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4. Remove all loose concrete before 
thoroughly wet the surface to 
loss to the parent concrete. 

starting the patch and 
prevent patch mix moisture 

5. Pack the patch tightly into the void and hand dress to 
match the texture of the parent. 

6. Cure the patch by covering it to retain the moisture. 

Project patching should be started after the finish has been 
produced and when there is sufficient work ahead to keep 
finishers busy. Good patching requires finisher continuity. 
Starting too soon can result in training many different finishers 
and producing variable results. 

Clean-up: - Clean-up should be easy for a well planned and 
implemented job. Remove dirt and grime. Assure that all 
surfaces are sealed and there is no rust developing from exposed 
steel. 

CONCLUSION 

With proper contract documents and supervision, architectural 
concrete can be very rewarding. The Owner will have a structure 
which needs little maintenance. He will have a distinctive 
structure that he will not see repeated in the next block or the 
next city. 

Table II [4] is a listing many of the causal factors for variable 
finish results. Attention should be paid to the many factors 
which effect design as well as execution. All are important to 
assure that the result will be as planned. 

Concrete tests the skills of the architect to design structures 
of lasting beauty and the contractors who build them. If the 
architect does not produce contract documents which properly 
guide the project to a successful completion, he must accept the 
blame for his share of the problems. If the contractor does not 
follow good architectural concrete construction practices, the 
results will be a detriment to the concrete industry. 
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TABLE 5.1.4--RANGE OF CHARACTERISTICS, PERFORMANCE, 
AND APPLICATIONS OF INTERNAL VIBRATORS 

Column I (2) Suggestec u> I I 
(3) (4) (5) (6) (7) (8) (9) 

values o! 

I I Recommended Eccentric: I Centri· Radius Rate of' concrete 
Diameter I frequency. moment. Avenge fugal oC plaeement. eu yd. 
of head. vibrations ln.·lb amplitude. force. lb action. hr per 

Group tn. (em) per mln CH:) (c:m·kC) ln. (em) (kg!) in. Cc:m) vibr-ato:- (m"/hr) 

I lOOG0-15000 I 0.03-Q.lO 0.015-o o:t I 100-400 3-.6 J-5 Pl:'lstic: anrl !lowing in very 
C2-4) U70·250) co.OZS..0.12) (0.04..0.08) (45·180) CB-15) co.a-n thin members and confined places. 

May be use-1 to supplement l:u·ger vi• 
brators. espeezally m work 
where anri ducts cause conges­
tion in forms. Also userl !or !abricatinc: 

test speetmens. 

2 I I 9000-13500 0.02...0.04 I 300-900 conerett- in thin "''alls. columns. 
(3-6) (150•225) C0.05.0.10) Cl40-400J (;;:;, I C2.l·8J pree:2st th.ir:. slabs. and 

along eonstrucbon Joants. May be used 
to supple-ment Larger vibrators in con-

3 

Notes: 

I 
1 

1 1 1 1 1 1 
fined areas. 

0.20-G.70 0.025-o.os 700·7000 7·14 6-20 Stiff concrete ness than 3-ln. (8 
C0.23-G.81) (0.06..0.13) (320..900) (18-36) (4.6-15) e:nJ slumpJ in general eonstrucUon 

such .as walls. eoiumns. beams. pre-
(5-9) 

8000-12000 
(130-200) 

3-6 
(8-15) 

5-7 
(13-18) 

7000-10500 
(120-180) 

5500-8500 
(90-140) 

0.70-2.5 I 0.03-D.OS 11500-4000 I 12-20 
10.81-2.91 (0.08-D.151 1680-18001 130-51) 

:.::s-3.50 I o.o•-o.o8 I :500-6000 I 16-21 
(2.6-4.0) (0.10-0.20) I 1100-2700) (40-61) 

(15.o10) 
Ul-31) 

25·50 
(19-38) 

stresse'i piJes. and heavy sl.abs. AuxlU­
an· vibration ad]aeent to forms of mass 
concrete and pavements. :May be g:anc 
mounted to provi""e full width internal 
vibration o! pavement slabs. 

Mass :anc1 struetural cor.crete of 0 to 2-
in. {5 eml slum-p deposited in quanti­
ties up to 4 c:u yd C3 in relatlvely 
open forms of eonstructton 
c powerhouses. he:avy brirtge piers and 
fou.nc1ations). Also auxiliary vibration 
in dam constn.zetion near fonns and 
arounrf embedded. Jtems and reinforc­
ing steel. 

eonerete in gra ... ·ity dams, large 
piers. massive walls. etc:. Two or more 
vibrators will be r.-quired to operate 

to melt c1own and eon­
solirl="tC' quant1t1es of eoncrete of 4 eu 
ytf C3 or more deposited. at one 
time in the form. 

Column 3 - While vibrator is operating in eonerete. 
Column 4- Computed by formula in Fie. A:J. in Appendix A. 
Column 5 - Computed or mea.sul"'ed .as described In Sec:bon 15.3.2. 'l'h1s Is peak amplitude thalf the peak·to-peak value). operating in 

air. 
Column 6-Computed by formula In Fl£. A.2 In Appendix. usin£ frequency of vibrator while operating in eoncrete. 
Column 7- Distance over whic:h c:onc:rete is fully consolidated. 
Column 8 - Assumes insertion spacinc 1s 1 times the radius of aetion. and that vibrator operates two-thirds of time concrete is be­

ing plac:ed. 
Columns 7 and 8 - These ranges renec:t not only the capability or the vibrator but also dl!!erenc:es in "-"Ork.ablllty o! the mix. 

o! deaeration desired.. and other eonliitions experienced 1n construc:tJ.on. 

1-' 
0 
0 

if, 

:=-..... -rJl 

s 
::s . 
if, 

https://www.civilenghub.com/ACI/167127422/ACI-SP-107?src=spdf


Concrete Formwork 101 

TABLE !--ARCHITECTURAL CONCRETE QUALITY: RELATIVE SIGNIFICANCE 
OF CONSTRUCTION DETAILS ON THE RESULTS 

"AS CAST FINISII" DISTRESSED FINISil " 

FORM TIES 
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I. CONSTRUCTION 
CONDITIONS 

A Form 

1 Than Sea•on 
2 Shaoe 

B BAnEREO 
CONSTRUCTION 

C INTERFERING 
CONSTRUCTION 
1 Protecung 

Re5ted 
2. Interference 

To Access 
Str. Sleet Fwe 
?root W /Men. 

0 Internal Inter-
ference 
8Jocll:outs 
2 Conduns 
3 Plumb"Q 
4 EKess.ve 

Rest eel 
5 Ste-et 

Spl•ees 
E. Wf!'athet 

1 Htgh Tempera· 
lure 

2 Low Tempera-
ture 

3 
4 W.nd 

TABLE 2--SURFACE BLEMISHES IN FORMED CONCRETE 

II. MIXTURE III.I"..ACEMENT 

A Sllckv A. 
1. Excessive 1 Small Mouth 

Sand 2 Conhgur auon 
2. Low Sand- FM 3. Otsc:narge 
3 Htgh-50-Sand ControC 

4 Htgh Cement B. Concrete Pump 
5. Htgh Alt 1. Requrres 

Content Flu•d Mix 
6. Excessrve 2. Bre31tdown 

Pozzolan 3 Slow Delivery 
7. Paructe C. Belt Conveyors 

Oegradat•on 1 
B. Harsh 2. Slump Loss 

1. Exce5Stve C A 3. Monar Loss 
2 Increase Sand 0. Hopoer/Trem•• 

FM 1. Om-ned 

3 PoOl" 2 Too Small 
4 P;vude 3 

Shape Numb« 
C. Cons•stency 4 Mareraal 

1. Htgh E. Oeoosrt 
2 Low 1 Soaoniil 

0 Temoerature 2. Oestam From 
1 Htgh Corner 
2 Low 3. Htgh Volume 

E. Early Strflentng 
1 False Set 

4. Htgh Lrft 
5 Exeesstve 

2 Flash Set Ttme Interval 
2 E•cesstve 6. Equapment 

M•••ng Breakdown 
Admurture 7. Exce-ssrve 
1 Use Free Fall 

2 8. Resteel 
3 Oosa9e Interfere 

IV. COMPACTION 

A Equaoment 
1. Frequency 

2. Amplitude 

3 Power Source 
4. S•ze 
5 Number 
6. Tvoes 
7. Voltage Drop 
8. Matntenanc:e 

B. T echnaques 
1. Vtbrat•on 

Pertod 
2. MaruC)Uiation 
3. Soacn; 
4 Oeoth 
5. Head Partial 

ImmerSion 
6. Too Powerful 

For Toe 
7. Placed Too 

Oose To 
Form .Jomt 

8. ComtnUtty 

V_ FORMS 

A Matertaf 
Char act errst res 
1. Absorpctvtty 

2. Roughness 
3 Adhesron 
4. Reacnon With 

The 
B. Leakage Corvol 

1. Consrruaron 
JOintS 

2. Corner 
.Jetnts 

2. Butt Jotnts 
4 Tie Holn 

C. Releue Agenr: 
1. Tvoe 
2. Chemistry 
3. Frtctton 

WtthMtJ: 
4. AQplrcat•on 
5. Cute 

0. Thermal 
1. Cold 
2. Heat 

VI. OTHER 
INFLUENCES 

A Cunng 
a C. sector au on 

1. Environm"- ·.t 
2. Metal Starn 

C. Suoervis•on 
1. Understaff 
2. Unqualified 
3. Improper 

Plannrng 
0. lnsoectton 

1. UndetSiofl 
2. Unqualified 

E. Worltmen 
1. Un.nstrue:ed 
2. Unskilled 
3. Jnsuffu:iet'C 

Numbers 
F. Sc:tecificataons 

1. Inadequate 
2. lnapptoorace 

,....... 
0 
1:\::1 

en 
:r -· -[fJ 
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0 
::s 
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Conformance and Performance 

for Economy and Quality 

by C.H. Murphree 

Synopsis: Forming economical concrete is discussed from the 
contractor's viewpoint. Two major concrete projects are used 
to compare manufactured with job-built systems for economy 
and quality. The contractor reveals his estimated and actual 
prices. The re-use of form panels, up to 72 times, produces 
real economy and achieves quality. The "team approach" in 
selecting the right system is used and recommended. 

Keywords: concrete construction; contractors; economics; forming 
techniques; formwork (construction); performance; quality 
control; responsibility 
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Cecil H. Murphree, Vice President, Rudolph and Sletten, Inc. 
has devoted over forty years to construction. Prior to his 
present assignment he spent thirty-one years with a large and 
highly respected contractor in California specializing in con­
crete construction, in positions from field operations to Vice 
President, Construction. His experience includes commercial, 
industrial and heavy construction. 

INTRODUCTION 

My first real concrete experience was on the end of a shovel 
conforming to a cadence of 4 3 1 or 3 2 1 measuring aggregates, 
sand and cement into a half:-yard mixer-on the jobsite. When 
a public works project came along we built a cubic foot box 
with 2 handles on each side to meet the measured requirements 
of the agency. 

My first choice for a title for this presentation was, "Do it 
right the first time", for this is our company motto. Then! 
questioned what did I want to say about 
contractors?" Here was where conformance and performance came 
in. 

First - the contractor must conform. By definition, conform 
means "to be obedient or compliant" or "to prevailing standards 
or customs". Not many contractors are obedient or compliant. 
Then as a play on words, CON FORM combines both concrete 
and form. - --

Second - the performance of the contractor is all important. 
Perform means "to do in a formal manner or according to 
prescribed ritual". Notice again; the middle of the word 
performance is FORM. 

The contractor's conformance and performance ultimately 
determine the effectiveness of the architect, the structural 
engineer, the American Concrete Institute and Portland Cement 
Association. Unless the contractor conforms to the structural 
engineer's requirements and unless the contractor performs his 
work as engineered and designed, the good research performed 
and made available by ACI and PCA is wasted. 

We have in California, a group of specialty contractors who do 
only forms and concrete work. Some are good, many are not. 
We, as a general contractor, resist using them. The track 
record when we have used them, is not good. We lose schedule 
control and have a continuous problem with quality control. 
Our experience is that we must assign about the same super-
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v1s1on as though we did the work ourselves. Also, many general 
contractors are not known for their quality work. 

Good concrete depends largely on the selection and proper use 
of the right form system. Every concrete job of 1,000 c.y. or 
more should be considered for repeat and re-use, surface 
finishes, configuration, line and plane and all restraint 
factors. It must consider all known systems and, of course, 
job-built ones. Detail the systems sufficiently to cost-out 
for decision making. This is the only way I know to decide on 
the best system for a particular project. The study and 
research is not a one-person job. I prefer to have as partici­
pants the foreman, the superintendent, the project engineer, 
the project manager and, of course, the estimator. Most 
superintendents do a fine job, but too often they are left 
to their own devices for the form selection. Frequently, many 
of them will use the system they've used successfully before. 
There is no substitute for the TEAM I've just mentioned. 

This presentation proposes to give you concrete forming from 
the contractor's view. During my 40 plus years in building 
I've participated in placing over a million cubic yards of 
concrete. Here, I wish to share the forming of two of my most 
interesting and rewarding concrete projects. The two jobs 
are so unlike in their forming process --yet they are 
alike in that each finished product is the ultimate in quality 
concrete. One project almost shouts "re-use" and "economy" 
from the proper use of large form panels. The other project 
emphasizes the need for detailing and precision in job-built 
form systems. 

FORM RE-USE FOR ECONOMY 

The San Jose/Santa Clara Water Pollution Control Plant handles 
the waste water for nine cities and communities. My tertiary 
(third stage) project increased the treated flow from 120 
million gallons per day to 173 million gallons per day--. --This 
was a competitive bid job. -rhe project consisted of five major 
buildings, five major concrete structures, several miles of 
piping up to 130-inches in diameter, and five live-wet tie-
ins plus many other features. We formed and placed just under 
100,000 c.y. of nearly perfect concrete. In our process of 
form selection, we considered seven different patented form 
systems, and, of course, job-built. We detailed, priced and 
analyzed each system. Here is what we selected and used: 

1. The Tertiary Settling Tanks: Twelve (12) concrete 
tanks 144 feet diameter, fourteen (14) feet deep 
required 275,000 contact feet of forming. We selected 
and used Ewing-Records built metal forms as shown 
in figures 1 and 2. We purchased 60 degrees (74 feet) 
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and our re-use was 72 times. The cost model in Table 
A shows the forming labor, estimate, cost, and the 
square footage involved. A sweep mechanism was used 
to screed the 2" bottom surface topping to the 
required close tolerance. 

2. The Ammonia Nitrification Batteries consisting of 
11,650 LF of Y-wall and divider wall. The walls 
were twenty feet high with a batter at the bottom 
and contained 234,000 contact feet of formwork. We 
selected EFCO metal forms and modified them to fit 
our needs, (see figure 3). On the Y-walls we 
experienced 24 re-uses. On the divider walls we had 
56 re-uses. See cost model Table A for estimated 
and actual costs. 

3. The Box Culvert (Traveler) Metal Forms: The contract 
documents called for 4,000 LF of 144-inch concrete 
pipe from the Tertiary settling tanks to the 
Tertiary filter facility. This was not a legal 
highway load and would have required a plant on the 
jobsite. We proposed a substitution of 11 feet by 
11 feet 10 concrete culvert. The substitution was 
accepted at no change in price. For the 152,000 
contact feet we used EFCO metal forms with 46 re-uses, 
(see figure 4). A unique "top-hanging support system" 
enabled us to drop the traveler and move forward 
every 2 days. Table A cost model details our 
experience with this form system. 

4. Combination Radius and Straight Chlorine Contact Walls: 
These forms were job built using medium density ply­
wood with fiberglas coating. These walls vary in 
height from 17 feet to 20 feet for a total of 
221,000 sq. ft. We built a special frame on which 
to construct the actual form panels as shown in 
figures 5 and 6. Each of our form panels weighed 
6,000 lbs. We realized 32 re-uses with this job­
built system. A review of the cost model in figure 
A tells us that we might have selected the wrong 
system. We also experienced a surface bubble problem. 
If I were to do the same thing again, I would use 
a manufactured metal form with external vi bra tors 
to supplement the internal consolidation. 

5. The Tertiary Blower Building Job-Built Forms: For 
the 63,000 contact feet we used job-built form panels 
and built in-place forming as shown in figure 7. 
This building did not lend itself to repeats. You 
will see from the cost model in Table A that it was 
our most expensive forming. 

https://www.civilenghub.com/ACI/167127422/ACI-SP-107?src=spdf


Concrete l'brmwork 107 

6. Form Hardware: With the exception of the blower build­
ing and box culvert, we used tapered ties because of 
the thick wall sections involved. 

7. All of the forming costs in this discussion have been 
factored to 1986 dollars. 

The Monterey Bay Aquarium - Job Built Forms 

A negotiated Guaranteed Maximum Price Contract. 

Since opening in October 1984, just under four million people 
have visited the Monterey Bay Aquarium. 

The Aquarium has been the subject of feature articles in 
Architectural Record, Concrete International, Sunset Magazine, 
Connoisseur, Smithsonian, Newsweek, Science 84, Der Spiegel, 
Madame Figaro, Chevron USA, Engineering News Record, California 
Builder & Engineer, Ocean, and Dialogue {published in 10 
languages by U.S. Information Agency), Wall Street Journal, 
New York Times, L.A. Times and other newspapers throughout 
the western world and carried by such television shows as 
National Geographic - PBS Television, Today Show, CBS 
Evening News and Good Morning America. 

As builder of the Aquarium the greatest honor accorded this 
contractor was receipt of thr Concrete Building Award of 
Excellence for 1984 from the Cement Association and 
the American Concrete Institute at the Second International 
Conference in Chicago. 

The Monterey Bay Aquarium came to this contractor in the 
design/pre-construction state. The major considerations of 
design were: a) It must duplicate in appearance the old 
Hovden Sardine Cannery, to be demolished, b) It must not 
contain any mistakes made by the other major aquariums in 
the U.S., c) It must be built to last "250 years". All of 
these considerations presented some problems to the design 
team and the contractor. 

The owner wished to retain, as much as possible, portions 
of the sardine cannery to become part of the new aquarium. 
In this respect we were able to keep, by remodeling and 
stabilizing: 

The old three story warehouse - as the administration 
building 

The old boiler plant - as a museum 

The old pump house - as the seawater intake pump 
chamber 
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