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I. Obtain m uue m nb r ’,uties tn t he shape of ’ t h e  ‘ii rnt cml ur e( ‘,7m tt t ’ t t t  T S t t  lb (44 S k g in ’ )  desired. Th ese mne nuhtzun es t t lav be e Iastm ~ I i  m uu t mu el as t i c.
hut th ie presh-,uped notichasite t y pe is rce uut nmii em udcd ,

I l mn c  , tt ’~~t ” c a te  1 1 1 1 11 ) lb l  5 1 3  kg mr 1 I Figure 4 s l um s  amt nuf lated tionelastie r e i m i t irced p i E-
et ht’lemi e m ute itth ra ne 25 ft (5 , 5 m) its diameter amid 14

‘ u  ~t .i,’ _ t r ”_ t , ite  3 ~ i l  111 ) -m i mi ) m mu ix I 20)) lb ft  (4 ,3 in) h igh. .5 flat louver mi uctn bra t te sli glt i hy larger
7 12  k g. ii - I t hait she st ruelhl re ’s diansetet , Is used imi additiot i Il l  f lue

- shaped memut bra t ie .
56’ ,’ t i I ’ c n  s ~1 ) f  I lb I I I ?  ,‘ r u t  ‘

2. Prepare a ring bea m ut o f time proper dla it le tet , Fig-
55 ,11, - , i s  ne ,) l l i i t ’SI lures 5 amid 6 show a seg mnem ited ring beatn of tuhse ;gla s s -
5. - - H ’  i t  Is  s p 5  I lk’ , i’e int ’orce d pot y e s i e m  atud pol ymirc l h mamue b aum , I i t t s  ritig is

portable and reusable , Concrete rimig beatu us or c , l m t c r c l e
I his ,I,’ s i e r s  m~, n s ~ ilh b h I , l t l l i c e s l l s l t ’ t , 7  wit h 25- t i l ls ’ s labs w itich becomne part of h u e  floor for ti le s t t t u i ,,’i i ite

pT u t ) e1 ’ ht ’ s .m s l ull u s  t le ,\ n t r a l s t r e i t g t l t , 1100 psi can also be u s e d,
5~~4 \ r i C o  

- 
I ~ u ‘ I n  I ‘ s s l t ’ s I re itgtl u - 6000 psI

41 411 1 N tntn 1, split tensile s t m ,- iugt li , ‘)9() psi (6.205 3. Attach flue h u ts - em nue mim bran e , if used, to the ting
N iu uim i~ I . S ‘ l u re ’s \t , l n l l l i s . 5 5 1(Y ~ psi ( 20 2( 1(1 heatt u withu metal stra pping , thuen place thue pieshit iped
N nmtu t  .‘ I , anti IS ‘ m s s i  itt ’ s i ti i  u , (b _ I s  

— — —

fi ll J , S i n u s  m u  0 R . Wit tua t mmsu,n,  Ra! / j u ’tt u ’s l u sh  “I L,/ ’ r , u, s
I h~’ sht o t cre me 

~ 
, ,es s pru ud nt ,es exce llent f iber dus- (,‘onu’Pet u’ 1)01111’ mimi P/ate Vp ’  ioi ’uii . l’ u’cfu ii i , ut Rt ’piurt SI I 7’i -

t r i r ’ u t m I , mm uvit h li t ,’ m i ta fu u r  f iber r e t i ut u i rc e i tme mif  in Ihe . 59 \ i I ’S~~li’ m (( ‘ I  Rt  , .Sp mi l t’I’ l,i,

‘is

_ _ _ _ _ _ _ _  _ ___ __ _



h u l l  r’i a s t t i ’ I upper tu ue ium hiane ,ut r the t ui ,’i ii ie it ibr amie 4 RESULTS AND DISCUSSION
( F igure “ I

4. Inflame l ime upper Imi e Imi b t : iml e atid s i tu  IS t i  w i t h  St ructures Constructed

~1uu lyu i ue t I ia l ie t i > ,iil i il l .1 ple~h~’ t e tm im itue,h ihi it ’ k m ii ’ss , tu t u a ( ‘ l rR l _  i t _ i s  c u u t i ’ p le t i’d ry e ( u e i m m t s p in i ’i t i _ u i t u n I s 1”

u n l t h i i m m h u n u  uh f  .4 i t ,  I t 17 1 ,  i i i )  ( I is t i te  s’ I I me l . imget lie mug t i m , ’ n it la l l i l t  t l ,l, ’ t j s u i t y i t ’l,’ ‘sy s l t’ i m l .  \ de s~ np t muun
s;t . tm u . ml ie gt s’,iiem t f n,’ kr ie ’ s s  o f t u u a t t m  t e q m u ir c d.  Si~ nic h e s  it ea ch is e t ie nn  iii I ihli’ 2, lii,’ l u t e  I ‘ S i t  4 I - n i l ) . , i i —

I~ t m) si l t , l _ l l i i  \ i j s  use d liii t ue 2 5 — f t  ( S  “ - n mi ( ’ d iatmme . a i l ieter  doit ies we me tnade uuu i t t  v _ t n  lo r is f i xu i u m i i i t s k i t t ’’ss, ’s

met shuim ne , w h ile t h u S  S ni. I .1)~ Iu nil is- as ie q i u iu et f  f u l l  m u  d,’t ermr iuu ue f i le  i m u m m l t n u t u i m m  t l t t L ’ k i l ,7ss mequ ired f i m i  511111 .
t h e  I S i t  ( 4  l u —n i t )  ut i n i t e s  c t e l t u g .  Ii us _u t i t i tm d that ilue I . 5 — I n ,  ( ( 1  4 ,S - r n t ) ~t luit ’k

d mi it ie No, I L’ llilld l u l l  wi t hm stat id  the  p n e s s t i t e  I u . n n t  i i

5 . Ilegiti s i t u l i v r e m n u i g  u immir ue diate hv if te l  c uu i mi p ht ’ t im mn ‘ i l lo te rele tio,,ile am] dc toi  ri le d Is s i t u u t t i i  Ill h’ ig t ir e I S .
t i  m I me f , u atm i sprayitug. It lit,’ s l r i le tmi res  are sl tu ahl , c i t o t —  S 4 1il I .iY’9—it O—i l m ie k domtm e t ’ s ’,’d s u i t m ,, uem it I i i  h u e

e remi tug  c u r  he pe rf ~~ritued f r o m t m  a p lai tu l r i mu :  a st iork el  I ~‘t ’m I4 .6—n i )—d i a m um eie r s i r t ic ture ,
i mt i t ’k is ie,’ l m t i r m uet uded for  hamnz e i s t r l uc l um ,’s I I’i giure 0)
lite si lu l l~ - i e m t m n g  shuc uutd be a c ui mutim u uo us p Ress II) tu u im i — ‘I’Iue versat i l i t y  ot mite t n t i l r t t n i n  f l _ t r i m  s I t l~ i,’t t ’ s ’s
immu lte co ld I n l immtg .  l’ iue f lnal t i i i ck iue s s ut the s lm u e t lu re  mc m li pe rmnits tIle e t i ns i rnet iu t t i  i s i i t i ,’ i l i t e s  m u )  l i i’

is a tmu t i c t t o iu  of ’ t Ime sh:upe atid it if,’tu ded use. F t unes tO  t hm j e k ih ,’ss , ‘ l ime i lh ie k rness u t  t u e di u mmie i s a  t t l m t , ’ t u ot l  It
( a )  ami d (b (  511 , 5% cui ti up leted d l l t tm e s ,  n i ’ s  tu lended u s e .  It mIt e s t ru cmuum e is I i  be nt ’ i ’ ~’ ,lI,hbl e. I t s

we tg ii i iuiusi be kept us n ini t t the i’ ,t p t v r t \  uuf ’ it ie i t t ’m i t t ~
9. (‘ rea te uu p en i mt ’ Ss  iii tim ,- c t r m i , ’ Imu r , - us app lyit ig .t eqt i I p muic m i t  ( i .e. , Ime l i e up ter .  c r it i C .  C t 5 ’ . )  ‘I emut p uraiy

b u n t & u  t h te ui l l la me ,f m tue m mmbmane I s  s i n u i t s i r  ni Figure I I — s urnt ’ Inu res eatu lie ,‘i l tm st ru ct e d I f  f~oain , n n k . u t  ‘ i nt l

hs- .ippls l I td .t In t l  to time toau t a ’s si t uuw n nt h ’ t g t i t e  12 , wit h shmtt t ,’ rete less 11111 m m 1 imi . ( 025 mti l ihick. h land t ’ r -,s ’ ,I
‘i i’s c i i t m t n l C  i it i , inrb h time t’uillu pleied ‘s t iue t ni i - e a , ‘Ir win s t r u e t u t t e s , or ‘ s t i l i c t t l l e s  designed to i- e su ’ t  Iteavv Iuiads ,
ill 1- igu u m e 1 ,4 , nay require im mu re t iuati Ii ill. (1 5 2 l u ) .  Time i _ t h i s

m l t t t ’ k m n t ’sse s a te  :i5’ i r ;ev ed w t t lmu ui am sy l t he r a i t I l t  itt the
( s t ’ t im ,’ s_ h o le e m i t t i n g  pn rs ’e , i n i nes  O ut e it k’tet ,’ f oa t i t  ill sin l i 5 r ,’ t t ’ pr Is’ s’’i’s . m uuer ,’Iv ‘‘s in~’ ie asuu ig  t i~ ’

phivt ’d n’~ t ime -~in ’t c ’ e t u m n g  pu ,.’,’~’s ( p t i e l i t m m a i i 5 ’ m Ut  t as l i t He uif ’ t matt t i i t ni hut’ s lu i i t cm et i mtg .
u i  ~t I m h _ ~rs tI ll, n t I e .

Compar ison With Current AFCS Stru~turas
s 1 5,’ eo i l t en l t t i r _ l i  r e t t ) t ’ ic t i tn , i  n t i s  l i l i s t  ii lie nieslu \1 , l te l  n _ t i  e i ’ s t s  sa i l ed  us Iii tu e t I t u k r n s ’ ss ut Ihe ‘ ni l

when , imn , Iksts  r r u , t l , ’ , h i e ’ s  l im i t  t im e sm ,- e i — t i h e r — r e t t m f ’inrcej  am id ‘sit t~~o_’ t t ’ , but I _ I’ le 2 ‘s i t u ’ s  t h at ‘ i t t i c i n u u t ’s tail he
c,li n,. is ’ te  c a m tn u u t  y , i m l \  m Ime ,ht ’s t ’S l l  ‘ h i t ’ s  ( l I g n i t e  1 4 .  titn l m .11 t t u i ie i i :u l  t o s i S  less t h an $3 sq ft I 532 ,2 1 ntn ~ I

Table 2
1)oine (‘oust ruct ioim Sunmmarv

t i n ts ’ io ‘ i tmial  I’ iumm , ’ Sla ic ria t
I) iam cter , h eigh t ,  I ml aIn. Stm ( t ( crct t _’ , l i nme lit St mou, ’re t ,’. (tu (‘ ti nsl r ui ’t, Sri-a. St aim ’ Slaie’ riat ( ,us i,

\ u , .  I t  (ml  I t  (ml In, In) ) In, Im I Foam, Iii tlr h r  Sq I t  (rn ’2 ) t lours * (‘osi, S S Sq t i  bn m 2 I

I 5 4 m m  ‘ t l  t 5 n I S S I  2 5 1 , 1611 l i i  5 2.5 177 1 6 1  Ii i 2 ,s l l  I ’ i ’ s l t” , Ot

2 i S  II “ ul II .1 1 1 1  ‘ “l i  S I 11,4 t , 6 1 , 5 7 )  1 77 16,4 1 27 .56 ’s 2 n i t  2 1  51 ’

,1 t ’ S r 4 1 . i 7 ( 2 ) 1  ‘ S I l l  t 2 u  2 5 1 i I , 4 n  2 1 1  .5 3 , 5  t 7 7 i t 6 . 4 p  23 4 5 1 1  2~~4 2 ”  14

4 t ’ c t m S S u  1 1 1 1 ,1 , 1 1  ( i l l  1 5 2 1  l i i  , ,
~~~ ,p  2 , 0 2 ( 1  4 2 5 ’ S i 2 3 7 i  ‘ ‘S .5511  5 511 1 61 1. ’ ,

‘S 2 5 5  c i  14 4 i t i i i  I ‘ S 2 i  2 , I l t . l l S t )  ‘ i i  6 c  14 61€ (5’ , 21 “4 17 111  ‘

n t  Il ls Iuiui, ’ ‘i t’ 1 , 1 - n  . ‘t  nu ’usru ht r ’ n i t ’ s  ft,’;u nlii.

- - - ~~~~~~~~~~~~~ -



TabLe 3
Co in parisoim of Iii lb t i on / F oa iml / ShIf tic re he

Strueture With 5 Ft’S h~uihding

Iteiui SI ( S 1S f  .511 I • t , n i ’ I,uliu ,m ,!t ‘j m uu/S t i ut ,  lu-t i ’
2 0 1 1  211 f l  2 2 1 1 f f ,  / mil l uli.,ltlu ’l,’r
6 I mu S ( u i  ui)  s I I  ii ( ‘1 4 I i )  fli C Iu ,

us’, f I r i  lilt ’ _ uiui f 1 t m  I I),), it u I ‘ l u ,
55,1,111 ft , u uur i i .  I I I ’)’ Ill ,‘ lm l, ’rs’l, ’

llu u , , u

Srea 4 1 1 1  su) m l  i 61 2 1 m ’2 dl  5 )  I t  35) ,  u i’ O

‘us eig l u l  (‘ lu lls s 443 k, ’ t m  tunis ) 1 4 5 1 5  Li

(‘lust ¶ 1 1 1 2 1  S 1 11111

Simippiim~ voll iulme ‘‘II ‘il II 11 4 7 in m 3 m 1 1 2  ,‘u ii 1,5 .2 tIl l

(.‘onstrU,’t jujn rnan~Iiours

hloritontah 5 5

S’erti ,’al 22 11 72

(;,‘neral 411 1)

[( II ‘sf  2i,5 5),

‘Ii ‘ ‘ s lou lul, ’ t rt,t u ‘Iliu m’ I It l1  Ii s1IIi(I . u m m I ‘ u s

1:191,’ .~ ,‘oliupales lull I nf l a m ott l u a til ‘shomer,’te sIr lit - tur ,’ ,Swu,Ia t1 -i1 llurj t,1
sv ihil a hiuhihitug it )  eq t i a l  ,j re:t us desc ribed in I 51 S . 4 ( l l  - I) iuurt e N, , 4 was cu ye~’e d wi f l l  7(1 Runs ) t ~3 5F ,~ kg ? 1
2 . , ~ l i e  sh uliele t,’ s’s ‘stein t t ’t I t n n e s u i m e — m h i r d  tile Il ium— ‘i sa u d to simt iu hat e 4 .11 (1 .22—ni l ni muil ei g rurtutid burial.
im unrs atm d ‘‘ u e - m ’ h u r t h i  I rs sit ipp imug t - u lumne . ‘lime du il- The dotise tt’ ,h’i bilged ii iii ‘— ‘a tr it bag ’su iscum ta m n the 5 ,1115 1
,‘ t t ’t ~ ,l(ulmw’ p u t t  n t ’ s  collie I’ , t i l t s t t , ,s i e s t ’ s t , i m r 5 e , as shown ~nmd tilen laded ‘aS s i r ,u ~ i t  ill I cr i me  I ” . L)ial gage’

ill j’_ ti t l e I, u’shuem e ,ts tilt ’ Si I S t i t mlluer bmuil d lt lg sloCs li lt. nsuiunted nisude the ,hi m mme t i  nuuui l i l t m Ite Iiut t g— t ,’r u t n de—
fu )r ii t , l t r l i n s  sho ut i l i u m es s eti t uahh ’ s it def’u ur lllat m u m il h a s

Don’me Tests ‘,‘ t’l il r e d st i t c e mi ll ’ iim t ln, i ,tt’ t u n r i u , t t r i t n s  t h at r e s r i l m e l

tr ui mmi tile appIi~’~it i~mm n u mf ’ the i _ id l ine d , u lt um _’ l i _ i ’ s  been
Is’ ’!, ‘t ,i t, I ’lI i!  I’ 0111,1 I,u ,id full h ’ S  ihi lut i ihl’s

Figure I m ’  s h uts ’s du llum ,’ N. ’  4 , i s  i t t  ‘CS ti ) in dt~u mui ~
,‘t,’n 9 hO II ( 3  I mum) lngiu , 9,-i l l ’ S l i f ted  tro ut thi,’ c uu i i— / ‘ ‘u’i ’f ’r / u t v ’
sIt 1,11011 p I~l t f uurmiu l’s .1 it t uek ’tml ullu;Ii, ’st cl _ ill, ’ ‘I he dotmie PuI ~’~uie i ht ,u;: e f uam mi ‘s a tl,h i~ nnah he material requiring
Is 2 .5 i i’ .4 itt . I (((‘4 i ILl m l  l h m mt ’k ~it m d suto gits up’ ‘ s u i t ,’ l’s pe of fil epr i uu l f i’oatitig III cu u si ’ ili t g. ( I~R[ has
p il u~ i tl t _ hit ’I~ hO 1,015 1 0 1  .2 kg )  II Is t ,’ i t t i u u i t i ’d s l t ’i’, les led st’ue ia l  m ’ s pes u m f t m u a t e t t , i l s  1111(1 f ouui md t l t a h I
itt ull I v u ilhulil e l’i’ ust ’ult of s ued ( lbs ’ is , ()mily tu tu l ift II .6—lu im lub—I l l i c k  p ias t i’ m u t i l e  of one pam - I eetnet tt Ii.) lts iu

puii itm ’ s were required u m tt .ise tim, ’ doimme “S f t  (2 2 . 11 n m) p i l t ’ s  sand us sr I i I t , i ,’ u i t  t u t Ih i e p t u u t the t , , l i m t , 5 ( l l m i l ,’t
t il l ’ , pos itmo il Iii ti ’ ’s tt m n e liii’ de ulr , tisil _ lti ’s t h a t  donmes (‘ire t e s t s  cu’ l l l l l i , te l l  (iii tm i h i . s c _ uI , ’ patme ls us u t i m  h u e  p i t s m e t
oh tills ivpe a ie r d .  ,~, n t ,tI’ l5’ ,nmd c,un be tr ~uns pui rtc d by e ulat i tug shi 15v ,’hl lim it t l te  mliii did h o t  be,’u m mmk ’ u m u u l i l ved
irt ic k u ur hm e h i , ’ i pier fr uml tl a l’i’umi ’ i,hi pruld uehi f l n  f i c l h t ’ s - . 

—

- 8iuI slil 5111111 1 . I~~’ / ‘ / , l , , n , , n , J / ’ l / t I l  1’ 1 ‘ 1  / ‘, ‘ / r , n , , ,  n/r,. ’ ’ u ,
I’ ,,” n/ u r n, , r . ‘~ilf ” ’ l . ’ll! ‘u . n. ’,,,. ‘u t S L I t , 2 . 3 (II,’ /‘,, kulnl cll,j /‘r, !, - , i t , , ’ I “ ‘a u, ,’ , h ’c fm n mta f  Ri’pouu SI t ‘‘i S I m S

u u u , n , ’utr .‘t ifu s’ ‘sTIl ls . 1M “‘ pi ’ uii’i- u t ’ l ’ t l  111) 97112 1( 1 RI hI l ly I ‘171 )

II)
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unti l ~ immumiute s ill,’ i igni f uul m i of the t i re s ,u lu rce,  \ ‘ s ’ l \  t i l ls iii, ’ si t Ier ,‘ llI t e i l f  ~uiii 1 h Ill s thue V ,a l e m ct ’ r tm , ’nt h i t ’
l i t t le  imivtulu’ ,’it ietl t ‘‘cctlrte, h during time ) iilhul us ’ itm g 17 cuf ilte ut~s N u d e  l i p e m a t u s l m i  c i t t  be Ieaii ied II UsI .1
nm ntu les to t he s ’ lllIs’ i i isi, uil of ’ h u e  l,’ s t .  h lu luseu e l  . a l — b i t s  huiuts h’s all ’s h uus t’u- gt ~uded l,’ - _ t l h i t s r , I t l  ) ( S  ~4 I
t lisiuglu plaste r uu ’s ’ u i t es  t he requited ) irepro suf nig. It l l ,’ us~’ ut ’i . , u i t i t l t in t ia h htt l i l s of Pi,hs nit ’ ‘aIC le q i i u m C d t i
eamiti ot hc s’ ,uinsi il e u i ’ ,t l ime f’im t a t ail ’sts t- m II) t he ptohie mit ,tevt -i p t’ i m mmm p ,’ te nc~- . l i u u ’ s  is ,h l s u l  ir m ue ot t h e  t ’ u ,t ut ‘ s p i t ’ s
‘s lu ICe t he ham g e di) f ’ere imee luc ius t e l l  the eu ie t ’f ie ie m i is uil eqt l l pm ne mll  ul pet lu mio m l: ihi uweve t , ulp era t iomi  ut t h e  air
ex paimsiomi f t h e  p laster ammd lime loam it C l i i  e u e mht l la l l ’ s  ~‘o l l l puess u i s . t’O m le re te n t im \ t ’ t . a lIt1 s h u u t i c i e t e  mlml uel l it le
c_ ins ,- t hme p laster Ill flake t i l t ,  (111111’s muimt lut iu i i l  sk ill _ ilId sa il be Iea riued te i s  i _ t~u ts i t ~

I hue imi s ude l’l ,lsuiiie N, 2 ii i s  ,t cu t ‘ s m III ~ 
S Hi, Foam/Sh otcreting as a Repair Technique

( 3 . 2 multi) I t  gIass .f ’tbe1 ’ . mt ’ t n t i 5 I l ~ed Celiletlt ‘amid stub ~ee1e d .5’s s t a t e d  p r ’ u n u i h ’ s i ’ s  - dciium e N. . I ( 1 . 5  iii. ,t i ,4.s m’i m~
t ul natural  t,’tlupera itur es s’.h u ’ s’itm g fr s mmu u 0 t o uI I I I I I lIt 11:1111) 55 _ I ’ s de fu ln i t ed  lv ihe Ing hi pressUi t ’ of m hi u _’
to ± ,4 .

’
(’ ). Else lt uaterl’ ,uh is c u l l  lt ttaCf after It) immum m u i h i ’ s  si t ,u tcr eie ito,,tle ,ls sitowm i in Figut i IS .  Ibis d ,u ume ts .t ’s

i f ’ es_ pos ure . us ’ltil om m lv milton shr it ika i~,’ , m _ f t k ’ s  t e s t s  of is,- j  to dt’l t tutllS ll ’a te mite tn _ tIll Si t l I t ’ s l t’ l t’ ‘s y sie tlu s C’a~)ll—
uit iter i’s pe~ of ihIe i iu ~~

,,t eil:l tt i t gs are c llll in umtmg . hil t ’s I i  rapidly tep lu imi g de ie i l li,int ’d or daiuuaged
si rmu e tures of .11 n ’ s t

Production Data
l)ty s I n , n c n ’ ~’ m ~’ inac hl mues ca ul be pt umcl mac ed wa i t  a n_ u I’lie t mi ’al t’m t ’aI em )e i it ui pass m iig ihie , lC t , u i t i l a t mnm i  us _ us re

mcd a p a c n t s  ‘I 2 to I 2 cii ‘s t t r h i m  II .5 t~~ ~,2 mun . ~ h r  4 . ntul\ ’ed by }u u e ,hkn i n d  i t  ‘ ‘ n i l  is’lii i _i 2— l b I ‘ l b  k~ I ll:lluil ume r.
I hle .hcl muai pm~utt u CI t s u ti ca m ,’ us’t Il sl’ ’ pe m ud upomi Ute app hi l i li lu , flt’ s _ tb le us ‘‘ult I s la ts  u5’~’ iC It em u I.ui hed tut u t i n t

~‘_h l i uuil . h u , us e se i  , l’bie (‘FRI ~‘quuu p titeitm ‘s n ,~t~’,t at  ~ CII fu la i n ~un t h e  t m t t l e rs l d e ‘i he d une u’s sli ts un it t  I go ne
sI lii ( 6 , ) to 3 hul . ‘situ uhe ,ici uu .u I lu te . t t ia t t u,’d ui l’s 2 i h i  to appiul ate t it e c r u n y , t t n l u t ’ u t f  tile ihiu iu me , hil e

en ‘si t ho I I . 5 to 2. mii i b u t  I’ I in c plhlil _ ti ~ tt ’,6,ln t i l t  t up en illg is u s t h l ell C ’  sted us t I l t  u l t d l i l a t  ‘s tl~ u,’ieen a nt I
the hulW, ’ t ’ t h n . l i l ’ s ’ _ t t t _ ls ’iil, ‘ I n s t i ll lilt’ Sil l’s mime nu t ’  s p ra ’ s t’ui u s u t h  i ’ ’ aum l  h ’ m g n u n e  2 ( i ) ,  I he re 1i , t t m i ’ ,i . 1 1 1 1 1  55 J 5
p ul t _u t moim it fm h er s  nIt ,’  t i le  uI’s \ mu l l t i l e i  t t ’:hsu un us _ u ’ s l ime s p i_ i~ etl us i l i l  ‘ s i n o t c m e m e  ill t’ulnmp I~’te t i le t~~~_ lli I h - u t i r t t e
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Figure 1, Pol yur emhi a il e t ’oa mu u -‘ i ’ m  ‘ u ’ s f l u e e u , 1 tu ip im ie i i n  Iiicludc’d are two compresse d air

operated plu m imps . a hu e , im t u g  j u l  m m m i x u m m g  m um - ,im i d t h e  spray gun.
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Fi gure 2. Dry shotcrete inachuimue with nozzle,
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(b) Edge view ,

Figure 3. Radiograp h of piece of steel -fiber-reinforced shotcrete with 1 .5 volume per-
cent of fibers.
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Figure 4. Reinforced po lyethylene membrane in fully inflated position 28 ft I” .5 in)
d u : um n eter h’s 14 ft (4.3 in) high. Note small 20 cu ft (.57 m3 )/m in blower unit
at h u ’ u s e m  rug i u t .
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Figure 5. Segments of polyurethane foam/glass reinforced ~olyester ring beam for 28-ft
(SS ’m )-d iameter dome ,
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Figure 6. Fu l l  2 5 - I l l  5 .5-i ni-di a mm iete r rimig beamm u imi posit ion to receive nuenibrane.
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Figure 7(a) . Low er mnem iub~iumie h~umi deuI in i f o position for 25 - f t  (S 5-ni ) dome.
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Figure 7(b). i’i~ 
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Figure 8. Tw etu t~, -eig hm t ’ I t  u s  S -in (-diamm ucte r uuuetm ibrane part ua l ts  t m u ’. us’m III pmul yurc-
t h ua m m e t u t ,u rm m
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Figure 9, Sluotc rct ing 28-ft (8, 5- mui) -dia i muete r h’s’ 14- f l  I 4 .3-m iu )-h ti ghm dsumuue with use of
snor ke l crane .
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Figure I 0(a), View of completed I S-ft (S .5-m).diameter by ho-ft (3,0-in 1-higl m steel fiber
sh uo t c re tc do m e.
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F igure 10(b)’ (‘omn pleted 2~ -I l ~s .S ‘ hi t ) - d mammt ete r  b’s’ 14-f t (4.3-111)-high steel fi ber shot-
c rete domne, I hue ilomuse ,b mI ’ s l ’ s l ’ s  It h-un ( - I 5-n s)- th uck polyurethane foam

ammd 2 to 3 in, (.1)5 1 t o ii “ t u iii ) h f  I ~ vo luumue pe rce m mt steel fiber shotcref e,
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Figure II. Cardhui , um s l I’ ‘ iii u - I~~.,I ‘ I t ’  is ‘ , ‘ immhl , uied li m c’ mm m b r , i m m e to provide opening

into 2 ” - t m  I” 5 - b I l l  . , ‘ n m c ’ ,’’  ~I , Is ’ .
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Figure 12, Opening info I 5- f m 14,6-m )-dia muie ter by 7-ft (2.I-mn )-hi gh dome made by plac-
ing wood formn directl y on t h e  foamut shell and then s iuofcrcting around it , Cov-
er of form has heeut remnoved ,
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Figure 13. Opening cut into I 5-ft (4 .6-m) -di auncf e r by 7-ft (2 .1  -m)-high steel fiber shot-
crete dome wit h demolition saw. ‘[ he foa m and sho tc rc t c are each 3 in , (.076
m) f hi c k,
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Figure 14, Segment of 2M-t ’t (S.5-m)-diameter dome was reinforced with No. 4 reinforc-
ing bars and 6/6-10/ 10 wire mesh to demonstrate the utility of this type of
reinforcing if it should be required.

I

Figure 15, Deformation of the I ,5-in (.038-m)-thick pol yurethane foam dor.~e resulting
fro m high pressure of shot c rete .
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Figur L ~6. Eig hmr een -It iS 5-rn )-di.un m~ ter h~ I t t - f t  i3 t i -m i m i -h u g h dome being lifted from
constru 5tiu ’ n platform by truck crane for placement into position for testing.

- .

Figure 17 . View of IS-f t (5 5-m I-dia meter dome being loaded with 70 tons (63 503 kg)
of sand to simulate a 4-ft (1.2-rn ) underground burial.
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I

Figure I S. hl,u m c huumug of steel tihem c iumu creme mmu u x.  Equipiutent required is a concrete mo-
lid,,’ , a ‘s i l i l tcret e miuac h’u u m u e , 600 cu ft 11 7 mn 3) h u m  air compressor , and a truck-
mniiumite d sm mi ’ m ls u,’l crane.
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Figure 19. Deformed dome of Figure IS being repaired using the foam /shotcrete system ,
This view shows the old material removed and flexible wo od slats placed to
curvature of dome,
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(a) Screen in place ready for foaming.
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(hI Foam being applied to screen ,

Figure 20. Further steps of repair process.
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Figure 21. S l lc l tcret immg f ’o:u mu u p.thc ht to  coitup lete repair of I S - I t  (4 .6- i tu b- dia mm ueter domite ,
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