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At Gerald Gentleman Unit 2...
Direct Tension lndicators Save Five Times
Their Initial Gost

The sizes of the boiler building and
building for the two units are
identical,but the tons of struc-
rural steel are slightly different
because the boiler and turbine
equipment were purchased
frorn different manufacrurers.
In round numbers, the steel-
work in the boiler and turbine
buildings of each unit can be
rated at I  1,300 tons.

(CD I unlque Opportunity
to Study Direct Tension
lndicators

The high-strength bolts on
Unit 1 were inspected by the
torque-wrench method. Direct
Tension Indicators were used
on Unit 2. This case history
covers the experience on the
comparable portions of the two
units.

Gerrleulr PowenSrnrron
nd, Nebraska

Nebraska Public Power District
Golumbus, Nebraska

.Engineer: Stearns-Roger
Denver, Golorado

Gontractor:
: National Industrial Constructors, Inc.

Dallas, Texas
Austin Power, Inc.
Dallas, Texas

(CD unit I Gompared to Unit 2

Unit 1 was a more extensive project since it includ-
ed coal handling, ash handling, precipitator, service
and office structures that serve the entire station.

lWbtn Unit 1 of the Gerold Gentlemon Stntion entered

seruice in April 1979, it becttmt l'.ieltraskn's lorge* fossil-

fueled generatingJacility. Work on Unit 2 ltegntt Jure
1977, with com,pletion in 1981. The rated genu'nting
capaciry of each unit is 6t0,000 kilowatts. With both mits

in sernice, Gerald Gentlem.sn is the largest powar stntiort irt

Nebraskn.the turbine

INSTALLING BOLTS WITH DIRECT TENSION INDICATORS ON

Boh installntion began on tlte ground, whare ltohs oJ'propcr langth nnd qunntity were r

assem.bh' inchtded n Direct Tension Indicntor - I^ed undu'thc ltoh bed - md rt harde

Bohs were tightened by a two-m.an crew. One rn.nn oltset'ucd the Dit'ect Tinsiott



CD Owner's Gonstruction
Management on Unit 2

_fim Atwood, the (.ir i1
Cons(ruct ion ( -oot ' t l  i  t t . t  t , , r '  t i r r

NPPD,  was  rn ( ) s t  i r r r , , l v c t l  r v i t h

the day- to-drr l  r i , , rk  r t  t l ie  s i te .

H i s  e r r t h u s i : r . r r r  l , , r '  ] ) i r c c t
' Ibnsion 

Inr l icr t , , r ' .  i '  l i lset l  urore

on  the  p rovc l r  r n t cs r i n ' o f  t he

bol ted jo ints  thrn (  )n cost  s l rv-
ings.  As rn e r , tnrPlc:  l l r ior  to  the

inst l l la t ion of  t i rc  rn. rssrvc steanl

i l rum,-J inr  checket l  l (X) '2 ,  of  the
bo l t s  i n  t he  L ' n i t  I  l r o i l e r  bu i l d -

i ng .  Hc  bc l i sc t l  t h i s  r i ' . t s

essent i l l  bccrrusc sorne rnernbers

hrcl been renroverl ,rnd repllcecl

to t t t l rkc r t  r t r  l i r t '  o t  I te  I '  crect i t l t t

work.  l -h is  chcckup took only 2

l / l  thvs -

ri e l l  wortl-r

thc resul t ing

c<lnf ldcncc

rrnr l  pelcc of

n r i n t l .

t T 2

'stntbIul 
.t'itr thc cottrtcctiotts. Ihcl.t

,.tl jht u,tshct' - trscd tttrtlu' thc rttrt.

t's rrnlct'thc bolt hutl, thc othcr tiaht-

utul thc tttrt. Whcrt tltc ptrp

l,diu cc tt t lt c D irect' l i t t si ott

Inthcutor trnd tha urrtlu'sidc of'thc

bolt hcd a,trs lcss tltrn I i rnils

().01, in.), tfu oltsatt 'ct ' siantl lul

thr ttrtrtr on thc iL,t'cttch.

l:r p u'i ctt cul itorkrr t u t crr tt ru tl i l.y

f trlgc thc gP l,y c.)t(', thctt cl.tcck ottt

0t't7r'0 iL'itl.t t .ft:clcr ygc \tc.fbrt

lu',irte thc cuttrciion. Wltur

itrcnth uptcit.1,, rtir prcssrtrc trtd

1, o lt tt u tl i t i o t t s orc s tr t i s/h ctor'.1,,

pt'lpct'bolt tcttsiott - trs slto'itn 111,

thc cotttprcsst'l ttp - ctrn bc

rcttltcd itt l0 sccrntls or lcss.

INSPECTION METHODS

Bohs ti gl;tc tt t'tl t itho ttt D ircct'Iinsi o tt

Indiutors /tt//.\t bc inspcctcd zt,ith n

tlr!trc tt'cn('h (photo does not shou, tltc

crttirc lctrptlt of'thc htndlc). Bolts zt,itlt

Di rtct'[cttsiott Indicttot's rtrc iuspcctcd

t'isrrtll.j, trtttl tirl; rr :-rtrrll .fi'clu' wrec.
II-l;crt t l ;t t0t'qu( t:t ' t ' t tcl., is ttst 't l , strtrt-

Irrrtl f t'trctict' t'tqtrit't:s ittspcctiott of'10",tr'

of'tl;c l,olts (ot'tr rrrittirtrtrtrt of'nt'o l,olts)

itt crrch nrtttcr:tiott. It is tli./Jicult to

t tt rr i t t ttr i t t t lt c t cc t rt'tr c.1, of' tl, i s r r t t lt otl

l)(tttrc( it rclics ott tltc tortlttc-tL,ttsiort

n'lttiotrsltip. .-llso, ottt sltoultl .fbllo'it, tltc rcqtrirttttt'rtts.fitr trliluttitte tl.tr: torrlrrc

itrcrtcl.t. LLtltctt Dircct'li'nsiott Itttlicttrn's trt' trscd, trtt crpcricrtcctl irtsltctlor trrtt .rLL

tl.ttly,,17 tl.rc 6r1rt l.trn,c bcctt propcrl.l, ittstullul. L.rr of'tl.,c fi'L'ltr g,qt utt rltriclil.t'

t't'r'i.fi, 71t111 tl;t lnlts l.trti't l,rctt ti,qltrctrcl

|0  I1. , (  s l t ' r i . l iL , I  tu t r ' i , t t t .

INSPECTING BOLTS ON UNIT 2
'l'hc 

qtrtlit.l, contrul irtsptrtrn'.lity tl.tc gcrt-

ct'tI cottttttctot' t'isrtrrIh, cl.trckcI tII l,ttIts.

Qrtcstiotrrblc a/tpt it'(;'( tltrckul 'itirl., tr

fi'clcr arac. It's rctrsstu'irte to t'rlk
tl.rruttgl.r r stt'uiut'c trtttl scc t bia OK,
u,ltich sltozL,s thrt rll lutlts lttrcc l,cctt
prlpcrl1, tiql.ttcnul tttd lttTc prrssttl
I tlSp((:il0il.

COST FACTORS
When comparing the costs for the bolt

tightening methods on Units 1 and 2,
these factors should be considered:

l. Bolt installation
2. Inspection
3. Purchase of Direct Tension

Indicators
There are no figures for comparing bolt

installation costs. Adding an extra item -
the Direct Tension Indicator - to each
bolt-nut-hardened flat washgr assembly
on the ground is a negligible factor. The
same is tnre for handling the extra item
during work at the connection. "Call-

backs" to re-tighten bolts should
definitely be reduced when using Direct
Tension Indicators, because the iron-
workers can easily check their work. The
reduced costs for rework should greatly
exceed the extra cost ofhandling Direct
Tension Indicators, but since these fac-
tors cannot be measured, they are not
included in the cost comparison.

The cost if inspection is a significant
comparison, and figures are availatrle. On

Unit 2, inspection was handled by the
contractor's quality-control man as part
of his duties. There were no exffa billings
for this inspection. On Unit l, torque-
wrench inspection was performed by a
test-laboratory inspector, with the assis-
tance of iron-workers supplied by the
general contractor. Both costs were billed
to the owners. They report that the Unit
I inspection costs for the boiler and tur-
bine buildings totalled $183,500.

The cost of Direct Tension Indicators
for the boiler and turbine buildings of
Unit 2 are estimated at $30,000.

Subtracting the cost of Direct Tension
Indicators from the savings on inspection,
the net savings is slightly over $150,000.
On a project costing over 340 rnillion dol-
lars, $150,000 is not going to "make or
break" the job. But any saving is nice to
have, and it proves our long-standing
contention:

Direct Tension Indicators save far more
money than they cost, and the contractor
and the owner can take the peace of mind
and the confidence as a free bonus.



MER on Direct Tension Indicators
Tbnsion Indicator is a hardened round washer with
pressed oat of tbe flet sarfoce. It is a simple and accurate

ng and inspeaing high-strength bolts.

The Direct Tension Indicator is placed on a bolt
with the protrusions bearins against a hardened sur-
face - either the underside of the bolt head, or a
hardened flatwasher. Figure I shows one ofthe
most used assemblies: the Direct Tension Indicator
under the bolt head, with the nut rurned by the
wrench.

Note the gap before tightening.

When the bolt and nut are tightened, as shown in
Figure 2, the clamping force partially flattens
the protrusions and reduced the gap. When the
gap is closed to the required dimension (0.015

in.), the bolt and nut are properly tightened.

Figure 3 shows two other methods to position

the Direct Tension Indicator. In both these
assemblies, the Direct Tension Indicator is under
the turned element, i.e. the element of the assem-
bly that is turned by the wrench. Note that a
hardened flat washer must be used between the
Direct Tension Indicator and the turned element.
The required gap dimension in these assemblies is
0.005 in.

J&M Turner's Direct Tension Indicator is
patented.

NOTEI The Direct Tension Indicator is a preci-
sion-made device and should never receive any
treatfirent after leaving our plant. Also, Direct
Tension Indicators should not be reused.

J&M TUrner Inc.
13 10 Industrial Boulevard
Southhampton, PA 18966

Telephone: 2 1 5-953-1 1 18
800-525-7 r93

Facsimile: 2 | 5 -9 53 -I 12 5
Telex: 288965

FIGURE 1 FIGURE 2

FIGURE 3


