such a case press the stud down until the

glue at the bottom is in contact with the slab surface.
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The last step is to attach the wall frame to the columns
and cornice forms.
The connection of the 1x2 screed boards to the 1x3 column

form is done with the 2x2-43/4" piece. It is nailed from the

outside. ‘ﬁy
doplex —
mad'/s 1
| Box A\
) nadls !
L«@ r‘tnxs form
The nailing is done from one side while another man is holding
set

a weight against the oppsite side.

Then connect the top of the studs to the top of the cornice
forms with the 1x2-14" nailer.The nailing should be done with
#3 or#4 box nails so it is easy to remove later.For easier nailing

set the weight again,this time under the cornice.

In the Martinez house the right distance (due to the configuration

of the wall elements) is 131/4".
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OPERATION EXTERIOR WALLS FRAM
MATERIALS LABOR
DESCRIPTION CcosT REMARKS DATE MEN HOURS
For each 1' @ 9' wall hight DEC. 15,81 2 5.5
(1x2)"-[3"'] stud 0.33 § given with discount DEC.16,81 2 4.5
(1x2)"-[2"'"] screed board 0.22 § " " " DEC. 30, 81 3 4
(1x4)"-[1'] screed board 0.14 $ F " . DEC. 31,81 3 2
(1x2)"-[1'] spacer 0.11 s o " g JAN.12,82 2 2
(2"%4") 14 G.W.W.=[1'x10'] 1.50 § dnated i e e P 703
sub total for 1' 2:30 $ tax not included JAN.23,82 2 9
sub total of 105' @ 9' hight 242 s " g o JAN. 30,82 2 8.5
N FOr each 1' @ 8' wall hight

(1x2)"- [2.67'] stud 0.29 § given with discount

(1x2)"- [2'] screed board 0.22 § " g "

(lx4) " [ll] n n 4 0.14 $ n n "

(1x2)"- [1'] spacer 0.11 s " . 1"

(2"%4") 14 G.W.W. -[1'%9'] 1,35 ¢ | dopated

sub total for 1 L 2.11 $ | tax not included

sub total of 95' @ 8! hight 201 s = " 2

SUB_TOTAL 443 S tax not included
TAX - 6.5% 28.8 $
CONSUMABLES - 5% 23.6 S
I ) TOTAL 496 $ total length of 200 TOTAL
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EXTERIOR WALLS

This is an element of the larger building which immediately
follows the placement of the corner columns described in

that section. The present design results in an exterior which
is rough in texture (that which is left from the gun), and

an interior surface which is screeded. The écreed boards

are horizontal 1"x2" located at the top of the wall, the
bottom and at chair rail heighth (32" or so) above the
finished floor. The boards remain in place after shooting

and are covered up by a finish moulding of some sort at

the time when finish trim is applied.

The wall panells will be built on a horizontal surface

and will consist of light weight 1"x2"s. The verticals

R ¢/§4/é&

will be placed on 3' centers without regard to window
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Next turn the frame over and staple the ww mesh to the
backside of the wall. /6he 3/4" spacers can also be applied

at this point. — 7

The walls are now ready for erection. They would be

tilted into place and nailed to the corner columns.

1
| -

R

Once the wall frames are in place they would be plumbed
and braced along their length with 2"x4" running to a
stake in the ground. The estimated interval is to be

about 8'.

Make the necessary steel connections at the corner columns

and run the vertical and horizontal rebar.



EXTERIOR WALLS

The next phase is of immense importance and the ease of
which it can be done is one of the truely great features

of the system...we now locate the window openings.

R A couple of 8' 1"x2" studs are used to mark the vertical
edges of an opening. once this dimension is right one then

use 1"x3"s here
proceedes to locate the upper and lower edges. Should an
opening interupt an already existing stud we just cut it
out...the staples holding it to the mesh come out fairly
easily. The same is true for the chair rail,should a

lower boundary go below that heighth. The final step is to

add the vertical 1"x3"s, completing the rough frame. See WINDOWS & DOORE
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The next task, just prior to gupjte is to apply the rigid
insulation, This step requires two people, one inside
the wall and one outside. The proceedure is to hold the
insulation in place with tie wire which attaches to the
chicken wire on the outside, goes through the foam, and

ties around the ww mesh on the inside.
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Since the whole outer half of the wall relies on its
connection to the inner concrete portaon for stability,

the use of tie wire in this operation should be generous.



AT this point one erects the window boundaries against the
eutside of the wall (SEE WINDOWS&DOORS) .
The final step is to shoot the walls with gunite. This
would be dqne in two phases. The first phase is to shoot
the inside,‘aiong with the corner columns, and the second

is to shoot the outside.

.



&‘WALL WATERRROOF ING

The extericr walls will be sprayed with xypex waterproofing.
One method of application involves a hopper type sprayer, which
uses a hopper full of xypex and mixes it with water at the

nozzel.

/N, 0

Since the reed gun is similar in performance I called mr.
Spall at Concrete Waterproofing of California to discuss the

possibilities.

Two conclusions were reached. 1) turn the pressure of the
machine down as low as possible (about 25psi at the nozzel)
to reduce rebound. 2) mix a batch of xyoex with water by hand
using the exact poportions called for and then spray a

sample with the reed gun into an adjacent bucket, adjusting
the water until a mixture is reached which seems to be like

the hand mixed batch.

Mr. Spall saw no reason why the reed gun wouldn't work, but

thought it might take some experimenting.

I also asked him if the xypex could be mixed dry with the
gunite and sprayed on the exterior wall in one application.

His reply was, no.
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EXTERIOR WINDOW BOUNDARIES

A boundary around a window both marks the window as an

element and provides a transition zone between the transparent
material of the window pane and the opaque wall. In order
for one to feel good with the rough surface of the exterior
walls the boundaries must be exact, with clean lines.

The space around a window is not the only place where exact
boundaries are necessary. Other natural places are; at the

base, at corner columns, at the cornice, and around exterior

doors. Without the boundaries the building could conceivably
begin to take on the so-called"organic" appearance which
was proclaimed in the 1960's and is typically associated with

a hippie movement.

While this section deals with the boundaries around windows

the technique could also be applied to exterior door openings.

At the point one begins to form the window boundaries the
walls are in place with the foam attached (sece exterior walls)
and the frame for the window openings have been made, and built

into the light weight wall frame,

V 1"k 8" Frame
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A1l window boundaries are formed of 1"x material set against
the foam and chicken wire on the outside of the building, and
shot from the inside presumably at the time of shooting the

interior.of the building.

1




The simplest window boundary is shown on the preceeding

page. The result would be a boundary 3/4'" out from the

plane of the wall and 2 3/4" wide on the top and sides,

version

and 4 3%/4" on the bottom. A slightly more compicatedy’but
still within the bounds of the project is shown below.

This type results in a boundary which has a gill 3/4" out
from the plane of the rest of the boundary and 3/4" reveal

on each end.
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This method of making the window boundaries offers some
opportunities to do something nice. For example a base
molding could be nailed into the face of the vertical 1"xy"
leaving a scalloping in the‘concrete after the forms are

removede.

Still unanswered is the question about what happens at the
tope Will the gunite stick in a vertical under hanging
position? If not then a 1"x8" board will most likely need

to be used in place of the screeding operation now planned for.



ELECTRICAL

The electrical phase of the construction will take place
in two separate operations. The first is to set the boxes
prior to gunnite, and the second involves the actual wiring

and hook-up.

For the first operation we assume that the light weight
wood frame for the walls are in placee The boxes with offset

he
flanges areznalled in place at the level of the 1"x2" raceway.
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ELECTRICAL

The placement of switches is a slightly different matter.
They would occur at zpERXR¥E door openings and be at aheight
of approximately 4'-6" from the floor. The switches will
be nailed to the 1"x2" vertical stud and wired through a

piece of conduit.
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ELECTRICAL

Following placement of all the boxes (outlets and switches) the

wall would be shot with gunnite.

After the concrete has seg,the 1"x2" raceway would be
removed. The wire would then be Xax® xr layed in the void
and the boxes wired. The outlets would be wired through
knock outs in the underside of the box, and the switches

will be wired through the conduit raceway.

The final phase will be to place the baseboard and cover
plates on the outlete and * °~ the cover plates on the

switches.

q




RADIANT HEATING (walls)

The radiant heating as currently designed will consist of
two systems, one to be located in the wall and one in the

ceiling.

The pipe for the wall system will be laid just prior to
shooting and will be located about 18" above the finished

floor surface. In order to insure adequate concrete coverage
the 1"x2" studs will be "notched and the pipe held in place

by a strap, or a piece of tie wire attached to the ww mesh.
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RADIANT HEATING (walls)

Corner bends are made by bending the pipe into the plane

of the other wall and then bending again.
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Once the pipe is in place, and befor

the system must be checked for leaks.

by pressuizing the system to 100 psi
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the concrete is shot
This is accomplished

for 30 minutes.

The wall system, consisting of one loop on the outside

walls will provide 43% of the total heat requirement.

Any other system lay-outs will provide something different

than the 43%.



SCHEME #1

The above scheme has some problems associated with it...
several feet of line occurs behind the kitchen cabinets
and is not very efficient in providing heat to the room.

Also the entry hall receives very little heat.

£ b SCHEME #2

Scheme #2 eliminates the problems of #1 but has one dissadvantage,
that being that the pipe must be stubbed out from the dinning

room partition and connected later in the attic.



SCHEME #3

Scheme #3 I believe offers the best solution, it accepts

a small heat loss behind the kitchen cabinets and adds it

back in the interior partition between the entry hall

and dinning room.



INTERIOR WALLS

The interior walls are similar to the exterior walls on
the level of the wood frame. The only major difference

is that the screed boards must be placed on both sides,

and the verticals run on 2' centers.

Proceedurely, one begins by building a frame of 1"x2"s...

]
verticals on 2 centers with a TOP and BOITOM plate ONLY.
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INTERIOR

rEXTERFOR- WALLS

Next we put on the wire. Whether it is gun-lath, or expanded

metal lath, or something else the proceedure is the same.

The metal is stapled to the vertical studs on alternating

sides. If expanded metal lath is used it has a bias and

they must all be laid the same way.
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INTERIOR WALLS

The next phase is to erect the interior walls and connect

them to the exterior walls.
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Since the interior walls are capable of providing considerable
lateral support for tke éxterior walls, they should be

erected together.

The final step now is to attatch the wall terminus (see JAMB COL'S).

BEFORE SHOOTING

1. Make sure that all walls and columns and wall ends are

tied together with rebar and mesh.

2. Make sure that the electrical outlets and switches are in place.

3. Make sure that the radiant heating lines are in place.
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THIN WALL WITHOUT XNEMEVEVMXUNMXmzm¥Xmkmsm INSULATION

This is a structural wall, 2.5 inches thick, whinkmmmsmsmzmdmp which
fails the insultation code, and can only be used for garages,

sheds, =hxmamsm storagem.®There is a version of the wall with
sheetrock covering which can be used for summer buildings that

do not requireyinsulation, and a two sides version which can be

used for interior walls.

The wall is sprayed from both sides, over 4x2, 10/10 m=sR paper
backed mesh. The exterior face is left with the surface as it comes
from the gun (a round, pebbled surface). The interior surface

(one or two), has vertical flggogattens (1x4) whnbhnkmsbmbrnbmobnba
Aangunbdaebfiobmhbmabomobhmnbmbm set into the concrete, with the

concrete surface brought within .25 - .5 inch from the outer
surface of the batten. This allows kxX building paper (15# felt)

to be stppled to the battens, with sheetrock over, and leaves an
airspace between the concrete and the building paper, to pmzmzm

give additional moisture prtection.

In certain cases the wall may be built with a thicker base,

a kind of concrete wainscot, where the base is 4-5" thick, perhaps
some two feet high, and provides a continuous splash base around
the base of the wall. It also increases the structural strength

of the wall, by reducing its effective span between supports,

from 6'8" to #&X%x 4'8".



WAll Terminus

It is not uncommon to have a situation in a home a other
building for that matter, where two spaces reed some kind of a
partial separation. This can be achieved in a variety of
ways, with the momt common approach to be the formation of a
large opening without doors. Often the large openingis not

a real opening at all, but rather isX formed where a §§§§§g
wall ends in a room.

" [y
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To pay attention to the opening, to give it substance, is
something which is hardley wver done. This section discribes

a way to end a wall, and to form an opening.

A wall terminus will be formed as part of the interiorwall
operation. It could be built as part of the wall frame on the
ground, but to allow the exact proportioningaf the terminus

it is imagined that it will be built separately from the wall

and attached prior to gunnite.

As mentioned above, two conditions of wall termini occur- those
on the end of a fin wall and those which form a doorless opening.
The system, therefore, is designed to be flexible, allowing

changes in the geometry whenever needed.



WALL TERMINUS

Three cases will be described, the first being the most general
configuration and the other two being special modifications of
the first.

In the first case we consider a wall terminus to a fin wall.
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Section

The screed boards are allowed to extend beyond the last
vertical wall stud. These serve as the point of attachment

of the terminus. In shooting the system with gunnite

the wall would be filled with concrete first, sealing the
gap between the 1"x3" terminus stud and the plane of the
wall. The terminus itself would be shot from the open

end and the surface screeded off.



WALL TERMINUS

The next case is a slightly more compicated version of the
general case. This version would occur perhaps only one,

or at most, two times in the house and is reserved for special
openings. In the martinez house considered here thes

type of terminus would occur at the opening between the

entry hall and living room, and in this case would probably
continue across the top of the opening in the form of

a lowered beam.

The steps described in the general case are identical to
thase followed in this version, with the point of departure

occuring during the gunniting phase.
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After the wall terminus has been shot, as described in the
general case, and screeded, two 1"x2" boards are added to

the inside surface of the"opening. The gunnite then proceedes
to be sprayed in the opening created by the new boards.

When filled the surface is once again screeded. The final

section is shown in red above.
Another idea for forming the terminus is shown below. This

design is identical to the general case, but the edges are
scraped out after screedinQ,with a U shaped channel.

Qurrace



WALL TERMINUS

The last case to be considered is the one which occurs

at an opening that has a door. Since the frame for the
door and the attendent trim will add considerable detail
to the opening it is believed that the concrete detailing
should be modest. In essence the proeeedure of layout and
shooting would be identical to hhat described for the
general case, and the only meal differencesisxkRexpXarx
RREEXIBXREXKREXKXBEXRIRKNEXERXMXWRXKkXX are that the screed
boards for the wall continue to the inside surface of the
& opening to provéde a nailer for the wood door frame and
trim, and the resulting poncrete profile being simpler than

any of the previous cases.

V‘T‘ Ii )f
)X v
f . - ~N«..,.__,__,_J—’§v rontinu e P -\d’;/)'f/w-d/
J wrsace,
/ R — ~ T = N R S
/ (=
&
-
é.
nore
2" ner s

J
/! £ am



-2-

Cornice Construction

(New Method)

Tne cornice should be poured before the ceiling operations
begin. Details for the cornice can be found in the chapter
about the cornice. As the cornice is poured, care should be
taken to form a flat, level surface. While the concrete is still
wet, a pressure treated 2x4 (perhaps 2x6) is possitioned on the
cornice. Nails should be driven into the board boforehand so that
as the concrete cures the board will be held in place. This
board should m run the length of the cornice, from gable to
gable. It should end slightly before tne face of the gable (see

detail under "Gable Framework and Reinforcemené). The outer

L

edge of the 2x4 must be ripped at the same angle as the roof slope.
rd
i?\\ This edge board should extend 3/4" beyond tne

edge of the cornice.
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Flat ceiling -Framework

(New method)

The 1"x4" screed plates are removed from tine top of eacn wall

to create niches for the ceiling form boards.

2"x4" joists are then cat to fit =xmygXyx snugly into xk& place
in these niches.they can either be cut slightly long and tapped
into place (perhaps from above) ,or cut losely and put inbbd place
with wooden wedges.

The joists will support a 1/2" thick plywood formvoard.
Wi hway wmesh
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The joists should be roughly perpandicular to the walls,so
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that waermever two sheets of plywood meet, a joist will be

aovle to run directly under the joint and support both p&eces

of plywood.

The joists will pronably work best at 16" centers.At the end wall
joists should support the end of tne plywood near tihe wall.
Before laying the plywood marks should be made on the top of the
wall waerever the joist meets the wall.

The plywood is then cut t® size and layed in place.Xeep in mind

taat the plywood must be removed from below later on.* (see remark in end
of chapter)

Jow tnat tne plywood is in place it should not be walked on

for the rest of the operations..It will propably be necessary



to build a"bridge" wihich can be easily moved around,with the ends
suppotted by the concrete walls.A ladder may work in many cases.
Now use a chalk line to maxk mark th e plywood wherever there is a
joist pelow.Use the marks you made on tne top of the walls for
¥his purpose,The plywood will be nailed to the joists along these

cnalk lines from above.

Nailing will be done with very fine fininshing nails® There are two
reasons for this.l.It will not leave a poor surface for tne con-
crete and 2. the nails must be able to be broken off when the joists
are pounded out of the place from below after it is shot.
POlystyrine may be cut and gluedzto the top of the pluwood asa an
ornament.Wére reinforcement mesh is then layed in place and tied

to tihe mesh protruding from the top of the walls.'

4 we U-S‘d, 1/’ W

2. we used - PL ZOO.W

*The plywood should always be placed with care that the strong

side (the fibres' direction) is parallel to the longer span.
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Fiat Ceiling- Reinforcement

(New Method)

Over the ceiling forms, mesh is layed (highway mesh was used
for the 5 1/2 foot span of the tool shed). It is actually quite
easy to work with a heavy gauge mesh, since after it is possitioned
it stays in place very well. First this mesh should e 5 wired
to the mesh protruding £& from the walls. The mesh should be bent
so that later when it is suspended in place it will lie slightly
above tne surface of the form. The mesh can be left an inch or
two longer at the ends wheremver a gable will be formed, so it
can be connected with the gable reinforcement. In order to shoot
tine ribs for the ceiling, 2x4 cords must be strung between the two
edge boards. These cords will act as form boards (for the ribs),

And form part of the trusses at the gable ends
as well as provide a place to nail the %=a rafEE?EKIéter on. Some
sort of brackets should be used to hold the cords securely to the

edge boards. Once these cords are in place the final reinforcement

of the ceiling and ribs can be done.
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On the tool shed, the cords
were placed at 24" centers




Before placing the rib reinforcement, nails should be driven

into the top of the cords at about 2 foot intervals. Half an inch
of the nail should be left exposed. Long nails &k should be

driven into one side of the cord (on whichever side the rib will be).
These nails should be spaced about one foot apart and driven in

at various angles with 2" or 3" x left exposed. This will keep

the cord rigidly in place after the concrete rib has cured.
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Now a piece of rebar (3/8" was used in the shed) is cut so that
it can lay next to the cord with each end of the bar resting on

tihe top of a wall.

o o

The bar is tinen suspended from the cord with wire. It is important
that tne bar is off to the side of the cord, so tnat it will be
directly under the rib. At this point,the highway mesh can be w
wired to the rebar so that it is supported at the rigiht hight abpbove

tne ceiling form boards.



The last operation of the ceiling reinforcement is to put in
place tne rib's wire mesh. (2"x4" welded wire mesh- 15 gauge
was used in the tool shed) The mesh is to be cut to 12" strips
and then bent down the middle and placed as two 6" layers next
to the cord. Then, the top of this mesh can be wired to the
nails on the top of the cord, and the bottom can be wired to

the rebar and highway mesh.
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All of the reinforcement should now be wired together wxkhk

and supported about 3/4" above the plywood form boards.



ridge board should be at roof level and should be nailed into

place shigihtly above the truss level.

The F('p(g,L board (s above

\[ the tryss leve] so (€ wifl be /(V{/u(
later whith the purfins.

After construction, tne ridge board should be level and all of the
truss angles should be correct. Since this is the structure
of the roof any errors will directly affect tne final product.

In the tool shed, 2x4s were used for the trusses and a

consruction grade 1lx6 for the ridge board.

After the pediment is p%gggd it will be level with the
underside of the roof. This means it will be level with the
ridge board, but not the trusses. A strip of 1/4" plywood
must be nailed to the outer side of the truss to act as a
form for this pediment beam. The plywood need not cover the

whole gable area, but it should be wide enough to glue on the

polystyrene (which will be the next step).
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The next step is to cut a triangular piece of polystyrene
which will be glued to the plywood on the front of the truss.
The position of the gable on the cornice will be determined
by the thickness of this polystyrene. The edge of the pediment
should be about 2" from the edge of the cornice. The final
adjustment can be made at this time. The polystyrene should
act as a filler, moving the gable out to the proper spot and g
providing a surface to shoot against. The top of the polystyrene
should be about 2" below the top of the plywood. There should

also be a gap at the bottom so that the concrete of the ceiling

can be connected to thmat of the gable. ///»\\. ‘gafr y
\\ (_6‘( ng{'lt'hr\\
'P(bwoo& S g 0F3abl€+ celln:j,
poljs—@rm

It is important to have some diagonal support between the
gable and the ceiling. Before the gable reinforcement (chicken
mesh, etc.) is put in place it is necessary to cut a couple of
holes in the polystyrene (and plywood) so that a couple of diagonal
ribs can be shot which will directly connect the concrete of the

gable to that of the ceiling. ribs to g’;&!&
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At this point the chicken wire can be placed on the front

of the polystyrene. Thin strips of wood may be glued to the
polystyrene (with Goodrich PL200 glue), thus providing a place
to staple the mesh. At the bottom,the mesh should be connected
with the ceiling reinforcement. Some extra mesh should be

left at the top where the pediment beam will be shot. The
diagonal rib should be reinforced with a piece of rebar

w¥msg¥ which is connected with the chicken mesh at the top

end and with one of the ceiling ribs at the other.

Construct the pediment form to suit the design of the
building. It can be connected to the truss at the top with
wire (galvanized would be best). At the bottom it should be
connected to the edge board (on the cornice) with small pieces
of plywood, which will also serve as the forms for the pediment

where it meets the cornice.
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Shooting of Ceiling and Gable

(New Method)

The Ceiling and Ceiling ribs are shot first. Care must be

taken that all loose material is removed first.

The form release is spread on forms before starting

The diagonal ribs which connect the gable with the ceiling are

shot next. While shooting,the hole in the polystyrene is temporarily

covered from the outside.

Next, the gable is shot from the outside.

(Approx. 1"x3"x4")
Finally, the pediment is shot, small nailing stripsfare imbedded
in the concrete,and 1t - . 1is carefully screeded to a smooth,

flat, even surface.
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Framework for Wooden Roof

This framework is assembled after the shooting of the
ceiling and the gable ends. The framewoork of the roof is
made of rafters and purlins. First the rafters are nailed
to the ridge board above and the 2"x4" bottom cords (the
rib forms) below. When shooting the ceiling care must be taken
that one side of each bottom cord is left free of gunite :
in order to nail the rafters later. The rafters are construction
grade 2"x's (2"x4"'s were used on the tool shed).
Opposing rafters should be nailed at the same time to prevent
the ridge board from bending. To make the rafters level

with the gable ends, temporarily nail a purlin between the

gable ends.

'Nrnpornrv-

Flnish/ﬁ S——

to complete

the framework remove the &
temporary purlins and nail them face down to the rafters

with the spacing determined at the site. For the tool shed

2 |"x4" purlins were used on each side.
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Nailing the Wooden Roof

This is a Russian style wooden roof. It is made from 2
layers of notched planks which extend from the ridge to the eave.
The top layer is displaced over the bottom layer by 4/2 the
width of a plank. Each plank has two channels for water drainage.
The bottom layer is nailed to the purlins and the top layer is
nailed to the bottom layer. The ridge is capped.

The first step is to cover the entire framework with
building papet. The paper is laid in strips parallel to the ridge
line. The first layer is at the eave and each succeeding layer
overlaps the previous one by at least one foot. The last layer
should cap the ridge. The-building paper is stapled in such a
way that it is stretched slightly across the framework. This

process is done on both sides.

The planks used for the tool shed were Douglas Fir construc-
tion grade 1"x8"'s. Each plank has two channels on one face.
Each channel is 1" away from the edge, 3/8" deep and approximately
1" wide. The shape of the channel depends on the shape of the
shaper's or router's blade. It can be either square, rectangular,
round or triangular in section.

The first layer is nailed to the purlins, the ridge board
and the edge board with #8 galvanized box nails. The first plank
is nailed with roofing nails to the nailing strips which are
embedded in the gable truss. This board ﬁ$§¥§g£; the face of
the pediment by approximately 4 1/2". It is laid on top of the

ridge boards and extends 3" past the edge board. The rest of the

planks on this layer are cut to approximately the same size,
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and nailed tightly one next to the other. Care must be taken

that all planks are leveled on top, thus they cover'1/2 the top

of the ridge board. N F"“”?Lﬁhe wid
)
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The last plank is nailed (like the first) with roofing nails
to the nailing strips. This plankqujfigxtend more that\‘ 1(§"
from the face of the pediment. 1In this case cut it to fit.

In order to get a straight finish cut at the eave, first
mark the finish line withe a chalk-line and then saw it.

In this way ther is no need for accuracy in nailing the boards
to the purlines. It is easy to saw a straight edge at the
desired place and to get an accurate line at the eave.

Both sides of the roof are covered in this way. Now cover
the ridge with a metal strip, nailing it with roofing nails.
(6" Aluminum strip was used in tool-shed).

A second layer is naild and cut exactly as the first layer

was. It can extend beyond the first layer at the eave, level

with it, or made shorter. Again the ridge is covered with a

metal strip.

In the toll-shed the second

e’
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layer extend the first layer

| at the eave.
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If while nailing the first layer,ther are noticeable
cracks at the joints between the roof planks, they mast be
sealed with a clear silicone rubber sealer.However,the first
layer must be perfectly seald,because the clear sealer still
leaves marks that we do not want to show on the finished
surface.

Two 1"x's are then naild at the ridge and covers the
metal strip. The size of this boards can change due to
the proportions of the roof. (1"x3" were used on tool-shed).

Small ornaments can cover the gable sides,and a

moulding strip can be set on top of the ridge.
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Flat Ceiling And Wooden Roof (new method)

- Inadequate construction details -

Ceiling - 1/2" plywood on 16" centers 2"x4"joists,bowed under the
concrete weight.
-The ceiling sould be higher then the cornice for drainag

reasons.

Pediment -The pediment edges should be reinforced with more chicken
wire,thus they do not crack.
-The nailing strips imbedded in the pediment dose not work
very good,and the roof's edge planks are therfor not

rigid enough.



GABLE END
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The gable end is to be built similarly to the other trusses

with two important differences. Both sides are to be shog

and 4" styrofoam is to be substituted for the building

paper.
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GABLE END

The first shooting(:)is to be done at the time of the ceiling
and other trusses. Shooting (@ and @) is done at the time

of doing the roof and cornice, with(@)preceeding Cl Praior

to the second shooting a 3" strip of styrofoam is to be

removed to allow room for shooting the cornice.



Gavle Formwork and Reinforcement

(New Method)

The first step in the gable formwork is to build a wooden
truss at each end of the roof with a ridge mard connecting tnem.
The bases of the trusses will be formed oy nailing the truss

boards to the cord boards at eacn end of tae ceiling.

These truss poards should e nailedvto the outer side of the
cords. After looking over the winole gable construction method,
it will be necessary to decide on the correct positioning of the
final gable end in relation to the cornice and corner columns.
The front of the gable should be somewhat back from tne edge of
the cornice and the bulk of the gaole should rest on the columns.
This ReEkmxmkx will determine the position of the last cord and

the truss structure. Once proper set-back distance from the edge
has oeen found, the slope of the roof must be determined and the
ridge board possitioned at the correct anignt to achieve tnis aﬁgle,
The ridge board whould lie directly between the two truss boards
and be held tightly in place by them. Before tne final roof is
built, purlins will be laid on top of tne truss boards, so that

the truss boards will actually be below roof level. iowever, the
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THE CORNICE FORMS

Once the columns forms are erected and braced,the cornice
forms are built and put in place. The finished cornice acts as a
beam spanning between the tops of the columns and provides a visual
transition from the plan of the walls to the overhanging roof.

The cornice forms are made of 4(1x4's)" connected on their

flats and edges and styrofoam (rectangular section) glued in later.

/fr‘yl’ofon_‘m

<« IxX4

_The wooden form is made in two operations. Miling separately two

"L" shapes and joining them. Later the rectangular styrofoam is glued

in place. ", 1
f’L‘SAaPc
"o
s f SAapc

The cornice form is nailed to the top exterior of the corner
columns forms,later the top of the wall frame is braced to it.

Pane )




Tt is essential that the horizontal lines that the cornice
forms makes are clean and straight, so that no curved lines will
disturb the eye by making the building look unsound. The nature of
edge.to flat connections of the }lx4's, provides a lot of strength
in the spanning ability. However vertical props support the cornice
while pouring the concrete, in order to keep it from bowing down.

The most difficult parts in building the cornice forms
are the connections between the adjacent forms. The first cornice
form to be built on each level of the house will have an identical
end on each side. We will call this type an "X" end.

<Ei} end
s

X end

X end

Later, after this cornice forms withiwo "X" ends are in
place, the adjoining cornice form with "Y" ends is measured to fit
with the existing "X" to form the joint at the corner. The a4
cornice form's dimensions are obtained by measuring between the
existing "X" connections for each 1x4.The cornice is poured once

the walls .and corner columns have been shot.

Y
i LD ) This scheme describes
the way the cornices join
in the Martines layout.
. & X X
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MEASURING THE CORNICE FORMS

The first thing to do is to get accurate measurements. The parts
of the cornice are as follows:

Top Vertical Top Horizontal

Bottom Vertical

—

‘Q\_‘fgttom Horizontal

To get the length of the bottom horizontal (B.H.), measure
between the inside edges of thecolumn forms that will support<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>